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^^'ith  the  beginning  of  a  new  year,  it 
Electrical       is  but  natural  to  review  the  events  of 
Progress        the  preceding  year,  and  try  to  deduce 
in  1914         what  may  be  expected  for  the  future. 
It  is  customary,  tlierefore,  in  the  first 
issue  of  the  year,  in  such  periodicals  as  the  Journal, 
to  deal  to  a  considerable  extent  with  reviews  of  prog- 
ress during  the  past  and.  to  some  extent,  with  prog- 
nostications for  the  future,  based  upon  this  review  ot 
past  performance. 

One  thing,  that  is  perhaps  most  miticeable  to  one 
■who  has  looked  over  previous  reviews,  is  that  prog- 
ress, particularly  in  things  electrical,  may  now  be 
taken  as  a  matter  of  course.  If  there  is  any  branch 
of  our  industry  which  does  not  show  progress,  it  is 
an  immediate  sign  of  decadence.  If  progress  in  any 
given  line  cannot  be  reported  for  this  year,  it  is  very 
probable  that  next  year's  report  will  omit  mention  of 
it  entirely. 

Perhaps  one  of  the  most  noticeable  lines  of  prog- 
ress during  the  past  few  years  has  1)een  that  which 
has  involved  the  capacities  of  generating  units.  The 
putting  into  service  during  the  past  year  of  units  as 
large  as  30  000  and  35  000  kilowatts  is  taken  as  a 
matter  of  course — simply  a  matter  of  normal  devel- 
opment. Units  of  30  000  kilowatts  capacity  now  j^ear 
about  the  same  relation  to  the  total  plant  capacity  as 
did  5  000  kilowatt  units  ten  or  fifteen  years  ago.  \\'e 
now  have  the  30  000  kilowatt  units,  and  look  confi- 
dentlv  forward  to  the  time  when  the  50000  kilowatt 
r.nits  will  logically  be  demanded  and  logically  pro- 
duced. The  main  significance  in  the  growth  of  the 
size  of  units  is  that  the  unit  size  is  simply  a  measure 
of  the  plant  size,  and  the  plant  size  in  turn  is  simply  a 
measure  of  the  importance  that  electricity  is  assuming 
in  our  modern  life. 

Another  development  which  has  made  this  year 
notable  is  the  steady  increase  of  transmission  voltage, 
typical  of  which  has  been  the  placing  in  operation  of 
the  Big  Creek  plant  in  California.  This  plant  is 
notable,  in  that  it  uses  the  highest  transmission  volt- 
ages that  have  yet  been  used  in  practice.  Another 
notaljle  feature  of  this  jjlant  is  the  first  u^-c  of  a  unique 
plan  for  voltage  regulation,  one  which  involves  main- 
taining a  constant  voltage  at  both  the  generating  sta- 
tion and  the  receiving  station.  Automatic  regulators  are 
used  in  this  case  upon  the  generators  to  keep  their 
voltage  practically  constant.  At  the  same  time,  similar 
automatic  regulators  are  used  on  synchronous  con- 
densers at  the  receiving  end  to  keep  their  voltage  also 


approximately  constant.  This  is  the  first  use  of  a  sane 
and  logical  method  of  voltage  regulation  and  progress 
reports  for  future  years  will  doubtless  indicate  its 
adoption  in  many  other  cases. 

Returning  again  to  the  matter  of  large  central 
stations,  the  increase  in  economy  of  steam  plants  is 
still  progressing.  Compared  with  last  year,  possibly 
this  general  bettering  of  economy  is  not  greatly  notice- 
able, but  if  we  cominire  general  station  economies  of 
today  with  those  which  were  prevalent  10  or  15  years 
ago,  a  startling  betterment  will  be  noted.  This  better- 
ment has  been  attained,  due  first  to  the  general  adop- 
tion of  the  steam  turbine  for  prime  movers,  and  sec- 
ond, to  the  tremendously  large  increase  in  the  size  of 
units  and  in  the  amount  of  power  which  has  been  in- 
volved. Both  of  these  influences  have  had  their  in- 
fluence upon  the  economy  of  our  central  stations. 

^^'hen  we  come  to  consider  railway  work,  we  find 
that  the  i)hase  which  is  now  particularly  attracting  the 
transportation  engineer  is  that  which  pertains  to  the 
electrification  of  trunk  line  railroads.  In  this  connec- 
tion, possibly  the  most  notable  occurrence  of  the  year 
has  Ijeen  the  shipment  of  the  first  locomotive  to  the 
Norfolk  &  Western  Railroad  in  anticipation  of  the  elec- 
trification of  their  high  grade  division  over  the  back- 
bone of  the  Allegheny  mountains.  Progress  on  this 
electrification  has  Ijeen  satisfactory  during  the  past 
year  and  it  bids  fair  to  be  completely  installed  and  in 
service  before  another  progress  report  will  have  been 
written.  The  preliminary  tests  on  these  locomotives 
have  indicated  that  they  will  perform  even  better  than 
anticipated  by  their  designers.  The  use  of  the  induc- 
tion motor  ujion  these  locomotives,  deriving  its  poly- 
phase current  from  a  single-phase  supply  by  a  "phase 
siilitter"  carried  by  the  locomotive,  is  unique.  The 
regeneration  of  power  on  descending  grades  which  is 
accomplished  automatically  by  this  locomotive  is  a 
very  important  feature  for  a  development  of  this  char- 
acter. x-\gain,  some  of  the  construction  features  of  the 
locomotive  itself  are  unicjue  in  this  country,  the  main 
one  being  the  combination  of  gear  and  side  rod  drive 
which  removes  tlie  motor  weight  from  the  driving 
axles.  The  wound  secondary  induction  motors,  in  con- 
junction with  the  liquid  rheostats  used  in  the  seconda- 
ries, give  a  smoothness  of  control  which  is  unobtain- 
able in  any  other  way. 

Of  no  less  importance  than  the  Norfolk  &  ^^'est- 
crn,  is  the  Pennsylvania  Railroad  electrification  at  its 
Philadelphia  Terminal.  The  Pennsylvania  Railroad 
has  adopted  1 1 000  volt.  25  cycle  power  for  u.se 
on  the  trolley,  in  this  particular  being  similar  to  the 
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Norfolk  &  Western.  However,  the  Pennsylvania  de- 
velopment is  quite  different  from  the  Norfolk  &  West- 
ern in  that  multiple-unit  cars  are  to  be  used  as  the  first 
phase  of  the  electrification,  while  heavy  locomotives 
arc  the  typical  feature  of  the  Norfolk  &  Western 
development. 

Overhead  trolley  construction,  hotli  upon  the 
Norfolk  &  Western  and  also  upon  the  Pennsylvania 
lines,  shows  some  interesting  features.  The  new  fea- 
tures are  mainly  changes  in  detail,  rather  than  funda- 
mentals, since  a  long  previous  experience  with  the 
same  trolley  voltage  has  indicated  that  there  is  no  fun- 
damental difficulty  in  operating  successfully  with 
1 1  ooo  volts  on  the  trolley. 

A  development  of  the  last  year  which  proljably 
gives  as  much  promise  for  the  future  of  heavy  electric 
traction  as  any  other  is  indicated  by  the  high 
hopes  which  have  been  engendered  by  the  successful 
operation  of  a  number  of  mercury  arc  rectifier  equip- 
ments. An  experimental  outfit  of  this  character  was 
operated  on  the  New  Ilaven  system  for  months,  .'\fter 
a  considerable  mileage  had  been  obtained  in  such  test 
service  without  any  difficulty  developing,  it  was  con- 
sidered safe  to  put  the  car  in  regular  revenue  service, 
and  it  has  operated  in  a  highly  successful  man- 
ner in  this  regular  revenue  service.  This  particular 
car  is  equipped  with  four  225  horse-power,  600  volt 
motors  and  the  fact  that  a  rectifier  of  sufficient  capa- 
city and  reliability  has  been  developed  to  operate  such 
a  car  in  revenue  service  successfully  is  one  which  is 
fraught  with  tremendous  possibilities  of  future  de- 
velopment. This  success  points  out  the  possibility  of 
further  developments  along  the  line  of  high  voltage 
electrifications.  The  successful  development  of 
the  rectifier  will  not  only  permit  the  use  of 
direct-current  motors  operated  from  high  voltage 
single-phase  trolleys,  but  also  indicates  large  possi- 
bilities in  the  direction  of  stationary  rectifier  substa- 
tions which  may  feed  high  tension  direct-current  trol- 
leys. \\'hether  the  direct-current  trolley  or  the  alter- 
nating-current trolley  will  be  the  future  development 
is  a  question  which  can  much  better  be  answered  by 
some  one  who  will  write  the  progress  reports  for 
future  years.  In  jjassing,  it  may  be  interesting  to  note 
the  important  fact  that  direct-current  potentials  as  high 
as  5  000  to  7  000  volts  have  been  successfully  used  in 
test  service  by  the  Westinghouse  Electric  &  Mfg.  Com- 
pany. As  indicated  above,  however,  it  is  futile,  at  this 
time,  to  predict  whether  the  progress  of  electric  rail- 
ways will  be  developed  along  the  lines  of  high  voltage 
direct-current  trolleys,  or  high  voltage  alternating-  cur- 
rent trolleys.  The  main  thing  of  interest,  to  one  who 
is  noting  progress,  is  that  facilities  are  now  becoming 
available  so  that  the  art  may  be  developed  along  either 
line  as  future  improvements  may  indicate. 

It  is  a  far  cry  from  a  30000  kilowatt  .generating 
unit  or  a  3  000  horse-power  locomotive  to  fan  motors 
and  toaster  stoves,  but  after  all  it  is  the  toaster  stove, 
fan  motor  and  similar  devices  that  bring  the  general 
public  into  intimate  contact  with  things  electrical. 


The  development  of  electrical  devices  for  use  in 
the  home  is  of  vital  significance  in  the  progress  of 
electrical  engineering.  These  devices  not  only  make 
for  much  increased  c(jnvenience  and  comfort  in  the 
home,  but  they  also  lead  the  popular  mind  to  believe 
and  to  have  faith  in  the  use  of  electricity  for  many 
other  things.  The  direct  effect  of  these  home  devices 
is  to  add  tremendously  to  the  loads  of  our  modern 
central  stations.  The  effect  of  this  growth  on  the  cen- 
tral station  has  already  been  indicated  in  the  first  para- 
graphs of  this  review.  But  this  is  not  the  most  impor- 
tant effect  of  these  home  devices.  The  education  of  the 
public  to  the  use  of  electrical  devices  in  general  is, 
after  all,  the  most  important  effect  of  this  growing 
popularity  of  the  many  devices  which  are  now  made 
and  sold  for  the  home.  When  ekctricily  was  first  used 
in  the  home,  the  electric  light  was  the  only  thing  we 
bad.  Then  came  the  fan,  and  shortly  after  that, 
various  devices  for  electric  cooking.  Then  came  the 
vacuum  cleaners,  ozonizers,  curling  irons,  and  the  one 
hundred  and  one  things  which  make  for  convenience 
in  the  modern  home.  The  past  year  has  shown  a  nor- 
mal development  among  these  devices.  Nothing 
radically  new  has  been  added,  but  old  devices  have 
been  improved  and  modified  in  such  a  manner  as  to 
make  them  even  more  popular  than  in  the  past. 

The  use  of  electricity  in  the  automobile  is  one  of 
tlie  modern  developments  which  should  not  be  o\'er- 
lonked  in  a  jjrogress  report.  At  first,  the  only  use  that 
electricity  found  in  the  automobile  was  for  purposes 
of  ignition.  lIowe\cr,  the  convenience  of  electricity 
has  won  over  the  automobile  field  in  a  remarkable  man- 
ner in  the  past  few  years.  In  these  modern  days,  no 
automobile  is  complete  unless  it  is  equipped  with  elec- 
tric lights,  an  electric  motor  for  starting  the  engine 
and  electric  devices  for  shifting  the  gears,  and  doing 
many  of  the  things  which  formerly  were  done  by  some 
other  means.  These,  of  course,  are  not  entirely  de- 
velopments of  the  past  year,  but  the  past  year  has 
shown  its  fair  share  of  the  refinements  in  this  particu- 
lar development.  The  single  machine  with  a  single 
armature  and  single  conniiutator  which  may  be  used 
either  as  a  motor  for  starting  the  engine,  or  as  a  gen- 
erator for  charging  the  storage  battery,  is  a  develo])- 
ment  of  the  year.  Further,  the  idea  of  making  the 
electric  unit  entirely  self-contained  is  one  of  this  year, 
as  a  self-contained  unit  has  been  produced  which  com- 
prises a  motor,  a  generator,  a  distributer  and  the 
necessary  induction  coils,  etc.,  for  the  ignition.  .\n- 
other  development  is  the  magnetic  pinion  shaft  where- 
in the  starting  motor  is  thrown  in  gear  by  means  of  a 
magnetic  device  instead  of  a  manually-operated  device 
as  in  previous  years.  It  is  surprising  how  completely 
the  electrical  equipment  has  won  over  the  automobile 
field  in  recent  years.  There  seems  to  be  no  question 
but  that  electricity  not  only  has  come  to  stay,  with  the 
automobile,  but  will  be  developed  to  a  luuch  larger 
degree  in  the  future  of  this  vehicle. 
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When  we  look  over  the  field  of  lighting,  we  see 
nothing  startlingly  new,  but  we  do  see  a  healthy  de- 
velopment of  things  which  are  old.  Possibly  one  of 
the  most  pronounced  developments  of  the  year  has 
been  the  increased  use  of  the  Mazda  lamps  for  street 
lighting  purposes.  Until  recent  years,  the  arc  lamp 
had  a  monopoly  of  the  street  lighting  field.  It  has 
labored  under  the  disadvantage  of  a  rather  high  up- 
keep, the  necessity  for  recarbonizing  and  a  somewhat 
flickering  light.  All  of  these  short-comings  are  over- 
come by  the  Mazda  lamp  whose  advantages  are  suffi- 
cient to  have  caused  it  to  be  used  to  a  very  consider- 
able extent  for  street  lighting  purposes.  Whether 
it  will  ever  take  the  place  of  the  arc  lamp  completely 
is  another  question  which  some  future  compiler  of 
progress  reports  will  have  to  answer. 

In  the  steel  industry,  electricity  continues  to  take 
an  increasingly  active  part.  Dri\ing  of  rolls  and  other 
steel  machinery  by  electric  motors  is,  of  course,  not 
new.  The  past  year  has  seen  a  normal  increase  in  this 
class  of  business.  The  use  of  the  electric  furnace  for 
steel  reduction  purposes  also  is  not  new.  Howexer. 
the  past  year  has  indicated  a  very  material  increase  in 
this  particular  use  of  electricity  in  the  steel  business. 
The  great  ease  of  application  and  the  accurate  control 
of  the  electric  furnace  are  items  which  are  attracting 
metallurgists  more  and  more  to  this  particular  form  of 
electric  service.. 

The  development  of  arc  welding,  too,  is  one  which 
should  not  be  lost  sight  of.  Shops  doing  general  re- 
pair work,  particularly  those  which  are  doing  the  re- 
pair work  of  our  railroads,  have  found  that  the  use  of 
the  arc  for  welding  and  other  repair  purposes,  is  of 
very  great  value.  There  is  nothing  particularly  new 
to  report  in  this  feature  of  electrical  work,  but  an  ap- 
preciation of  its  value  is  becoming  more  and  more 
evident. 

When  we  come  to  the  consideration  of  switch- 
boards and  other  details  in  the  electrical  industry,  we 
find  a  normal  amount  of  progress.  The  year  1914  has 
seen  a  considerable  improvement  in  the  matter  of  pro- 
tective relays,  a  type  having  been  developed  which  is 
not  only  "dead  beat"  but  is  capable  of  accurate  adjust- 
ment in  so  far  as  the  time  element  is  concerned.  An- 
other interesting  item  of  progress  is  the  development 
of  a  very  ingenious  method  for  obtaining  tripping 
current  for  the  tripping-out  of  circuit  breakers,  inde- 
pendent of  the  use  of  shunt  currents  which  have  here- 
tofore been  necessary.  This  particular  scheme  de- 
pends upon  the  use  of  the  energy-  developed  by  the 
series  transformers  and  the  prevention  of  it  from  do- 
ing the  actual  tripping  until  the  desired  time  has 
elapsed  after  short-circuiting  has  occurred.  If,  after 
this  time  the  short-circuit  current  is  still  flowing,  the 
secondary  series  current  is  shunted  through  the  circuit 
breaker  trip  coils  thereby  causing  the  tripping. 


Further  in  the  matter  of  circuit  breakers  the 
year  has  seen  the  development  of  the  one-piece  cylin- 
drical oil  tank  having  a  spherical  bottom.  This  gives 
the  strongest  possible  form  of  oil  tank  and  is  a  dis- 
tinct advance,  enabling  such  a  tank  to  better  withstand 
the  very  high  pressures  that  may  be  developed  within 
it  on  the  occasion  of  the  interruption  of  a  large  cur- 
rent. The  out-door  type  of  circuit  breakers  and  trans- 
formers have  distinctly  increased  in  popularity  during 
the  past  year,  and  sizes  and  voltages  have  been  made 
available  for  this  use  which  heretofore  have  not  been 
built.  The  year  has  also  seen  the  largest  carbon  break 
type  of  circuit  breaker  that  has  yet  been  demanded  by 
the  trade,  capacities  up  to  24  000  amperes  having  been 
built  and  successfully  put  into  operation. 

In  the  matter  of  metering,  an  important  step  in 
advance  has  been  taken  in  the  placing  upon  the  mar- 
ket of  a  type  of  meter  which  not  only  gives  the  kilo- 
watt-hours but  also  gives  the  maximum  demand  that 
has  occurred  upon  that  meter  since  last  set.  Students 
of  electric  rates  are  more  and  more  coming  to  the 
opinion  that  heretofore  our  rates  for  electric  service 
have  been,  in  general,  based  upon  insufficient  informa- 
tion concerning  the  service.  In  at  least  99  cases  of 
every  100,  there  is  no  attempt  made  to  get  any  in- 
formation concerning  customers  service,  except  the 
kilowatt-hours  consumed.  It  is  now  more  than  twen- 
ty years  since  Dr.  John  Hopkinson  pointed  out  the 
value  of  tiie  maximum  demand  in  any  system  of  rates. 
A  meter  which  has  been  placed  upon  the  market 
during  the  past  year  gives  information  concerning  the 
maximum  demand  as  well  as  the  power  consumed. 
This  meter  is  a  step  in  the  right  direction,  viewed 
from  every  standpoint,  and  the  further  use  of  such 
meters  can  be  confidently  expected. 

In  the  matter  of  transformers,  the  year  1914  has 
set  a  new  mark  in  the  size  of  the  self-cooling  type  that 
has  been  built.  A  5  000  k.v.a.  self-cooling  trans- 
former has  been  manufactured  during  the  year  with 
external  radiators  similar  to  those  used  for  house 
heating.  The  use  of  this  particular  device  apparently 
permits  self-cooling  transformers  of  capacities  up  to 
almost  any  limit  that  may  be  desired.  The  year  has 
also  seen  the  largest  air-blast  transformers  yet  built, 
5  500  kilowatts  being  the  rating. 

Another  development,  which  bids  fair  to  increase 
in  importance  rapidly,  is  the  extension  of  electricity 
to  the  propulsion  of  ships.  It  is  a  significant  fact 
that  during  the  year  1914  the  United  States  Govern- 
ment has  decided  to  equip  one  of  their  new  battle- 
ships with  electric  drive.  This  decision  has  been  based 
largely  upon  the  eminently  satisfactory  performance 
of  an  electrically-propelled  collier,  which  was  tried 
out  extensively  during  1914.  It  seems  quite  likely 
that  the  writers  of  future  progress  reports  will  have 
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much  to  say  concerning  the  use  of  electricity  for  the 
projiulsion  of  ships. 

In  going  over  the  field  of  progress  rapidly,  as 
has  been  the  endeavor  in  the  foregoing,  one  must 
bear  in  mind  that  lie  can  touch  only  the  high  spots. 
The  field  of  tiie  electrical  engineer  and  the  electrical 
manufacturer  is  unique,  in  that  it  is  the  most  rapidly 
developing  field  of  any  in  our  modern  life.  It  is  im- 
possible in  a  brief  survey  such  as  this  to  touch  upon 
all  the  points  of  interest.  This  sur\ey  is  not  intended 
to  be  complete,  but  only  one  which  touches  the  field 
of  deveIo[)ment  along  a  few  of  its  more  important 
points.  1'.   -M.  Ltxcoix 


(  )n    account     of    the    dependence    of 
Wave  losses    and    performance    of    aUcriiat- 

Shape  iii,i;-ciin-ent  a])i)aratus  upon  the  inter- 

Derivation  iclated  \va\es  of  voltage,  current  and 
magnetic  flux,  the  engineer  must  have 
ready  means  of  deriving  any  of  the  three  waves  from 
the  others.  The  simple  mathematical  relation  between 
the  voltage  and  flux  waves  in  inducti\e  circuits  al- 
lows several  methods  of  wax  e  derixation,  some  of 
which  are  set  forth  in  the  article  in  this  issue  of  the 
JouRN.\L,  by  Messrs.  Bedell  and  Hown,  entitled  "Der- 
ivation of  Wave-Form  of  Flux  from  \\'a\c-l"nrm  of 
Electromotive  Force." 

In  circuits  containing  only  inductance  or  capa- 
citance, the  wave  deri\-ation  may  be  accomplished  by 
several  methods  of  integration  or  differentiation  as 
the  case  may  be.  When  the  i^roblem  is  complicated 
by  resistance  with  inductance  or  capacitance,  or  both, 
the  derivation  is  more  dit^cult  and  the  methods  of 
.solution  arc  much  reduced  in  number.  With  further 
complications,  such  as  hysteresis  and  cyclic  variations 
of  resistance,  ca])acitance  and  inductance,  the  har- 
monic treatment  seems  to  be  the  only  practical  method 
of  solution. 

Many  engineering  ])roblems  of  today  deal  with 
periodic  waves  too  distorted  to  allow  suitable  solutiou 
by  vector  diagrams  f)r  f)ther  conventional  methods. 
Therefore  the  value  of  such  methods  of  solution  as 
those  given  in  the  current  article  is  at  once  apparent. 
It  is  to  be  hoped  that  the  |)resent  article  is  only  the  be- 
ginning of  a  series  on  short-cut  methods  and  practical 
treatment  of  such  electrical  problems.  The  accuracy 
obtainable  seems  to  he  the  only  basis  of  comparison 
niade  by  the  authors.  The  selection  of  a  method  for 
integrating  a  voltage  wave  should  be  based  as  well 
upon  the  labor  necessary,  the  number  of  waves  to  be 
integrated,  the  equipment  available  and  the  accuracy 
and  data  required  from  the  flux  wave.  Tlie  validity 
of  the  comparisons  made  mig-ht  also  be  questioned  if 
the  voltage  wave  should  contain  harmonic  components 
above  the  17th,  and  its  practicability  might  be  ques- 
tioned as  the  usual  prol)lcm  seldom  imjjoses  the  condi- 
tion of  a  limited  number  of  equally  spaced  ordinates. 
All  of  the  methods  given,  except  the  application  of 


Simpson's  rule  have  had  their  specific  uses.  The  direct 
method  witli  the  integrating  commutator  has  been 
very  valuable  in  the  laboratory,  when  the  amount  of 
experimental  work  has  justified  the  set-up,  and  is  the 
most  valuable  method  to  obtain  the  peak  of  the  flux 
wave  in  magnetic  work.  The  practical  application  of 
Simpson's  rule  will  be  (|uite  limited,  for  even  with  a 
limited  number  of  ordinates  given,  the  values  can 
readily  be  plotted,  a  free  hand  curve  drawn  and  equal- 
ly accurate  integration  obtained  with  less  labor  by  the 
graphical,  mechanical,  weighing  or  common  method  of 
summation. 

In  addition  to  the  methods  given  by  the  authors, 
waves  may  be  plotted  and  integrated  directly  by  the 
curve-drawing  integraph,  or  in  experimental  testing 
the  oscillograph  may  be  used  to  integrate  the  voltage 
wa\e  directly,  by  recording  on  the  photographic  film, 
or  drawing  on  the  tracing  table  the  current  through  an 
air  inductance  upon  which  the  voltage  wa\e  is  im- 
pressed. Both  integration  and  differentiation*  of  cur- 
rent and  voltage  waves  can  be  obtained  directly  with 
the  oscillograph.  With  suitaljle  harmonic  analyzer** 
and  curve-drawing  apparatus!  the  curves  given  l)y  the 
oscillograph  can  readily  be  used  to  solve  the  more 
complex  problems  with  di.storted  waves  and  evaluate 
the  harmonic  expressions  of  hysteresis,  cyclic  varia- 
tions of  resistance,  inductance,  and  other  factors. 

L.  W.  CiiuiU! 


Electricity 

and  the 

Sugar 

Industry 


We  find  in  the  works  of  the  earliest 
historians  mention  of  the  use  of  sugar 
or  "carkara."  Its  use  has  increased 
with  the  advance  of  civilization  until 
today  the  United  States,  the  greatest 
consumer  of  this  article  in  the  world, 
uses  approximately  85  pounds  per  capita  per  year, 
while  Europe  uses  but  37  pounds  per  capita. 

While  sugar  can  be  procured  from  several  sources, 
the  world's  supply  is  obtained  mainly  from  two — 
sugar  cane  and  sugar  beet  roots.  The  former  is  found 
between  North  latitude  31°  and  South  latitude  30°, 
while  the  latter  is  a  product  of  the  Temperate  Zone. 
For  the  season  just  ended,  there  were  produced  ap- 
proximately 18520000  long  tons  of  sugar,  of  which 
9610000  tons  were  cane  sugar  and  8910000  tons 
beet  sugar.  Of  this  production,  not  more  than  200- 
000  tons  of  cane  sugar  and  160000  tons  of  beet  sugar 
were  gnnvn  in  the  United  States  proper.  This  is  a 
verv  small  percentage  of  the  total  annual  consumption 
in  this  country,  which  is  3800000  tons,  having  an 
approximate  value  to  the  consumer  of  $420000000. 
Thus  our  annual  exi)cnditurc  for  sugar  exceeds  the 
total  cost  of  building  the  Panama  Canal. 

The  warring  nations  of  F-urope  (Belgium.  Ger- 
many, France,  Austro-Hungary  and  Russia)  su])i)lied 
95   percent  of   the  beet   sugar  jiroduccd  a   year   ago. 


♦Electric  Jocrx.m..  May.    I')I4.  pp.  2r)6,  2(17. 
♦♦Electric  Tocrx.vl.  Feb..  1914.  p.  91. 
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This  year  they  will  not  produce  more  than  half  of  this 
amount,  which  is  not  sufKcient  for  normal  European 
consumption,  and  if  hostilities  continue,  next  year's 
crop  will  be  practically  nil.  It  therefore  rests  with 
the  sugar  cane  growers  to  supply  this  shortage. 

In  the  last  few  years  there  has  been  an  overpro- 
duction of  sugar,  which  resulted  in  a  low  market  price, 
and  a  great  many  cane  sugar  centrales  survived  only 
by  installing  the  most  efficient  machinery.  Probably 
the  greatest  innovation  has  been  that  of  the  electric 
drive,  which  is  described  by  ]\Ir.  Wirt  S.  Scott  in  this 
issue.  As  the  price  of  sugar  for  the  next  two  years 
will  probably  not  fall  below  the  present  market  but 
from  all  indications  will  increase,  it  behooves  the 
thrifty  manager  to  carefully  study  his  production 
costs  and  invest  some  of  the  profits  he  will  enjoy  in 
installing  demonstrated  production-increasing  and 
cost-reducing  apparatus,  thus  preparing  himself  to 
meet  the  competition  of  the  future  and  still  earn  a  fair 
margin  of  profit. 

Since  the  ancient  method  of  extracting  the  juice 
from  the  cane,  by  placing  it  between  two  large  hori- 
zontal mill  stones  and  revolving  the  upper  stone  by 
oxen  power,  was  supplanted  by  horizontal  rolls  driven 
by  steam  engines,  nothing  has  been  introduced  which 
spells  the  combination  of  increased  extraction  and  re- 
duction in  operating  and  maintenance  charges,  as  does 
the  application  of  electric  drive  to  the  rolls  and  the 
auxiliary  machinery  necessary  in  sugar  factories. 

H.  F.  Griffith 


Engineering    f"  o*^""  dealings  with  many  engineer- 
Notes  '"?  readers,  mechanical  and  electrical, 

it  has    been    noticed    that    there    are 

A  New         numerous  minor  technical  points  cov- 

Department  ering  a  wide  range  regarding  which 
there  is  considerable  uncertainty.  While  the  funda- 
mentals of  engineering  are  understood  in  a  general 
way,  there  are  many  problems  continually  presenting 
themselves  involving  features  which,  when  we  get 
right  down  to  facts,  are  a  little  hazy.  This  is  especial- 
ly evident  when  an  attempt  is  made  to  explain  such 
items  to  others  or  to  make  use  of  them  in  any  work 
of  importance.  The  Journal  Question  Box  has 
helped  to  clear  away  uncertainties  for  many  of  our 
readers,  but  even  it  has  its  limitations,  as  the  inquiries 
usually  relate  to  specific  difticulties  and  the  answers 
are  given  with  these  conditions  in  mind. 

As  a  means  of  helping  Journal  readers  to  se- 
cure definite  data  on  particular  points,  the  "Engineer- 
ing Notes"  department  of  the  Journal  is  begun  with 
this  issue.  This  section  will  contain  pertinent  para- 
graphs on  various  topics  of  interest  to  our  readers, 
written  in  a  plain  and  thorough-going  style.  Many 
subjects,  while  important  in  themselves,  do  not  war- 
rant special  articles  but  can  be  presented  advantage- 
ously in  this  section. 


To  make  sure  that  the  explanations  really  ex- 
plain, this  section  has  been  placed  under  the  direction 
of  an  instructor  of  a  class  of  engineering  graduates 
who  uses  his  class  room  an  as  experimental  laboratory 
to  determine  whether  the  presentation  of  the  various 
items  is  such  that  all  get  a  clear  understanding  of  the 
subjects  under  discussion.  If  the  members  of  the 
class,  after  reading  an  item,  cannot  show  that  they 
understand  it  thoroughly,  it  is  considered  evident  that 
there  is  room  for  improvement,  and  the  paragraph  is 
modified  until  it  is  clear.  This  method,  it  is  believed, 
will  make  these  explanations  of  various  difficulties  of 
more  than  ordinary  practical  value.  To  Journal 
subscribers  we  extend  this  additional  service  and  shall 
be  glad  to  receive  suggestions  as  to  topics  of  general 
interest  which  can  be  discussed  to  advantage  in  this 
new  department. 


Service  to  our  readers  has  been  the 
A  Broader  function  of  the  The  Journal  Ques- 
Question  tion  Box  since  its  inception.  That 
Box  t'l's   service   has   been   appreciated    is 

shown  by  the  fact  tliat  some  1150 
answers  have  been  published  comprising  a  most  valu- 
able addition  to  practical  engineering  literature ;  while 
over  800  additional  answers,  of  less  general  value, 
have  been  supplied  by  direct  correspondence. 

Because  so  many  specific  c^uestions  have  been  re- 
ceived, it  has  been  decided  to  enlarge  the  field  of  the 
Question  Box.  Hereafter,  answers  will  also  be  sup- 
plied to  questions  regarding  characteristics  and  oper- 
ating features  of  specific  pieces  of  apparatus  or  mater- 
ials to  fit  any  particular  need,  and  (as  far  as  possible) 
where  such  special  materials  or  apparatus  can  be  ob- 
tained. As  heretofore,  however,  information  involv- 
ing the  specific  design  or  re-design  of  apparatus  will 
not  be  supplied  through  this  department. 

The  change  in  the  type  of  questions  which  are 
answered  will  not  involve  any  change  in  the  character 
of  the  answers  published.  Un  account  of  the  neces- 
sary lapse  of  time  before  answers  can  be  published, 
they  have  been  forwarded  directly  to  the  questioner 
by  mail,  as  soon  as  they  could  be  obtained  and  suitab- 
ly checked.  This  practice  will  be  continued  and,  as 
previously,  only  answers  of  general  interest  will  be 
published. 

Unfortunately,  the  editors  of  the  Journal  are 
not  omniscient — hence  the  majority  of  the  questions 
cannot  be  answered  by  return  mail.  The  location  of 
the  Journal,  however,  in  a  large  engineering  center, 
embracing  a  wide  variety  of  industries,  makes  possible 
the  securing  of  a  reasonably  prompt  reply  and  either 
an  absolutely  correct  answer  or  a  high  grade  engineer- 
ing opinion,  depending  on  the  nature  of  the  question. 
These  answers  are  then  carefully  checked  by  two 
engineers  of  broad  experience,  and  by  the  editors  of 
the  Journal,  in  order  to  maintain  the  present  high 
standard  of  the  Question  Box,  thus  furnishing  a  type 
of  service  which  is  unique  in  the  engineering  field. 
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KK;.     I  —  INDUSTRY    IN    THE    IQTH 
CENTURY 

Induslry  combines  labor  and   power 

for  transforming  raw  materials  into  adapted  for  special 
finished  product.    Power  from  engines  r 

is  transmitted  by  belting  and  shafting  USe3    Ot    power 

to  machinery.  .^^^l^j^.^  the  ordinary 

engine  does  not  supply;  such,  for  example,  as  cranes, 
elevators  and  small  motors.  It  also  supplies  other 
things  besides  mechanical  power,  being  useful  for 
lighting,  for  chemical  processes,  such  as  electroplat- 
ing, and  for  heating  in  various  forms,  such  as  electric 
ovens,  electric  furnaces,  soldering  and  welding. 

The  transmission  of  power  by  electricity  enables 
the  work  formerly  done  by  many  steam  engines  dis- 
tributed through  large  factories,  or  located  in  different 
widely  separated  factories  to  be  replaced  by  motors 
which  derive  their  power  from  a  central  station  oper- 
ated by  large  engines  or  turbines  or  water  wheels 
which  produce  power  on  a  large  scale  with  maximum 
economy.  Just  as  the  water  supply  of  individual 
houses  and  factories  once  consisted  of  individual  cis- 
terns and  wells,  and  has  now  given  place  to  a  common 
system  of  water  supply,  so  individual  engines  scattered 
througli  a  city  or  a  manufacturing  district  are  being  re- 
placed by  the  power  from  the  central  station.  Further- 
more, the  central  stations  which  have  been  operating 


A  Perspective  Survey  of  Electricity  in  Industry* 

tiiAS.  !•'.  Scott 

Professor  of  Electrical  Engineering, 

Sheffield  Scientific  School,  Vale  University 

MANUFACTURING  transforms  raw  materials  in  every  city,  town  and  village  are  now  giving  place 
into  finished  products  in'  tlic  means  of  power  to  substations  receiving  their  power  from  large  power 
and  labor.  The  power  was  formerly  human  ;  houses.  The  water  rate  per  horse-power  hour  has 
now  it  is  produced  mechanically  and  the  principal  decreased  from  a  range  of  say  30  to  50  pounds,  inci- 
function  of  labor  is  to  direct  and  use  mechanical  power,  dent  to  the  engines  in  general  factory  use  a  score  of 
The  availability  of  the  power  of  a  great  engine,  un-  years  ago,  to  eight  or  nine  pounds  in  the  large  turbo- 
limited  and  untiring,  replacing  the  power  of  the  human  generator  units  which  are  now  being  installed, 
arm,  is  the  fundamental  cause  of  tlie  marvelous  de-  This  perspective  survey  of  electricity  as  a  means 

veloi)mont   of    manufacture   during   the   past   century,     of  power  supply  in  industry,  siniiMy  reviews  the  facts 
Tiie  increasing  use  of  power  made  former  meth-     with  which  all  are  more  or  less  familiar.     In  order  to 

bring  out  tlie  present  situation  more  definitely  and 
clearly,  it  will  be  serviceable  to  ])reseiit  certain  statis- 
tics of  the  increase  in  electric  power,  and  to  consider 
the  specific  advantages  incident  to  the  use  of  electric 
power  and  the  means  by  which  a  manufacturer  may 
secure  these  benefits. 

One  of  the  factors  which  is  said  to  have  in- 
fluenced Great  Britain  in  its  sympathy  with  the  South 
at  the  time  of  our 
Civil  War  was 
the  feeling  of 
commercial  jeal- 
ousy because  the 
industries  of  the 
United  States 
were  of  sufficient 
importance  to 
arouse  anxiety  on 
the    part    of    the 

leadmg  manufac-     «'«".s-»"-i'"-  "•■>-"  ■"*• 

turing  country  of  fig.  2^industry  in  the  2oth  century 
the  world  Our  Power  is  transmitted  from  the  engine 
tlirough  dynamos,  wires  and  motors  to 
industries,  there-  machinery.  Electricity  supplies  power 
fore  were  of  no  '^'"^  additional  purposes,  sucli  as  cranes, 
'     .  hoists    and    elevators    and    haulage.      It 

mean  importance  permits  independent  operation  and  fa- 
fifty  years  a'^O  as  "^''i's's^  speed  control.  Electricity  also 
*  '  supplies  heat,  light,  magnets  and  electro- 
they  had  already  plating,  thereby  greatly  increasing  the 
<^rown  into  world   ^'Pplieabiliiy  of  power  from  the  engine. 

prominence.  But  in  50  years,  while  population  has 
trebled,  the  value  of  the  manufactured  products  of 
the  country  has  increased  tenfold,  doubling  in  periods 
of  about  sixteen  years. 

The  increase  in  the  amount  of  power  used  in 
manufacturing  industries  is  at  a  greater  rate  than  the 
value  of  the  products.  The  electrical  growth,  as 
measured  for  example  by  the  output  of  central  sta- 
tions, increases  at  a  much  faster  rate  than  the  increase 
in  manufacture.  The  capacity  and  output  of  central 
stations  double  in  approximately  five  years.  Going 
a  step  further  and  considering  the  electrical  power  in 
manufacturing,  the  rate  of  increase  is  still  greater,  as 
the  horse-power  doubles  in  three  or  four  years.  These 
figures  speak  for  themselves.  Manufactured  products 
increase  much  faster  than  the  population,  and  the  use 


ods  inadequate;  shafting  and  I)elting  for  transmitting 
power  from  the  engine  to  the  tool  became  cumber- 
some for  large  factories ;  engines  could  not  be  made 
economically  in  small  sizes,  and  the  power  of  large 
engines  could  not  be  distrilnited  and  applied  efficiently. 
Electricity  entered  the  field  as  a  new  kind  of  con- 
necting link  between  the  source  of  power  and  the  place 
where  it  is  ajiplied;  transmission  by  wires  is  con- 
venient, efficient  and  may  cover  great  distances.  Elec- 
tric motors  can  be  made  of  any  size;  their  speed  can 
readily  be  controlled,  and  they  have  a  general  adapt- 

ability  to  meet 
\aricd  and  partic- 
ular requirements 
which  exceeds  that 
of  any  other  meth- 
od of  power  api>H- 
cation.  The  elec- 
t  r  i  c   system   is 
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*Revi,sed  by  the  autlior  from  a  paper  read  before  the 
New  Haven  branch  of  the  American  Society  of  Mechanical 
Engineers,  Nov.  18,  1914. 


THE  ELECTRIC  JOURNAL 


of  electric  motors  in  manufacturing  is  increasing  manj' 
times  as  fast  as  manufacturing  itself. 

THE  SUPPLY  OF   ELECTRIC   POWER 

A  map  of  Connecticut,  indicating  the  territory 
served  by  different  central  station  companies,  nearly 
40  in  number,  shows  many  small  areas  of  central  sta- 
tion supply.  Many  of  these  companies  are  small  and 
supply  little  or  no  power  service.  A  few  of  the  com- 
panies,   however,    are    supplying    large    amounts    of 


FIG.   3 — UNITF.D   ST.\TES  CENSUS — TEN    YE.^RS'   FROGRESS 

Population  has  increased  about  20  percent;  the  value  of 
manufactured  products  has  nearly  doubled ;  central  station 
output  has  nearly  quadrupled ;  the  number  of  motors  supplied 
by  central  stations  has  increased  three  times ;  and  the  total 
horse-power  of  motors  supplied  by  central  stations  has  in- 
creased more   than   eight   times. 

power.  In  several  cases  small  plants  have  been  united 
and  there  are  several  companies  which  now  represent 
a  considerable  development  through  consolidation,  as 
compared  with  conditions  a  few  years  ago.  There  are 
a  few  power  transmission  circuits,  and  several  central 
stations  are  now  purchasers  of  power  from  power 
companies.  All  this  indicates  a  tendency  toward  the 
ideal  power  condition  in  which  power  is  generated  in 
a  few  large  power  houses  and  distributed  by  transmis- 
sion circuits  to  many  distributing  points. 

In  two  principal  cities,  Hartford  and  New  Haven, 
about  one-half  to  two-thirds  of  the  power  used  is 
supplied  by  the  central  station,  and  the  remaining  por- 
tion is  partly  electric  and  partly  steam  or  hvdraulic 
power  applied  directly  to  the  manufacturing  opera- 
tions. A  large  proportion  of  the  power  which  is  in- 
dependently produced  is  incident  to  a  few  rather  large 
factories ;  the  great  bulk  of  the  small  users,  as  well  as 
a  number  of  large  ones,  derive  their  power  from  the 
central  station.  A  very  large  proportion  of  the  power 
used,  especially  in  Hartford,  is  supplied  as  alternating 
current. 

The  relatively  large  amount  of  electric  power  now 
used  and  the  rapidity  with  which  the  electric  service 
from  the  central  stations  has  increased  during  the  past 
few  years  show  that  electric  power  has  proved  very 
acceptable  to  manufacturing  concerns. 

RE.\SONS  FOR  THE  USE  OF  ELECTRIC   POWER 

Several  central  station  managers  were  asked  what 
were  the  principal  reasons  for  the  introduction  of 
electric  power.    The  following  replies  were  received  : — ■ 

I — Lower  cost. 

2 — Relief  from  care  and  annoyance  of  plant  operation. 
In  certain  cases  manufacturing  plants  were  willing  to  pay 
considerably  more  for  central  station  power  than  it  would 
apparently  cost  to  generate  the  power  in  an  isolated  plant,  in 
order  to  be  relieved  from  annoyance  and  to  be  able  to  devote 
full   attention  and  energy  to  manufacturing  operations. 

3 — Difficulty  in  increasing  the  capacity  of  engines  and 
boilers  when  additional  power  is  required. 

4 — Safety  from  breakdown. 

5 — Reduced  liabilitv  of  accidents. 


6 — Increase  in  production. 

7 — Constancy  cf  speed,  or  facility  for  speed  adjustment 
and  control. 

8 — Elimination  of  smoke  nuisance. 

To  the  foregoing  specific  reasons  which  were  as- 
signed by  the  managers  of  the  central  stations,  the  fol- 
lowing advantages  are  incident  to  the  use  of  electric 
power  under  various  circumstances: — 

9 — Ease  of  power  transmission  to  separated  buildings. 

10 — Convenience  in  location  of  buildings  or  of  machinery. 

II — Gradual  installation  of  motors  as  they  are  needed, 
if  power  is  purchased. 

12 — Elimination  of  shafting,  belts,  dirt,  dust,  dripping  oil, 
noise  and  vibration. 

13 — Readiness  of  motors  for  instant  operation. 

14 — Overload  capacity  for  short  periods. 

15 — Choice  between  group  or  individual  drive. 

16 — Convenience  for  crane  service,  hoisting  and  the  like. 

17 — Adaptability  for  portable  lools. 

18 — Uniform  speed  or  desired  variation  in  speed. 

ig — Remote  control. 

20 — Automatic  control. 

21 — Measurement  and  record  of  power  used  by  individual 
machines  as  a  means  of  determining  the  actual  conditions  of 
operation  and  as  a  check  on  factory  efficiency. 

The  cost  of  power,  is  apparently  of  less  import- 
ance than  the  features  which  distinguish  electric  mo- 
tors from  other  kinds  of  power.  As  one  manufacturer 
has  e.xpressed  it,  "Central  station  electric  power  may 
not  cost  less,  but  it  is  better  power." 

Nearly  all  of  the  items  in  the  foregoing  list  of  the 
advantages  of  electric  power  refer  to  its  quality  rather 
than  to  its  quantity  or  cost.  It  is  the  indirect  and  the 
incidental  advantage  which  is  often  most  important. 
A  particular  instance  of  the  indirect  advantages  is 
found  in  the  use  of  motors  for  driving  rolls  in  steel 
mills.  The  description  of  certain  electrically-driven 
rolling  mills  was  given  by  Mr.  Friedlander  before  the 
American  Institute  of  Electrical  Engineers* 

In  the  discussion  of  this  paper  the  following 
occurs : — 

"I  have  been  interested  in  Mr.  Friedlander's  paper  in  the 
description  of  the  operation  of  certain  mills  by  motors,  and 
in  the  number  of  points  which  he  brings  out  showing  the 
indirect  advantages  of  the  motor,  not  simply  because  it  does 
what  the  engines  already  do  or  could  do,  with  possibly  a  sav- 
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FIG.    4 — GROWTH    OF    MOTOR    LO.\D    OF    CENTR.\L    STATIONS    IN 
H.\RTF0RD   AND    NEW    H.WEN 

ing  in  the  power  cost,  but  <lso  is  doing  things  which  the  en- 
gine did  not  do  and  could  not  do.  In  his  second  paragraph 
he  tells  us  that  the  rolling  mill  drive  has  taught  us  how  to 
get  the  best  relation  among  rotating  masses,  speed,  time  and 
horse-power.  It  has  helped  the  roll  designer  to  calibrate 
rolls  in  such  a  manner  that  the  power  characteristics  for  all 
the  passes  is  uniform,  thereby  avoiding  high  power  peaks, 
decreasing  the  size  of  the  prime-mover,  and  reducing  firs: 
cost  and  fuel  consumption.  The  wattmeter  warns  the  roller 
that  bearings  or  rolls  are  becoming  tight  and  hot,  or  that 
steel  is  causing  excessive  friction  in  the  passes,  often  due  to 

*See  Transactions  American  Institute  of  Electrical   En- 
gineers, Vol.  28.  p.  881. 
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overfillini;,  cold  steel  or  faulty  calibration,  thereby  Ruarding 
against  damage  to  the  rolls  and  bearings.  The  meter  indi- 
cates that  lower  heat,  greater  elongation,  and  especially 
change  of  profile  in  ditiferent  directions,  increase  the  power 
ret|uired  at  the  rolls  much  more  rapidly  than  do  chemical 
hardness,  high  tensile  strength  or  large  draughts.  After  ana- 
lyzing the  conditions  in  reciprocating  engines  for  this  work. 
we  find  that  the  characteristics  of  the  electric  motor  are  much 
better." 

.\  little  further  on  he  says  that  heavy  reciprocating 
engines  cannot  run  at  such  high  speed,  and  must  be  connected 
to  the  rolls  by  means  of  gears,  ropes  or  belts.     Again: — 

"'To  obtain  accurate  information  as  to  the  exact  power 
requirements  for  rolling  steel,  indicator  diagrams  were  taken 
on  reciprocating  engines  doing  similar  work,  but  these  in 
piany  instances  were  misleading.  With  the  use  of  electric 
motors  in  place  of  reciprocating  engines,  tlic  problem  of  re- 
versing rolls  becomes  much  simpler  and  better,  in  regard  to 
manipulation,  fuel  consumption,  and  cost  of  maintenance.' 
Now  these  are  all  indirect  things,  points  of  inherent  superi- 
ority of  the  electric  drive  over  the  steam  drive,  points  which 
show  a  reaction  or  interrelation  between  the  motor  and  the 
mill,  which  indicate  that  the  motor  is  going  to  have  a  vital 
efTect  upon  mill  work  because  it  does  what  the  engine 
cannot  do." 

The    reasons    wliv    the    incidental    ailsanlas^es    of 

electric  power  and  matters  of  facility  and  convenience 

are  so  important  will  appear  when  this  matter  of  cost 

of  power  is  considered. 

THE    CO.ST    OF    I'OWKR 

The  ]irime  object  in  niamifacturing  is  to  increase 


onlinit  and  Id  rednce  cost. 
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FIG.  5 — CITY  POWER  SERVICF. — 
Al'I'KOX  I M  .\TE  POWER  IX 
INDUSTRY 

Showing  proportion  sup- 
plied by  motors  deriving 
current  from  isolated  plants 
and  from  central  stations. 
The  black  portions  indicate 
the  percentage  of  direct- 
current  power  and  the 
cross-sectioned  portions, 
the  alternating-current. 


The  three  elements  of  man- 
tifacluring — material,  labor 
a  n  (1  pijwer  —  constitute 
three  factors  in  the  cost. 
The  proportions  differ  in 
different  industries ;  in 
niaiu'  the  cost  of  labor  is 
many  times  the  co.st  of 
power.  Approximately, 
the  cost  of  power  for 
a  day  is  equivalent  to  the 
cost  of  wages  for  half  an 


hotir.  A  fi\e  percent  sav- 
ing in  the  cost  of  labor  is 
about  equivalent  to  the 
total  cost  of  power.  Hence, 
if  labor  can  be  made 
more  effective  by  securing 
uniform  or  high.cr  speed,  by  increased  facility  in  oper- 
ating machinery,  by  improved  general  conditions  in 
factory  surroundings,  or  by  any  other  means  which 
electric  power  can  sup|)ly  so  that  there  is  an  apprecia- 
ble gain  in  output  or  in  the  ctficiency  of  labor,  this  will 
be  economical,  even  though  the  cost  of  the  power  itself 
be  considerably  increased. 

Again,  the  first  cost  of  the  motor  is  a  matter  of 
relatively  small  importance.  The  charges  for  interest 
and  maintenance  per  day  are  comparable  to  the  wages 
for  one  minute.  The  purchase  of  motors  and  control 
appliances  at  a  considerably  increased  cost  will  be  fully 
justified  if  thereby  there  is  a  saving  of  a  few  minutes  a 
day  in  labor. 

Aside  from  the  direct  labor,  the  items  of  indirect 
labor,  of  general  expense,  which  involves  the  cost  and 
maintenance  of  plant  and  machinery,  and  the  general 


items  of  handling  material,  superintendence  and  the 
like,  are  very  considerable.  The  general  arrangement 
of  factories,  the  facility  with  which  alterations  and  ad- 
ditions may  be  quickly  made,  the  facility  of  rapidly 
handling  material,  are  all  means  by  which  electric 
power  may  serve  to  reduce  indirect  expense. 

The  use  of  electricity  facilitates  new  metliods; 
sometimes  through  special  adaptations  of  the  electric 
motor,  and  sometimes  by  the  introduction  of  electro- 
magnets for  holding  or  lifting  and  sometimes  for  heat- 
ing. Electric  ovens,  electric  furnaces,  electric  welding 
of  various  sorts,  ])artieular!y  the  repair  of  small  de- 
fects on  large  castings,  are  a  few  of  the  opportunities 
for  great  economies.  The  ease  of  control  by  which 
definite  temperatures,  or  uniform  temperatures,  or  very 
high  temperatures  can  be  reached,  and  the  absence  of 
gases  of  combustion  are  among  the  reasons  why  elec- 
tric heating  is  increasing,  although  at  first  sight  the  cost 
may  appear  high. 
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FIG.    6 — STEAM    PER    KILOWATT-HOUR 

Curves  .'bowing  approximate  amounts  of  steam  required 
in  small  engines  in  manufacturing  plants  and  in  the  largesi 
central  stations  during  the  past  25  years. 

The  importance  of  electricity  in  industry  may  be 
summarized  as  follows  : — 

I — It  is  the  most  universal  and  advantageous  method  of 
applying   power   for  many  purposes. 

2 — The  introduction  of  the  electric  motor  into  industry 
has  show'n  a  very  remarkable  rate  of  increase,  and  a  very 
considerable  percentage  of  the  power  now  used  is  electric 
power. 

3 — The  actual  cost  of  electric  power  is  small  compared 
with  the  cost  of  labor  and  other  items  which  make  up  the 
total  cost  of  production. 

4 — Economically  the  greatest  advantage  of  electric  power 
may  be  in  the  reduction  of  the  cost  of  labor  or  in  the  in- 
crease of  output. 

5 — In  many  applications  electricity  has  led  to  changes  in 
methods  or  processes   which  have  been  highly  advantageous. 

6 — IClectricity,  therefore,  often  presents  new  possibilities 
in  manufacturing,  and  the  fundamental  problem  is  to  deter- 
mine how  established  methods  may  be  modified,  how  new 
processes  may  be  introduced,  how  new  economies  may  be 
secured,  by  the  right  use  of  electric  power. 

The  introduction  of  the  steam  engine  into  industry 
a  century  ago  was  not  an  incidental  step  by  which  ma- 
chines which  had  been  hand-operated  could  be  oper- 
ated by  mechanical  power,  but  this  power  available  in 
large  quantity  made  a  fundamental  change  in  industry. 
Likewise,  the  introduction  of  electric  power  is  not  a 
mere  incidental  feature  by  which  a  motor  replaces  an 
engine,  but  the  peculiar  quality  of  electric  service — the 
ease  and  flexii)ility  with  which  it  supplies  power,  light 
and  heat — renders  its  introduction  of  fundamental 
consequence  and  far-reaching  effect. 
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THE    REAL    PROBLEM    IN    APPLYING    ELECTRICITY 

The  real  problem  before  the  manufacturer  is  to 
ascertain  what  modifications  in  his  processes  and 
equipment  and  methods  will  secure  the  special  advan- 
tages which  electric  service  may  render  possible.  This 
is  not  a  simple  problem.  It  is  not  merely  the  question 
of  buying  a  ten  horse-power  motor  to  replace  a  ten 

horse-power  engine ;  it  is 
not  merely  to  substitute 
an  electric  heater  to  oper- 
ate in  the  same  way  that 
a  wasteful  steam  or  gas 
heater  has  operated.  The 
real  thing  to  determine  is 
what  superiority  can  be 
gained    in    new    methods 


which  can  he  introduced 
on  account  of  the  ability  to 
vary    the    .speed ;    to    do 

FIG.    7 — CENTR.\L    STATIONS    AND  '  -.1     i_    li  i      I       r. 

isoL.^TED  PLANTS  ^wav  With  belts  and  shaft- 

Increase  in  size  of  engines  ™g\  to  operate  by  means 
and  turbines  available  in  swingle  of  several  small  units,  in- 
units  tor  central  stations.     En-  . 

gines     driving     manufacturing  stead   of   a   single   engine  ; 

plants    must    remain   of    small  or  to  determine  the  better 
average  output.  , 

results    which    follow    the 

use  of  electric  heating  in  specific  cases. 

How  is  the  manufacturer  to  know  what  advan- 
tages are  p;:issible  through  the  general  use  of  electric 
power  and  to  find  out  what  apparatus  and  what  meth- 
ods to  employ  ? 

Three  things  are  essential.  First,  a  knowledge  of 
the  industry,  its  processes,  the  limitations  of  present 
methods,  tb.e  possibilities  for  improvement.  Often 
the  manufacturer  who  has  followed  certain  processes 
for  many  years  fails  to  realize  the  limitations  to  which 
he  has  become  accustomed,  and  the  opportunities  to 
overcome  the  difiiculties  and  handicaps  under  which  he 

has  worked.  Im- 
pro\-ements  often 
lie  in  new  and  un- 
suspected quart- 
ers. To  appre- 
hend them  re- 
quires  insight, 
imagination,  and 
constructive  abil- 
ity. It  often  re- 
quires the  break- 
ing awa\'  from 
methods  w  h  i  c  h 
are  old  and  well 
establishe  d: 
it  opens  a  field 
'for  careful  analysis  of  things  as  they  are  and  for  new 
ideas  as  to  what  may  be. 

A  second  essential  is  a  knowledge  of  electrical  ap- 
paratus, of  the  characteristics  of  motors  of  different 
types,  of  methods  of  control,  of   the  possibilities  of 
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FIG.  8 — MOTORS  DRIVEN  BY  CENTRAL 
STATION  POWER — REPLACING  ENGINES 
IN    NEW    HAVEN   AS    FOLLOWS  : — 

.48  Steam  engines,  av.  jo  hp ;  41  gas 
engines,  av.  17  hp;  total  89  engines, 
aggregating  2  600  hp. 


electricity  as  a  source  of  heat  when  applied  to  particu- 
lar cases. 

Third,  there  is  required  the  combination  of  the 
man  who  understands  the  industry  and  the  man  who  is 
an  electrical  engineer.  Engineering  of  a  high  order  is 
involved  in  the  analysis  of  the  processes  and  conditions 
involved  in  manufacture  and  of  the  application  of  those 
electrical  appliances  which  are  suited  to  bring  the  best 
results.  Often  the  solution  is  a  simple  one,  and  it  may 
appear  quite  obvious  when  it  is  in  operation,  but  it 
often  involves  the  highest  insight,  ability  and  courage 
to  find  what  is  the  simple  and  efficient  thing  and  then 
to  put  it  into  successful  operation. 

In  the  past  it  has  been  the  electrical  engineer  who 
has  taken  the  foremost  position  in  the  introduction  of 
electrical  apparatus;  he  has  made  a  study  of  the  con- 
ditions and  opportunities  afforded  in  different  indus- 
tries. Electric  companies  have  found  that,  in  order  to 
benefit  themselves  by  the  sale  of  electrical  apparatus, 
they  must  show  how  it  will  benefit  others  in  its  use. 
They  have  recognized  that  success  depends  upon  the 
value  of  electric  motors  to  those  who  use  them.  The 
object  has  been  to  find  out 
how  to  make  the  motor  most 
useful,  in  order  that  its  adop- 
tion may  be  general.  Hence, 
engineers  of  manufacturing 
companies  have  studied  the 
application  of  power  and  de- 
termined the  laenents  to  be 
derived  from  electric  power 
in  many  industries  ;  thev  have 
.-■ollected  vast  amounts  of  in- 
formation and  data,  both  gen- 
eral and  specific,  as  to  the 
power  requirements  of  all 
sorts  of  machinery  and  tools  ; 
they  have  made  a  study  of  \-arious  industries  and 
have  proposed  methods  which  have  resulted  in  notable 
economies.  In  many  cases  they  have  worked  in  con- 
junction with  L-entnil  stations,  many  of  which  give 
special  attention  to  the  industrial  uses  of  electricity. 
At  the  present  time  they  are  the  men  whose  knowledge 
and  experience  is  greatest  and  whose  assistance  should 
be  welcomed. 

APPLICATION  ENGINEERING. 

The  problem  before  the  manufacturer  is  not  an 
easy  one,  nor  is  it  a  simple  one.  The  introduction  of 
electricity  has  made  necessary  a  new  sort  of  engineer- 
ing—application engineering;  it  involves  a  study  of  re- 
quirements, methods  and  conditions,  and  of  the 
changes  which  electric  methods  make  possible. 

The  field  of  electric  application  is  new;  its  prob- 
lems have  not  yet  been  solved.  There  is  no  simple  an- 
swer to  the  question.  "How  shall  the  manufacturer  find 
out  how  to  use  electricity  to  best  advantage  ?"' 

It  is  of  first  importance    to    recognize    what    the 
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FIG.     9 — COST     OF     OPERAT- 
ING A    MOTOR 

Typical  case,  showing 
cost  of  current  and 
charge  for  interest,  re- 
pairs, etc.  The  last  item 
is  relatively  small. 
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problem  of  electricity  in  manufacturing  really  in- 
volves, and  to  take  the  attitude  of  mind  which  seeks 
to  find  ways  and  means  for  improvement  and  progress. 
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FIG.     10 — RFXATIVE    COSTS    PER    DAY    FOR    I.AHOR,    POWER,    IN'TEREST 
ON    COST    MOTOR   AND    LIGHT 

To  reduce  total  cost,  the  lesser  items  may  be  increased, 
if  a  reduction  in  labor  cost  can  'thereby  be  effected. 

The  man  is  rare  who  combines  a  knowledge  of  an  in- 
dustry, a  knowledge  of  electrical  engineering  and  the 
constructive  engineering  ability  to  determine  when 
new  methods  and  new  processes  may  be  advantage- 


ously introduced.  The  cultivation  and  development 
of  men  of  this  kind  is  of  far-reaching  importance  to 
our  industries.  Each  industry,  each  large  factory 
should  be  keen  to  find  among  its  own  men  those  who 
can  determine  new  and  useful  methods  and  apply  them 
in  practice.  They  nnist  co-operate  with  electrical  en- 
gineers and  there  must  be  an  increasing  number  of 
consulting  engineers  who  are  expert  as  application 
engineers. 

America  cannot  depend  in  the  future  upon 
cheap  material  and  high  tariff;  it  must  look  to  scien- 
tific methods  and  efilcient  processes.  Consider  for  a 
moment  the  changes  which  have  been  brought  about 
in  the  production  of  power.  At  first,  engines  similar 
to  those  which  drove  factories  were  belted  to  dynamos. 
Now  steam  turbines  of  fabulous  output  and  wonder- 
ful economy  supply  power  for  whole  districts.  Is  it 
too  much  to  anticipate  that  the  methods  of  applying 
and  using  power  may  change  almost  as  radically  as 
the  methods  of  its  production? 


New  Opportunities  for  Central  Stations 

A.    E.    RiCKARDS 

Industrial  Engineering  Company, 
Pittsburgh,  Pa. 

THE  PUBLIC  UTILITY  companies  and  the  in-  in  their  power  soliciting  departments.  One  reason  is 
(Instrial  enterprises  throughout  the  country  because  changes  can  be  made  in  this  department  with- 
have,  with  but  few  exceptions,  adopted  a  policy  out  disturbing  the  routine  of  the  daily  business.  It  is 
of  rigid  retrenchment.  Many  of  the  power  companies  the  easiest  way — but  it  is  doubtful  whether  it  is  the 
have  materially  reduced  their  new  business  organiza-  best  way.  Haven't  the  very  conditions  now  before  us 
tions ;  others  have  practically  ceased  trying  to  obtain  created  opportunities  that  should  be  taken  advantage 
new  business.  There  is  no  question  but  that  they  face 
a  difficult  situation.  The  present  chaos  of  business  has 
caused  a  decrease  in  their  revenue  and  has  also  made 
it  exceedingly  difficult  for  them  to  secure  the  new 
capital  so  necessary  to  a  live  company.  The  very  na- 
ture of  the  central  station  industry  is  such  that  the 
larger  the  amount  of  new  business  it  secures  the 
greater  its  need  for  new  capital.  In  fact,  a  progres- 
sive company  requires  a  constant  stream  of  new 
money  flowing  into  its  coffers,  and  companies  who 
cannot  obtain  it  must  virtually  stand  still. 

In  the  past  the  public  utilities  have  secured  tre- 
mendous sums  from  Europe.  The  war  has  cut  off 
this  source  of  supply.  Surely,  with  the  enterprise 
shown  by  the  power  coinjianies  in  the  past,  they  will 
find  a  way  of  meeting  the  new  financial  situation.  Why 
not  consider  the  method  of  securing  funds  used  so  suc- 
cessfully in  the  past  in  Europe — that  is  to  issue  secur- 
ities in  very  small  denominations  and  sell  them  to  the 
working  classes?  A  plan  of  this  kind  has  many  ad- 
vantages. For  instance,  the  weakness  of  many  utility 
companies  is  that  they  are  owned  by  outside  capital. 
Placing  a  quantity  of  its  securities  among  the  local 
working  classes  would  make  it  a  stronger  home  indus- 
try, and  in  a  measure  it  would  take  the  company  out 
of  politics. 

Regarding  retrenchment — many  of  the  power 
companies  in  their  efforts  to  economize  have  done  so 


of? 

There  are  three  reasons  why  the  power  companies 
should  now  solicit  the  industrial  power  user  with 
greater  energy  than  ever  before.  These  are  as  fol- 
lows : — 

I — More  power  customers  are  needed  to  fill  in  the  gap 
caused  by  the  heavy  shrinkage  in  the  gross  revenue. 

2 — The  high  cost  of  power  from  an  isolated  power  plant 
during  periods  of  minimum  production  makes  pur- 
chased power  particularly  advantageous. 

3— Today,  and  for  some  time  to  come,  the  manufacturer 
needs  and  will  need  all  of  his  available  credit  in  his 
business..  Ho  must  use  it  where  it  will  produce  the 
quickest  returns.  He  cannot  afford  to  use  up  his 
credit  in  power  plant  repairs  or  addition  . 

The  cost  of  power  from  an  isolated  plant  is  high 
during  periods  of  minimum  production,  because  the 
costs  for  labor,  maintenance  and  the  fixed  charges  are 
practically  the  same  regardless  of  the  load  conditions; 
also,  there  is  not  the  decrease  in  the  quantity  of  fuel 
and  water  consumed  that  one  would  expect  with  re- 
duced output,  because  of  the  lowering  of  the  operating 
efficiencies.  The  firemen  also  often  keep  the  same 
niniibcr  of  boilers  in  operation,  regardless  of  the  load, 
thus  still  further  reducing  the  efficiency. 

The  constant  cost  for  power,  irrespective  of  pro- 
duction, can  be  illustrated  best  by  citing  the  case  of  a 
coal  mine.  Table  I  shows  the  operating  cost  of  power 
during  the  years  1913  and  1914  of  a  coal  mine  located 
in  the  Pitt.sburgh  district.  The  costs  given  are  oper- 
ating  costs   only  (expense    for  labor,  fuel,  water  and 
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maintenance)    and   do   not   include   tlie  fixed   charges 
upon  the  investment. 

The  chart  shown  in  Fig.  i,  made  up  from  Table 
I,  shows  graphically  the  fluctuations  in  the  operating 
cost  of  power  with  the  production.  If  this  company 
purchased  power  the  curve  showing  the  cost  per  ton 
of  coal  mined  would  be  more  of  a  straight  line;  the 


answer  is  not,  as  many  people  believe,  that  it  borrows 
because  it  is  hard  up,  and  should  pay  ofif  its  debts  just 
as  soon  as  possible,  the  same  as  a  man  with  a  mort- 
gage upon  his  home.  Credit  is  as  necessary  to  a  pro- 
gressive corporation  as  raw  material.  Of  the  funds 
used  by  them  at  least  50  percent  is  borrowed  capital. 
Borrowing  is  the  cheapest  method  of  raising  funds. 
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curve  showing  the  cost  per  month  would  be  more  ir- 
regular and,  in  general,  would  follow  the  line  of  pro- 
duction, thus  effecting  a  material   saving. 

TABLE  I— POWER  COSTS  IS  A  CO.\L  MINE  FOR  1913-14. 


Month 


Tons  Coal 
Mined  per  Month 


Operating  Cost  of  Power 

Total  per  Month    Per  Ton  Coci!  Mined 
Dollars  Cents 


1913 

January 

Febnjaiy 

March 

.\pril 

May. 

June 

July. 

August 

September.. . , . 

October 

November. . . . 
December 

1914 

January 

February. 

March 

April 

May 

June 

July 

August 

September. . . . 

October 

November 


35  200 

30  9S0 
35S0O 
35  780 
37  500 
32  950 
35  580 
34  440 

31  500 

32  100 
27  600 
19  700 


1382 
1  366 
I  395 
1  399 
1400 
1310 
1380 
1  355 
1  300 
1  314 
1  282 
1219 


21600 

1292 

23  300 

1156 

32  300 

1  186 

26  709 

1  198 

18  200 

1054 

IS  350 

1  076 

17  930 

10.55 

20  700 

1058 

19  380 

1003 

18  500 

1  036 

18  000 

1  080 

These  features  are  not  peculiar  to  coal  mining — 
they  apply  to  many  industries.  An  analysis  of  the 
operating  cost  per  month  upon  a  unit  of  production 
basis  will  bring  out  the  facts.  Economies  of  this  kind 
will  certainly  appeal  to  the  manufacturer  during  this 
period  of  retrenchment. 

A  manufacturer's  credit  has  a  most  important 
bearing  upon  his  purchasing  power.  With  the  present 
difficulty  of  securing  funds,  the  manufacturer  cannot 
afford  to  tie  up  his  capital  in  power  plant  equipment. 
Those  that  do  so  are  using  up  their  credit  in  the  non- 
productive end  of  their  business.  Some  may  ask — 
"Why  should  a  corporation  borrow  funds  at  all  ?"  The 


Therefore,  a  successful  corporation  will  borrow  as 
much  as  it  can  within  the  limits  of  safety.  For  a 
corporation  to  be  out  of  debt  is  a  sign  that  it  is  either 
mismanaged  or  it  is  in  a  dangerous  position. 

To  illustrate  the  value  of  credit,  suppose  that  a 
manufacturer  needs  Siooooo  to  carry  on  his  business 
and  that  he  will  be  able  to  produce  a  net  income  of 
$6ooo.  If  he  raises  the  whole  of  the  $100000  by  is- 
suing stock  he  will  be  able  to  pay  a  dividend  of  only 
six  percent.  Now  suppose  that  instead  of  doing  this, 
he  raises  S50  000  by  issuing  five  percent  bonds,  bor- 
rows $5  000  from  the  bank  at  five  percent  and  secures 
a  credit  of  $10000  with  the  people  from  whom  he  pur- 
chases goods.  He  has  then  raised  $65  000  and  will 
need  to  dispose  of  only  $35  000  worth  of  stock  to  raise 
a  total  capital  of  $100000.  The  interest  upon  the 
bonds  and  on  the  borrowed  capital  will  be  $2  750.  De- 
ducting this  from  the  $6  000  will  leave  a  net  income  of 
$3  250.  Hence,  instead  of  earning  a  dividend  of  six 
percent  upon  $100000  he  has  earned  a  dividend  of  9.2 
percent  upon  the  S35  000  worth  of  stock  issued.  The 
average  corporation  can  usually  borrow  from  70  to  80 
percent  of  its  quick  assets.  On  buildings  and  machin- 
ery it  is  seldom  that  they  can  borrow  more  than  25 
percent  of  their  appraised  value.  Surely  the  manufac- 
turer who  spends  money  now  upon  a  power  plant  is 
using  up  his  credit.  Think  how  many  more  times  he 
can  turn  the  money  over  if  it  is  invested  in  quick  assets. 
The  greater  the  number  of  times  the  capital  is  turned 
over  the  larger  the  dividends. 

Purchased  power  fulfills  two  wants  badly  needed 
at  this  time — it  helps  the  manufacturer  to  economize 
and  also  allows  him  greater  credit.  Doesn't  it  seem 
that  the  central  stations  need  aggressive  power  sales 
organizations  now  more  than  ever? 


Economy  in  the  Manufacture  of  Cane  Sugar 

w  I  Til  i':i.iu;rku;Ai.i.\'-(  )i'i':K.\ri-:i)  .mills 

WuM  S.  Scott 

General  Engineer, 

W'eslinghfiuse  Electric  e?  Mfg.  Company 

SUCiAR  is  raindl}-  becoming  recognized  as  one  of  taclicd  from  the  cane  are  separated.     This  liber  is  re- 

the  most  essential  ingredients  in  our  modern  turned  by  a  continuous  process  to  the  mills.    I'roni  the 

(het,  being  included  in  the  regular  rations  of  all  last  mill,  the  crushed  cane  or  bagasse  which  is  now  a 

modern   armies  and  labor  camps.     The  a-^erage  con-  by-jiroduct   is   conveyed   to   the   furnaces   where,   in   a 

sumption  in  the  United    States    per    capita    is    nearly  properly   e([uipped   mill,    it    furnishes   all   the    fuel   re- 

a   quarter   pound   daily.     -\1  (piired  for  liring  the  boilers. 
[                                              the  i)resent  rate  of  increase,  The   raw   juice    from    the    mills,    after    passing 

the  consumption  will  amount  through  the  strainer,  flows  into  tanks  called  alkalizers, 

to  one-half  pound  daily  per  where  sufficient  milk  of  lime  is  added  to  neutralize  its 

capita  in  the  next  ten  years,  acidity.     The  alkalizers  are  provided  with  agitators  in 

Sugar  cane  is  essentially  a  the  form  of  propellers  or  paddles  for  obtaining  a  thor- 

Iropical  plant  of   the  peren-  ough  mixture  of  lime  witli  the  juice.     After  alkaliza- 

nial  group.     In  Cuba  its  life  tion,   the   juice   is   pumped   through   closed   coil   juice 
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is  at  least  IJxe  _\'ears,  and  in 
certain  parts  of  the  island, 
where  the  soil  has  never 
been  culti\ated,  it  will  have 
a  life  of  fifteen  years  with- 
out replanting.  Its  compo- 
sition \aries,  depending  upon  the  species,  soil,  climate 
and  the  time  of  the  year.  The  principal  constituents 
are  water,  6y  to  75  percent:  sucrose  (sugar),  7  to  20 
percent;  fil)er,  8  to  15  [jercent. 

The  cane  is  cut  entireU'  by  hand,  with  machetes 


heaters  (where  it  is  lieated  to  about  200  degrees  F.) 
into  open  tanks  called  "defecators,"  where  it  is  further 
heated  by  means  of  coils  placed  in  the  bottom  of  the 
tanks  to  a  temperature  slightly  above  boiling  point. 
The  lime  which  is  mixed  with  the  juice  forms  insol- 
uble compounds,  and  the  heat  coagulates  the  album- 
inous matter,  forming  a  flocculent  precipitate,  [lart  of 
which  rises  to  the  surface  to  form  a  scum  and  part 
settling  to  tl;e  bottom.  Between  these  two  layers  of 
impurities  is  the  bulk  of  the  juice,  clear  and  trans- 
parent, which  is  drawn  off  from  the  defecators  vmtil 


or  cutlasses,  and  is  carried  to  carts  which  convey  it  Hie  floating  scum  almost  rests  upon  the  heavy  precipi- 
tate in  the  bottom  of  the  tank.  This  precipitate,  (a 
mud  termed  "cachaza" )  is  thinned  down  with  water 
and  pumped  through  a  filter  press,  which  removes  the 
diluted  juice.  The  filtered  juice  is  returned  to  the 
system,  mixing  with  the  defecated  juice:  the  I'esidue 
from  the  filter  press,  termed  the  filter  press  cake,  is 
very  rich  in  nitrogen  and  phosphates  and  consequently 
is  used  to  advantage  as  a  fertilizer. 

From  the  defecators,  the  juice  containing  about 
14  percent  solids  in  solution,  flows  into  a  com- 
mon receiving  tank  from  which  it  is  pumped  to  the 
evaporators  where,  in  a  first  class  system,  about  89 
percent  of  the  water,  will  be  evaporated.  The  evapora- 
tors consist  of  two  or  more  vessels  so  arranged  that 
boiling  may  be  done  under  reduced  pressure,  and  in 
most  cases,  in  a  vacuum.  The  evajiorators  are  of  the 
closed  type  with  heating  coils  in  the  bottom  around 
which  the  juice  flows  in  a  definite  path,  passing  in  a 
continuous  stream  from  one  vessel  to  the  other.  .Steam 
;it  from  four  to  eight  pounds  gage  pressure  is  used  in 
the  heating  coil  of  the  first  vessel ;  the  vapor  from  the 
first   vessel   enters  tlic    heating  coils    of    the    second 


either  directly  to  the  mill  or  to  a  railway  where  it  is 
loaded  into  cane  cars,  conveyed  to  the  mill  and  there 
unloaded,  either  by  means  of  a  crane  or  by  a  car- 
tilting  platform. 

MANUFACTURING 

The  process  of  maitufacture  can  be  followed  by 
reference  to  Figs.  2  and  3.  The  cane  is  unloaded  into 
a  large  bin,  the  bottom  of  which  forms  a  part  of  a 
conveyor,  called  the  feeder  conductor.  From  here  it 
is  elevated  and  delivered  to  the  cane  carrier  supplying 
the  crushing  plant  with  cane. 

The  crushing  plant  has  for  its  purpose  the  crush- 
ing of  the  juice  from  the  cane:  it  consists  of  a  crusher 
and  a  set  of  rolls,  each  set  of  rolls  being  called  a  mill. 
The  cane  is  delivered  from  the  cane  carrier  to  a  short 
inclined  chute  terminating  at  a  crusher  provided  with 
two  heavily  corrugated  rolls  of  sizes  varying  from  24 
by  60  inches  to  36  by  84  inches.  From  tlie  crusher, 
the  cane  is  conveyed  to  the  first  mill,  and  in  succession 
passes  through  all  the  mills,  usually  from  four  to  six 
in  number,  each  having  three  rolls,  the  lengths  of 
which  arc  the  same  as  the  crusher,  but  of  diameters 
varying  from  24  to  36  inches.  The  mills  are  located  vessel,  and  the  vapor  from  the  second  vessel  enters  the 
one  beliind  the  other  and  are  connected  by  conveyors,      heating  coils  of  the  third  vessel,  and  so  on.     That  is 

At  each  set  of  rolls,  a  definite  amount  of  juice  is  to  say,  the  juice  in  the  first  vessel  is  concentrated  a 
extracted  which  flows  by  gravity  to  a  strainer  where  certain  degree  by  the  application  of  heat  from  steam 
the  small  particles  of  fiber    which    have    become    de-     obtained  from  an  outside  source:  in  the  second  vessel 
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by  heat  from  the  first,  etc.     This  is  made  possible  by  "bringing  up    to    strike."*      tlranulation    is    effected 

condensing  the  vapor  obtained   from   the  last  vessel,  by   forming  in   the  vacuum  pan   a   solution   of   sugar 

producing  a  vacuum   which   lowers   the  boiling  pres-  saturated  at  a  given  temperature,  and  then  by  caus- 

sure  in  each  vessel  below  that  corresponding  to  the  ing  the  temperature  to  fall,  producing  crystals  from 

temperature  of  the  vapor  in  that  vessel.     In  the  case  which    the    grain    is    formed.      The    drop    in    tem- 

of  a  quintuple  effect  evaporator  with  the  juice  heated  perature   may   be   produced   either   by   increasing   the 


KIC.    I — TYPICAL    .STEAM-DRIVEN    SUGAR    MILLS 

The  mill  at  the  right  is  shown  in  operation  while  that  at   the   left    is    stationary.      The    huge   gears    and   gear    teeth 
shown   indicate  the  enormous  torque   required   in   the   extraction  of  the  juice  from  the  cane. 


in  the  first  vessel  at  eight  pounds  pressure,  the  juice 
will  boil  in  the  first  vessel  at  eight  pounds  pressure : 
in  the  second  at  one  pound ;  in  the  third  at  seven  inches 
\'acuum;  in  the  fourth  at  16  inches;  and  in  the  fifth 
at  2/  inches. 

The  juice  after  being  concentrated  in  the  evapora- 
tors emerges  as  a  thick  syrup,  containing  about  60  per- 
cent solids  in  solution.  This  syrup  is  pumped  into  a 
storage  tank  from  which  it  is  drawn  into  a  vacuum 
pan  where  further  concentration  takes  place  by  the 
evaporation  of  approximately  10  percent  of  the  orig- 


vacuum,  shutting  oft'  the  supply  of  steam  for  boiling, 
or  introducing  a  quantity  of  cold  syrup  in  the  pan. 
Growing  of  the  crystals  is  accomplished  by  feeding  the 
grain  with  charges  of  syrup,  the  object  being  to  de- 
posit the  sugar,  which  now  separates,  on  the  crystals 
already  formed  and  not  to  allow  it  to  form  new 
crystals  of  "false  grain"  or  "dust."  Great  skill  is  re- 
quired in  this  part  of  the  process  in  avoiding  the  oc- 
curance  of  a  second  crop  of  crystals.  After  the  pan 
is  full  of  syrup  and  the  crystals  have  been  built  up  to 
the  required  size,  the  temperature  is  gradually  raised 


FIG.   2 — DIAGRAM    OF  FLOW   OF  JUICE   AND  REFUSE 

This  indicates  the  complete  passage  of  the  cane  from  the 
field  to  the  sacking  machine  and  the   furnace. 


inal  amount  of  water  in  the  syrup  from  the  de- 
fecators, leaving  a  mass  containing  about  75  per- 
cent solids.  It  is  in  the  vacuum  pa:i  that  the  crys- 
talline or  granulated  sugar  is  first  formed.  The  actual 
process  of  boiling  may  be  divided  into  three  stages: 
the  granulation,  the  growing  of  the  crystals,  and  the 


To  Gmdctner 

FIG.  3 — DIAGRAM   OF  FLOW  OF  STEAM    AND  W'ATER 

Indicating  the  complete  processes  of  pumping,  heating, 
steam  generation  and  the  subsequent  utilization  of  steam  and 
water. 

by  decreasing  the  vacuum  until  the  striking  point  is 
reached,  at  which  point  the  concentrated  mass,  ordin- 
arily called  "masse  cuite,"  is  discharged  from  the  pan. 


*The  striking  point  is  the  completion  of  the  process,  at 
which  point  the  material,  soinetimcs  referred  to  as  the  "strike," 
is  emptied  or  struck  off  from  the  vacuum  pan. 
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When  the  grained  masse  cuite  leaves  the  vacuum 
pan,  a  portion  of  the  sugar  is  present  as  crystals  and 
a  portion  in  solution.  On  cooling,  the  sugar  in  solu- 
tion is  deposited.  If  cooled  at  rest,  new  fine  grain  is 
formed  which  can  not  be  recovered  in  the  subsequent 
process,  but  if  cooled  in  motion,  the  crystals  present 


FIG.    4 — A    NINE-ROLLER    MILL    AND    CRUSHER 

are  continuously  brought  in  contact  with  fresh  por- 
tions of  the  sugar  in  solution,  and  the  sugar  that  is  de- 
posited forms  on  the  crystals  initially  present.  The 
machines  for  accomplishing  this  purpose  are  called 
"crystallizers,"  and  are  nothing  more  or  less  than  large 
tanks  equipped  with  agitators  of  various  shapes  for 
keeping  the  liquid  continuously  in  slow  motion. 

From  the  crystallizers  the  masse  cuite  enters  the 
centrifugal  machines  which  separate  the  molasses 
from  the  sugar.  The  centrifugal  consists  of  a  per- 
forated metal  basket,  about  40  inches  in  diameter 
by  20  inches  deep.  This  basket  is  suspended  in  a  sta- 
tionary enclosing  vessel  by  a  shaft  attached  to  the  bot- 
tom of  the  basket  and  normally  operates  at  a  speed  of 
from  I  000  to  I  200  r.p.m.  A  charge  of  masse  cuite 
is  placed  in  the  backet  and  brought  up  to  speed,  caus- 
ing the  contents  to  be  thrown  outward  by  centrifugal 
force,  the  molasses  being  thrown  off  through  the  per- 


FK..  5 — .MOTOR  INSTALLATION   FOR  THE  FIRST   Mill. 

The  large  gear  shown  in  the  foreground  on  the  roll  shaft 
operates  at  a  maximum  speed  of  2.3  r.p.m.  Three  gear  re- 
ductions are  made  from  the  rolls  to  the  motor.  Gear  ratio 
9.1;  pitch  diameter  of  gear  01.02  inches;  pitch  diameter  of 
pinion  lo.l  inches.  This  view  shows  tlie  manner  of  installinc; 
the  motor  so  as  to  retain  the  engine  in  place. 

forations.  The  molasses  is  drained  from  the  enclosing 
vessel  and  pumped  to  a  storage  tank.  Just  before 
stopping  the  centrifugal,  the  molasses  drain  pipe   is 


closed.  When  brought  to  rest,  a  cover  in  the  bottom 
of  the  basket  is  raised,  providing  an  opening  for  dis- 
charging the  sugar.  The  sugar  thus  obtained  is  the 
first  grade  brown  granulated  sugar. 

The  molasses  from  the  first  centrifugal  contains 
uncrystallized  sugar  and  sugar  in  solution.  In  order 
to  recover  this  sugar,  the  molasses  is  run  from  the 
storage  tank  into  a  purifier  where  it  is  heated  with 
steam  at  about  90  lbs.  pressure  causing  many  of  the 
impurities  to  separate  from  the  molasses,  forming  a 
scum  on  top,  which  is  removed.  The  molasses  is  then 
put  through  the  same  process  as  the  original  syrup 
coming  from  the  evaporators  but  in  separate  vacuum 
pans,  crystallizers  and  centrifugals.  The  sugar  thus 
obtained  from  the  first  molasses  is  called  second  grade 
sugar,  and  is  either  sold  as  second  grade  or  is  con- 
verted into  first  sugar.  The  reason  for  its  being  sec- 
ond sugar  is  due  to  a  large  amount  of  the  heavy  sec- 
ond grade  molasses  sticking  to  the  crystals.     For  ob- 


FIG.   6 — FRONT  VIEW  OF  THE   FIRST    MILL   AND    MOTOR 

taining  a  first  grade  product,  the  second  sugar 
is  washed  with  first  molasses  in  an  agitator,  the  mi.x- 
turc  thus  obtained  being  sent  tO'  the  first  centrifugals 
from  which  first  sugar  and  first  molasses  are  obtained. 
The  molasses  from  the  second  centrifugals  may  be  sent 
through  a  similar  process  as  the  first  molasses,  produc- 
ing a  third  grade  sugar,  but  usually  this  is  not  done, 
as  the  second  molasses  has  a  value  as  a  by-product, 
i)eiiig  used  extensively  as  cattle  food  or  distilled  for 
the  alcohol  which  it  contains. 

Many  of  the  cane  sugar  factories  operate  refineries 
in  connection  with  the  production  of  the  usual  grade 
of  brown  sugar,  for  obtaining  the  standard  white 
granulated  sugar  now  universally  used.  Briefly  this 
process  is  as  follows : —  The  brown  sugar  from  the 
centrifugal  is  mixed  with  distilled  water,  forming  a 
syrup  which  is  purified  by  heating  with  high  pressure 
steam,  in  a  manner  similar  to  the  first  molasses,  and  is 
bleached  by  passing  sulphur  dioxide  through  the  mi.x- 
ture.  The  sulphur  dioxide  also  causes  a  precipitate  of 
certain  impurities  which  arc  filtered  off  in  a  bag  or 
stocking  filter.  The  syrup  next  passes  through  a  char- 
coal filter  which  removes  most  of  the  remaining  im- 
purities, after  which  it  is  passed  through  the  vacuum 
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pans  and  then  directly  into  the  centrifugals.  In  these 
centrifugals  the  sugar  is  washed  with  distilled  water 
while  the  centrifugal  is  in  motion.  The  sugar  thus  ob- 
tained is  conveyed  to  a  granulator,  in  other  words  a 
rotary  dryer,  where  it  is  thoroughly  dried  ready  for 
sacking.  This  is  the  first  grade  refined  granulated 
sugar. 

The  molasses  from  the  first  grade  sugar,  contain- 
ing the  impurities  which  the  several  purifiers  and  fil- 
ters failed  to  remove,  is  subjected  to  a  further  purify- 
ing process,  after  which  it  is  again  sent  to  the  vacuum 
pans  and  then  to  centrifugals,  producing  a  second 
grade  refined  granulated  sugar.  The  molasses  from 
the  second  grade  sugar  is  mixed  with  the  brown  sugar 
syrup  coming  from  the  evaporators. 

ELECTRICITY  IN  THE  SUGAR   MILL 

The  first  cane  sugar  mill  to  be  completely  electri- 
fied was  Central  Amistad,  Guines,  Cuba,  placed  in  op- 
eration December,  1913.    A  number  of  mills  had  been 


FIG.    7 — MOTOR    INSTALLATION    FOR    THIRD    MILL 

■Jhc   vertical   type   walking  beam   engine    shown    was   used 
formerly  for  driving  this  mill. 

partly  electrified,  but  there  are  no  instances  on  record 
where  electric  motors  have  been  applied  to  roller  mills 
of  medium  or  large  sizes  prior  to  this  time,  although 
there  have  been  several  miscellaneous  applications  of 
motors  to  small  mills. 

The  driving  of  the  rolls  in  a  cane  sugar  factory 
had  been  looked  upon  as  a  steam  engine  proposition 
ever  since  the  inception  of  mechanical  drive,  primarily 
due  to  the  fact  that  a  vast  quantity  of  exhaust  steam 
may  be  used  for  heating,  evaporating  and  boiling  the 
juices ;  hence  it  was  generally  considered  that  the 
engines  took  the  place  of  reducing  valves,  and  in  addi- 
tion the  power  required  for  driving  the  mill  was  ob- 
tained at  almost  no  cost  in  the  transaction.  This 
opinion  has  been  held  by  many  prominent  sugar  mill 
engineers  who  repeatedly  have  made  statements  to  the 
efifect  that  economy  is  to  be  effected  only  by  increasing 
the  efficiency  of  the  evaporating  system,  and  that  noth- 
ing is  to  be  gained  by  the  use  of  an  economical  power 
equipment. 

When  it  was  first  proposed  to  electrify  the  roller 
mills   at   Central    Amistad,    manv    mill    owners    and 


engineers  regarded  it  as  a  foolhardy  proposition.  The 
statement  was  openly  made  that  it  was  impossible  to 
operate  the  roller  mills  in  a  satisfactory  manner  with 
motors.  It  was  also  stated  that,  even  if  the  motors 
proved  satisfactory  from  an  operating  standpoint,  the 


FIG.   8 — MOTOR  INST.\LLATION   FOR   SIXTH    MILL 

This  mill  was  an  addition  to  the  former  grinding  plant, 
and  was  installed  for  motor  drive,  hence  a  much  more  com- 
pact arrangement  was  permissible.  The  master  controller  and 
standard  for  speed  indicator  and  wattmeter  shown  are  typical 
for  each  mill  and  crusher.  The  normal  full-load  speed  of  the 
motor  is  435  r.p.m. ;  of  the  motor  gear  59.1;  of  the  interme- 
diate gear  ij ;  of  the  first  gear  on  the  rolls  2.6, 

increased  cost  of  operation  would  make  their  use 
prohibitive.  However,  the  mill  was  completely  elec- 
trified, and  the  operating  data  for  the  past  grinding 
season,  as  given  below,  indicates  that  the  reasons  for 
electrification  were  not  based  upon  guess  work: — 

I — Operating  expenses  decreased  $40  oco  due  to  the  al- 
most entire  elimination  of  the  fuel  bill. 

2 — Maintenance  charge  decreased  $20000. 

3 — Production  increased  10  percent  due  to  the  increased 
amount  of  maceration.* 

4 — Greater  ease  of  operation  and  flexibility  of  control. 

5 — Increased  reliability  of  service. 

The  manner  in  which  these  results  were  ol^tained 
is  briefly  explained  below.  Centra!  Amistad,  which  is 
considered  somewhat  larger  than  the  average  mill,  was 


III,,    y       l.L;;i..,;,ij    AIK    PU.Ml'o    UsbU    ON     IHt    EVAPORATORS 
AND   VACUUM    PANS 

Each  pump  is  driven  by  a  200  horse-power  motor.  The 
manner  of  mounting  the  auto-starter  on  the  cast  iron  pedestal 
is  typical  of  the  entire  installation.  The  feed  wires  are  run 
underground  in  conduit,  to  a  three-pole  fused  knife  switch 
mounted  in  the  pedestal  cabinet,  with  the  auto-starter  mounted 
on  the  back.  With  this  arrangement,  the  auto-starter  may  be 
located  in  the  place  most  convenient  for  the  operator. 


*The  process  of  spraying  the  cane   with   water.     To  be 
explained  later. 
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designed  for  a  capacity  of  2  200  tons  of  cane  per  24 
hours,  corresponding  to  an  output  of  ajiproximately 
550000  pounds  of  sugar.  The  grinding  plant  consists 
of  one  28  by  78  inch  crusher  and  six  34  by  78  inch 
roller  mills.  Each  mill  and  crusher  was  driven  form- 
erly by  a  separate  engine.  Part  of  the  engines  were  of 
the  horizontal  type,  and  part  of  the  vertical  walking 
beam  type.     With  rolls  oi)crating  at  fruni  two  to  three 


at   the   speeds   desired.      Reversing   switches   are   pro- 
vided in  the  primary  circuit. 

Each  motor  is  operated  by  a  drum  type  master  con- 
troller, placed  at  a  convenient  point  for  observing  the 
ojieration  of  the  mills.  Directly  back  of  each  master 
controller  is  a  pedestal  on  which  is  mounted  a  speed 
indicating  meter  and  an  indicating  wattmeter.  The 
ccmlnil    e(|uipnient    is   interlocked    and    arranged     for 


FIG.    10 — COMPLETED      POWER     PL.\NT     CONT.MNING    THREE 

Tlircc-phas>;,  si.xty  cycle,  .480  volts,  noii-condensi 


Ot 


5^  r.ji.ni.,  ikiuoie 
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r.p.m.  and  with  an  engine  speed 
reduction  gears  must  be  used. 

Type  of  Load — For  maximum  extraction,  with  a 
given  pressure,  the  rolls  should  operate  at  a  definite 
speed  depending  upon  the  fibre  contents  of  the  cane. 
If  the  first  mill  oj^erates  at  a  linear  speed  of  say  20 
feet  per  minute,  it  is  desirable  to  have  the  succeeding 
mills  turn  at  a  somewhat  higher  speed,  such  as  an  in- 
crease of  one  foot  per  minute  between  mills.  As  the 
grinding  season  i)rogresses,  the  fibre  contents  of  the 
cane  changes,  requiring  dififerent  relative  speeds  of  the 
mills,  in  order  to  operate  with  a  uniform  blanket  of 
bagasse. 

Motors  and  Control — To  the  crusher  and  each  of 
tiic  first  fi\c  mills  a  200  horse-power,  three-phase.  60 

T\HI  K   I-C.RINDING  PLANT   D.\T.V 


Mill 

Mill 

Mill 

Mill 

Mill 

Mill 

1 

\  I 

3 

4 

5 

6 

Size  of  rolls,  diain..  in 

35 

34 

33 

35 

Size  of  rollg.  wirlth.  in 

76 

7S 

78 

78 

78 

78 

78 

Speed,  ft.  permin.  when  dat;- 

was  taken 

33.7 

21.4 

21.9 

22.2 

23.8 

24  1 

24.4 

Tower  input,  max.  kw 

130 

\$0 

125 

140 

14C 

130 

200 

Power  input,  max.  hp 

174 

201 

157 

188 

188 

174 

205 

'    Power  input,  min.  kw 

no 

130 

105 

120 

120 

105 

195 

1    Power  input,  min.  hp 

1-18 

174 

141 

161 

17; 

141 

262 

i    Power  input,  averace  kw 

II.S 

140 

120 

135 

135 

120 

200 

}    Power  input,  avfraRc  hp 

154 

188 

lAI 

181 

181 

161 

282 

Morse-power  of  motor 

200 

200 

200 

200 

200 

200 

250 

1    Normal  speed  of  motor,  r.p.m. 

435 

435 

435 

435 

435 

435 

435 

I  000    KW,  80   PERCENT   POWER-FACTOR  TURDO-GEXERATORS 

ng  type,  pn  lbs.  initial  pressure,  9  lbs.  e.xbaust. 

automatic  acceleration  in  order  to  insure  proper  ac- 
celeration of  the  mills.  Inverse  time  element  over- 
load relays  are  used  for  tripping  the  primary  switches 
on  all  motors  in  case  of  an  o\erload  on  any  one.  Table 
I  gives  a  general  idea  of  the  ])ower  re(|uirements  over 
a  five  minute  period  while  grinding  under  a  certain 
condition  of  operation.  In  Table  II  the  data  pertain- 
ing to  the  herringbone  gears  also  is  given. 

ADVAXTAGES    OF    ELECTRIC    OKIVE 

The  electrified  power  plant  at  Central  Amistad 
consists  of  tliree  i  000  kw,  80  percent  power-factor 
turbo-generators,  non-condensing  type,  initial  steam 
])ressure  90  pounds,  exhaust  pressure  8  lbs.  gage.  These 
turbines  consume  30  pounds  of  steam  per  horse-power- 

T.\BLE  II-D.\T.\  L\  CONNF.CTIOX  WITH  HKRHI.\(;iiO\E  GEARS  AND 
PINIONS  AT  CENTRAL  AMISTAD. 


cycle,  440  volt  wound  secondary  motor  was  connected, 
each  operating  at  a  full-load  speed  of  433  r.p.m.  On 
the  last  mill  a  250  horse-power  motor  v.as  used.  The 
control  equipment  consists  of  magnetic  contactors  for 
both  primary  and  secondary  circuits.  A  suitable  num- 
ber of  switches  is  provided  in  the  secondary  circuit 
for  proper  acceleration  and  for  continuous  operation 


Crustier  Mill  1    Mill  2    Mill  3    Mill  4    Mill  5  I  Mill « 


Mnin  gear,  outside  diam.,  ii 
Main  gear,  piteh  diam..  in. 
Main  Rear,  numlier  teeth . . 

Main  gear,  width,  in 

Piri'on.  outside  dinm.,  in. . . 
I^ninii,  pitch  diam..  in. ... 

I'tniim.  number  teeth 

Pillion,  widtli,  in 

((far  ratio 

Normal  r.  p.  m.  geiir. . 


92. 
!)1 
184 
10 
10.' 

9.1 
19 
12 

9.1 
44.1 


92 


Normal  r.  p.  m.  pinion 435 

Pitch  line  speed,  ft.  per  min. . .  1080 
Horvc-powcr  rating  of  gears. . .    200 


92  72 
ill!  92 
184 

in 

10.90 

10  10 

20 

10 
9.20 

47.3 
435 
140 
200 


92.72 

91  92 
181 

10 

II  38 

10.58 

21 

10 
8.76 

49.7 
43.5 
193 
200 


92  72 
91.92 
\U 

10  t 
11.86| 

11  06 

22    ; 

10 

S.37I 

52.0 
435      I 
1250 
200 


92  72 

91.92 
1S4 

10 

12.34 

11.54 

23 

10 
S  90 

54  4 
433 
11310 
200 


92.72 

91.92 
184 

10 

12  82 

12  02 

24 

10 
7  66 

56  8 
435 
1370 
200 


92  72 

91 .92; 

184 

12    ; 

13.30. 

12.50 

10 
7. 35 

59.1 : 

435 
14-20 
250 


hour,  as  compared  to  40  pounds  for  new  high  grade 
Corliss  engines  or  perhaps  50  pounds  for  an  old  en- 
gine, on  roller  mill  drive.  One  reason  that  the  steam 
consumption  of  roller  mill  engines  is  abnormally  high 
is  because  the  size  of  the  steam  cylinders  is  not  in 
]iroportion  to  the  amount  of  work  normally  done. 
These  engines  are  always  designed  with  the  cylind- 
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ers  sufficiently  large  so  that  if  the  steam  pressure 
should  drop  from  90  to  50  or  60  pounds,  the  engine 
would  be  able  to  carry  the  load;  consequently,  under 
normal  conditions,  high  efficiency  can  not  be  obtained. 
Before  electritication,  the  steam  consumed  by  the 
mill  engines,  pumps  and  miscellaneous  engines  in  the 
mill    amounted   to   approximately   90000   pounds   per 


W^^Sjc 


FIG.    II — I.N-JECTION    PUMPS    FOR   THE    LEBLANC    CONDENSER 

Each  pump  is  coupled  to  a  75  horse-power  motor. 

hour.  Since  electrification  the  steam  consumption  of 
the  turbines  supplying  all  the  power  to  the  mill  does 
not  exceed  65  000  pounds  per  hour.  Obviously,  it 
would  be  of  no  use  to  reduce  the  steam  consumption 
of  a  sugar  factory  from  90000  to  65  000  pounds  if  the 
evaporating  system  required  90  000  pounds  per  hour ; 
conversely  it  is  useless  to  increase  tlie  efficiency  of  the 
evaporating  system  from  90  000  to  65  000  pounds  if 


the  first  and  second  vessels,  and  after  the  installation 
of  this  equipment  are  using  exactly  as  much  fuel  as 
before,  exhausting  the  surplus  steam  to  the  atmos- 
phere. This  condition  is  due  to  the  fact  that  the  me- 
chanical load  with  their  present  method  of  drive  re- 
quires a  definite  number  of  pounds  of  steam  per  hour, 
which  cannot,  in  any  manner,  be  decreased  by  increas- 


FIG.    12 — A    GROUP    OF    CENTRIFUGAL    MACHINES    DRIVEN    BY    A    40 
HORSE-POWER   MOTOR 

A  much  smaller  motor  capacity  can  be  used  for  group 
drive  than  the  aggregate  capacity  for  the  same  size  machines, 
operating  over  the  same  cycle,  but  individually  driven.  The 
load  of  each  individual  machine  is  very  similar  to  that  of  a  fly- 
wheel with  ball  bearings,  requiring  the  maximum  torque  at  the 
instant  of  starting,  and  very  little  power  after  full  speed  has 
been  reached.  The  cycle  of  operation  is  often  such  that  within 
30_to  _6o  seconds  after  full  speed  has  been  reached,  the  ma- 
chine is  stopped.  In  case  of  group  drive,  with  from  six  to  ten 
centrifugals  per  group,  the  accelerating  peaks  are  smoothed 
out.  and  the  machines  operating  at  full  speed  help  to  acceler- 
ate those  just  starting. 

there  are  90000  pounds  available  per  hour  from  the 
steam  engines. 

There  are  many  sugar  manufacturers  who  have 
spent  large  sums  of  money  within  the  past  few  years, 
with  the  object  of  introducing  economies  in  evapora- 
tion, by  installing  quadruple  or  quintuple  effects 
(evaporators),  heating  the  juice  by  the  vapors  from 


FIG.    13 — A   BACK   GEARED    SQUIRREL-CAGE    MOTOR 

Driving  a  group  of  crystallizers  by  means  of  a  sprocket  chain. 

ing  the  efficiency  of  the  evaporating  system.  Under 
these  conditions  any  increased  economy  in  the  evapora- 
tion of  the  juice  simply  means  that  this  steam,  which 
already  has  passed  through  the  cylinders  of  the  en- 
gines cannot  all  be  used  and  that  the  surplus  must  be 
wasted  to  the  atmosphere.  Increasing  the  economy  of 
evaporation  is  time  and  money  uselessly  spent  unless 


FIG.    14 — A   TRIPLEX   PLUNGER   PUMP   FOR   SUPPLYING   THE 
HYDRAULIC  RAMS   UNDER  THE  CAR  DUMPER 

Under  one  edge  of  the  car  platform  are  several  vertical 
cylinders,  equipped  with  pistons  and  piston  rods,  the  latter 
being  attached  to  the  under  side  and  supporting  the  platform. 
Under  normal  conditions  the  cylinders  are  full  of  water  at 
which  time  the  platform  is  level  and  in  a  position  for  receiv- 
ing or  removing  the  cars.  The  tilting  is  accomplished  by  open- 
ing a  valve  in  the  cylinder  discharge  pipe,  allowing  the  water 
to  flow  gradually  from  the  cylinders. 

means  also  are  provided  for  decreasing  the  steam  re- 
quired by  the  machines  driving  the  mechanical  load, 
to  an  extent  not  in  excess  of  that  required  in  the  heat- 
ing and  evaporating  process;  or  in  other  words  when 
it  is  desired  to  economize  in  fuel  to  any  extent,  ma- 
chinery consuming  the  least  amount  of  steam  should 
be  installed,  and  the  heating  and  evaporating  system 
arranged  so  as  to  require  only  the  amount  of  exhaust 
steam  available. 


i8 


rHI:  hJ.LtJRlC  JULK.\.IJ. 


At  a  certain  central  in  Cuba,  an  installation  was 
made  two  years  ago,  very  similar  to  Central  Amistad, 
with  the  exception  that  it  is  completely  steam  driven. 
An  economical  evaporating  and  heating  system  had 
been  installed,  consisting  of  a  (|uadrupte  effect,  with 
arrangement  for  taking  the  vapor  from  the  first  vessel 
for  licating  the  juice.  With  this  arrangement  it  was 
found  that  no  economy  in  fuel  was  obtained  because 


FIG.   15 — MACEK.\riuX   I'UMl'S   SUPrl.VING  THE  W.\TER  FOR 
SPRAYING  OX  THE  CANE  AFTER  EACH    MH,I, 

The  water  used  for  maceration  is  the  coiulensate  ob- 
tained frotn  tlie  evaporators,  and  is  usually  at  boiling  temper- 
ature. The  textile  switches  mounted  on  the  pedestal  to  the 
left  are_^  used  for  the  control  of  the  motors. 

the  mill  engines,  pumps,  etc.,  consumed  a  definite 
amount  of  steam  regardless  of  the  system  of  evapora- 
tion, and  the  exhaust  steam  obtainable  from  these  en- 
gines greatly  exceeded  the  amount  required.  When 
this  central  was  visited  recent!}',  it  was  found  that  the 
piping  from'  the  first  vessel  of  the  quadruple  effect  to 
the  juice  heater  had  been  discomiected,  and  the  work 
was  being  done  entirely  with  exhaust  steam,  and  in 
spile  of  all  this,  a  large  amount  of  exhaust  steam  had 
to  be  exhausletl  tci  the  atmosphere  continuously. 

At  aTio.ther  central  approximately  $100000  was 
spent  last  .year  in  effecting  reforms  which  were  ex- 
pected to  result  in  great  economy.  There  were  in- 
stalled a  quadruple  effect  (20000  sq.  ft.  heating  sur- 
face) and  a  pre-evaporjitor  (8000  sq.  ft.  heating  sur- 
face) equivalent  to  a  quintuple  effect  with  a  total  of 
28000  sq.  ft.  of  heating  surface;  a  juice  heater  was 
also  erected  to  work  with  the  first  and  second  effects.  It 
was  not  considered  necessary  to  make  any  improve- 
ments in  the  power  apparatus,  hence  the  owner  of  this 
factory  was  very  much  chagrined  to  learn  that  the  fuel 
consumption  after  the  expenditure  of  the  $100000  was 
practically  the  same  as  before,  and  that  the  exhaust 
steam  saved  by  means  of  a  highly  efticient  evaporating 
.system  was  being  exhausted  to  the  atmosjihcrc  due  to 
the  fact  as  previously  mentioned  that  the  steam  con- 
sumption of  the  engines  and  pumps  was  practically  a 
constant  quantity.  Tiie  amount  of  steam  required  for 
evaporating,  heating  and  boiling  had  been  reduced, 
while  the  continuous  supply  available  from  the  engines 
remained  tl.e  same,  producing  a  surplus  which  could 
not  be  used.  As  soon  as  this  conditic)n  was  realized, 
the  first  vessel  of  the  (luintuple  effect  was  disconnected, 
and  the  juice  heated  directly  with  exhaust  steam.  This 


resulted  in  eliminating  the  amount  of  steam  exhausted 
to  the  atmosphere  but  defeated  the  purpose  for  which 
this  apparatus  was  installed,  i.e.,  greater  economy  of 
operation. 

There  are  many  schemes  for  evaporating  the 
juices,  producing  different  degrees  of  economy.  The 
greater  the  economy  effected,  the  more  expensive  is 
the  first  cost  ot  the  apparatus.  At  the  Amistad  mill, 
as  above  noted,  approximately  90000  pounds  of  steam 
was  required  per  hour  before  electrification.  In  re- 
moileling  the  plant,  the  amount  of  exhaust  steam  per 
hour  avail  ible  from  the  turbines  was  carefully  deter- 
mined, and  then,  and  not  until  then,  the  evaporating 
system  designed  which  would  require  only  the  amount 
of  steam  available  from  the  turbines.  By  this  pro- 
cedure, the  bagasse  from  the  cane  is  sufficient  to  fur- 
nish all  fuel  required  for  the  mirmal  operation  of  the 
mill,  in  consequence  of  which  the  fuel  bill  has  been  re- 
duced $40  000  per  season. 

With  steam-engine-driven  mills  and  crusher,  the 
services  of  one  engineer,  per  shift,  will  be  required  for 
each  engine.  Large  quantities  of  high  grade  oil  and 
packing  are  required.  At  the  end  of  the  grinding  sea- 
son the  engines  must  be  dismantled,  and  thoroughly 
greased  to  prevent  rusting.  A  most  careful  inspection 
for  flaws,  defects,  worn  parts,  leaky  valves  and  jiistons 
must  be  made,  and  all  defective  parts  repaired ;  occa- 
sionally the  cylinders  must  be  rebored.  At  the  begin- 
ning of  the  grinding  season,  the  engines  must  be  put 
togedier  and  given  a  limbering  up  for  a  few  days  in 
order  to  be  certain  that  everything  is  all  right. 

Compare  this  to  electric-motor-driven  rolls.  In 
the  first  place,  it  is  not  necessary  for  the  mill  motors 
to  be  under  the  constant  surveillance  of  an  electrician, 
in  which  case  the  same  electrician  who  looks  after  tlie 
entire  electrical  equipment  can  also  make  the  neces- 
sary inspection  of  the  mill  motors.  Experienced  help 
is  not  required  for  operating  and  controlling  the  mo- 


no.   16— FORCED    DRAFT   FANS    COUPLED   TO    SQUIRREL-CAGE    MOTORS 

One  outfit  is  used  for  each  battery  of  boilers. 

tors,  as  any  man  with  ordinary  intelligence,  after  one 
hour's  instruction  can  operate  the  motors  with  entire 
satisfaction.  The  expenditure  for  i)acking  is  entirely 
eliminated,  and  the  expenditure  for  oil  is  less  than 
one-tenth  of  the  amount  spent  for  the  steam  engine. 
.\t  the  end  of  the  grinding  season  all  that  is  rcijuired 
is  simply  to  place  a  moisture  proof  covering  on  the 
motor,  and  let  it  stand.    .\t  the  beginning  of  the  grind- 
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ing,  remove  the  covering,  blow  out  any  dust  which  may 
have  collected,  drain  the  old  oil  from  the  bearings,  fill 
the  bearings  with  fresh  oil.  and  the  electric  motor  is 
ready  to  start. 

The  cost  of  dismantling,  greasing,  repairing,  and 
re-erecting  the  engines,  plus  the  yearly  cost  of  oil  and 
packing  has  been  estimated  to  vary  from  75  cents  to 
one  dollar  per  ton  of  sugar.     At  Amistad,  the  saving 


FIG.    17 — TRIPLEX   PLUNGER   PUMPS   FOR   HANDLING   THE    MOLASSES 
FROM    THE    CENTRIFUGAL    MACHINES 

during  the  past  grinding  season  for  maintenance 
amounted  to  $20  000. 

In  Cuba,  the  grinding  season  begins  about  the 
middle  of  December  and  lasts  about  150  days,  during 
which  time  the  mills  must  operate  continuously,  day 
and  night.  Time  lost  due  to  lireakdowns  or  any  cause 
whatever,  cannot  be  made  up,  as  the  operating  season 
is  limited  by  the  rainy  season  which  makes  it  impos- 
sible to  cu:  the  cane  or  haul  it  from  the  fields  during 
the  rainy  period.  In  view  of  the  fact  that  the  electri- 
fication of  the  roller  mills  was  a  radical  departure  from 
the  customary  drive,  and  that  it  never  had  been  tried 
out,  the  owner  of  the  mill  insisted  upon  the  steam  en- 
gines being  retained  in  place  until  the  motors  demon- 
strated their  ability  to  operate  the  mills  in  as  satisfac- 
tory a  manner  as  had  been  done  in  the  past.  To  obtain 
the  speed  reduction  necessary  for  replacing  an  engine 
with  a  motor,  a  herringbone  gear  having  an  approxi- 
mate gear  ratio  of  ten  to  one  was  used.  To  connect 
the  motor  to  the  rolls  without  moving  the  engine  was 
not  a  difficult  proposition.  The  herringbone  gear  was 
mounted  on  the  crank  shaft,  and  the  connecting  rod 
disconnected  from  it.  A  pinion  shaft  was  installed  and 
extended  the  necessary  length  to  connect  to  the  motor. 
This  arrangement  did  not  present  as  neat  or  pleasing 
an  apearance  as  if  the  engines  had  been  removed. 
However,  at  the  end  of  the  past  grinding  season,  the 
engines  were  entirely  removed,  self-contained  gear 
case  and  bearings  supplied  for  the  herringbone  gears, 
and  the  motors  coupled  up  much  shorter  than  when 
first  installed. 

The  reversing  feature  of  the  motors  is  one  of  the 
manv  advantages  to  be  derived  by  electrification.  On 
several  occasions  pieces  of  railroad  iron  have  come  in 
with  the  cane,  and  were  discovered  when  dropped  from 
the  cane  carrier  into  the  chute  leading  to  the  crusher, 
not  in  time,  howe\er,  to  be  removed  by  liand   or  to 


have  stopped  an  engine,  but  on  a  signal  to  the  opera- 
tor, the  motor  was  reversed,  saving  the  crusher  from 
what  otherwise  would  have  been  an  inevitable  serious 
breakdown.  There  are  several  cases  on  record  where 
operators  have  fallen  or  been  drawn  into  the  mills  and 
crushed  to  death,  due  to  the  inability  of  the  engineers 
to  stop  the  engines  in  time.  While  such  an  accident 
has  not  occurred  at  the  Amistad  plant,  it  is  the  general 
impression  that  the  motors  could  be  stopped  in  time  to 
prevent  such  a  disaster. 

Table  III  gives  a  complete  list  of  motors  installed 
at  Central  Amistad.  The  size  of  the  motors  for  dif- 
ferent factories  will  vary,  depending  upon  local  condi- 
tions, size  and  type  of  machine  used,  etc.,  but  this  table 
probably  will  be  of  interest  in  showing  at  a  glance  the 
magnitude  of  the  electrification  of  a  cane  sugar  fac- 
tory. 

EXPL.\X.\TIOX  OF  IXCREASED  TRdDUCTION 

As  previously  stated,  for  maximum  extraction  the 
rolls  should  operate  at  a  definite  peripheral  speed,  de- 
pending upon  the  amount  of  fiber  in  the  cane.  Since 
the  quantity  of  cane  entering  the  mills  is  practically 
fixed,  the  question  arises  as  to  the  statement  made  that 
the  production  was  increased  ten  percent.  To  explain 
this  requires  a  description  of  another  process  used  in 
connection  with  the  crushing  plant. 

If  the  cane,  after  passing  through  one  of  the  mills, 
is  sprayed  with  water  and  then  recrushed,  an  addition- 
al extraction  is  obtained.  The  object  is  to  have  the 
water  mi.x  thoroughly  with  the  juice  in  the  cane,  dilut- 
ing the  juice  in  proportion  to  the  amount  of  water 
used.  This  process  of  spraying  water  on  the  cane  is 
termed  "maceration,"  and  when  used  is  employed  di- 
rectly after  each  mill,  not  including  the  last  set  of  rolls. 
The  bagasse  usually  consists  of  50  percent  fiber  and  50 
percent  juice.     If  the  juice  contains  two  percent  of 


FIG.    18 — CONnENS.^TE    PUMPS 

Tliese  pumps  receive  the  condensed  steam  from  the  heat- 
ing coils  of  each  of  the  vessels  of  the  evaporators.  The 
condensate  is  pumped  into  a  receiving  tank  from  which  tlie 
hoiler   feed   water   and   maceration   water   is   obtained. 

sugar  in  terms  of  the  total  weight  of  cane,  out  of  a 
possible  12  per  cent,  and  if  by  diluting  this  juice  with 
a  quantity  of  water  which  will  leave  but  one  percent  of 
sugar  in  the  bagasse  and  this  mixture  is  then  squeezed 
out  of  the  cane  imtil  the  bagasse  contains  but  50  per- 
cent moisture,  it  is  evident  that  the  production  has  been 
increased  to  percent. 

The  diluted  juice  obtained  when  employing  mac- 
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eration,  consists  of  the  juice  that  would  have  been  ex- 
tracted without  maceration,  plus  the  water  sprayed  on 
the  cane  which  has  diluted  the  juice  normally  contain- 
ed in  the  bagasse  after  passing  through  the  last  mill, 
thereby  increasing  the  total  amount  of  juice  extracted. 

All  mills  would  like  to  use  maceration,  but  there 
are  not  many  that  find  it  profitabale  to  do  so,  to  any 
great  extent,  since  all  of  the  water  sprayed  on  the  cane 
must  be  evaporated,  at  the  expense  of  additional  fuel. 
Maceration  could  be  profitably  used  in  most  mills  to  a 
certain  extent  even  with  the  purchase  of  fuel  for  the 
evaporation  of  the  additional  amount  of  water  used. 

At  Central  Amistad,  before  the  electrification,  it 
was  not  considered  ecomonical  to  use  more  than  three 
or  four  percent  maceration  (weight  of  water  in  terms 
of  weight  of  cane)  which  is  the  amount  ordinarily  used 

T/VBLE  m-A  TYPICAL  ELECTRICALLY  OPERATED  INSTALLATION 


Machine  Driven 


Numlicr  of  Hp  of     Total 
Machines     Each         Hp 


Type  of 
Motor 


Hyflraulic  pump  for  car  dumper 

Feeder  conductor 

Cane  carrier 

Crjsher 

Roller  mills  Nos.  1,  2,  3,  4,  5 

Roller  mill.  No.  5 

Maceration  piim[>3 

Juice  strainer  and  cu^h-cuah  elevator — 

l.imeinK  tank  or  alkaUiers 

Raw  juice  pumps 

Hot  juice  pumpa 

( 'achaza  pump 

('onde&Bale  pumpa 

Condenser  oiuipmcnt.  injection  pumpe. . 

Condenser  aiuipment,  air  pumps 

Meladura  or  Hyrup  pumpa 

Crystallisers.  group  No.  1 

Crystallizers,  group  No.  2 

Crystalliiers.  group  No.  3, 

Centrifugal  machines,  group  No.  1 

Centrifugal  machines,  group  No.  2 

(^entrifugal  ni.ichines,  group  No.  .1 

CenlrifuKal  m.icliine3.  group  No.  4 

Centrifugal  machines,  Individual 

Molaasos  pumps 

Bafpine  elevator 

Main  bagasse  conveyor 

Return  bagasse  conveyor 

Draft  fans  for  boilers 

Boiler  feed  pump 

General  service  pump 

Carpeiiter  shop 

Machine  shop 

Refinekt 

Agitators  or  mixing  tank.^ , 

CeotrifugaK  group  No.  1 

Centrifugals,  group  No.  2 

Granulator^ 

Condensing  equipment 


3 
2 
2 
1 
6 
2 
2 
2 

19 
7 

11 
8 


8 
8 
6 
1 
1 

8 
1 
1 
1 
1 

2 
10 
10 
3 
1 


6 

19 

15 

200 

200 

250 

S 

7^ 

3 

3S 

15 

5 

3 

75 

200 

10 


40 
5 
10 
30 
10 
5 
75 
15 
35 
20 


Total  horie-power. . 


5 
15 
15 

200 
1000 

250 
10 
15 
9 

70 
30 
5 
18 

150 

400 
20 
40 
20 
20 
30 
30 
40 
40 

320 
40 
10 
30 
10 
40 
75 
15 
35 
20 


40 
40 
15 
100 


Squirrel  cage 
Wound  rotor 
Wound  rotor 
Wound  rotor 
Wound  rotor 
Wound  rotor 
.'Squirrel  cage 
Squirrel  cage 
.Sf)uirre!  cage 
.Squirrel  cage 
Squirrel  cage  I 
S(iuirrcl  cage  i 
Sciuirrel  cage 
S(|uirrcl  cage 
S(|uirrel  cage , 
Squirrel  cjige  i 
Sfiuirrel  cage  | 
Squirrel  cage  t 
Squirrel  cage 
Squirrel  cage  | 
Squirrel  cage  | 
Squirrel  cage 
Squirrel  cage 
.Squirrel  cage 
ISquirrel  cage 
.Squirrel  cage 
W'ouud  rotor 
S^iuirrcl  cage 
Squirrel  cjige  . 
.S^iuirrel  cage 
.S«iuirrel  cage 
Squirrel  rage 
Squirrel  cage 

jSquirrel  cage 
;Squirrel  cage 
Squirrel  cage 
Sijuirrel  cage 
Squirrel  cage 
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in  most  mills.  Since  electrification,  from  30  to  40 
percent  maceration  is  used,  and  no  fuel  is  required 
other  than  that  furnished  by  the  bagasse.  This  addi- 
tional amount  of  maceration  results  in  an  increased 
production  of  sugar  amounting  to  approximately  10 
percent  without  any  additional  cost  whatever. 

ECONOMIES  IN   EVAPORATION 

The  possil/ilities  for  producing  economy  in  the 
amount  of  steam  required  in  a  sugar  house  is  best 
shown  by  the  following  evaporating  schemes.  The 
data  is  worked  up  for  a  mill  grinding  2  000  tons  of 
cane  per  24  hours.  The  exhaust  steam  obtainable 
from  a  steam-driven  factory  will  be  85  000  pounds  per 
hour,  while  the  exhaust  steam  obtainable  from  an 
electrically-driven  factory  of  the  same  capacity  will  be 
only  48  500  pounds  per  hour,  or  57  percent  of  that 
amount. 


In  the  sketches  illustrating  these  13  schemes, 
the  part  of  the  evaporators  below  the  heavy 
division  line  represents  the  heating  coils,  and  the  upper 
part  contains  the  vapor  from  the  juice.  Hence  the 
pipe  leading  from  the  top  of  one  vessel  and  entering 
the  bottom  of  another  represents  vapor  from  the  juice 


SCHEME    I- 


-EVAPORATINC    IN    DOUBLE    EFFECT    AND    HEATING    THE 
JUICE  WITH   LIVE  STEAM 


''^m'^m^m 


steam  consumption  per 
hour  in  kilograms. 
Live  Kxhaust 

Defecation 2500  

Scum   tanks    1000  

Juice    heater 8  000  

Double    effect 36  000 

N'acuuni    pan 10  000  


21  500  36  000 

Total   steam  required    (kg.) 57  600 

Exhaust   obtained   in   the   steam-driven    factory    (kg.) 38  760 

Exhaust  obtained  in  an  electrically  driven  factor}'  with  the 

same    capacity,    (kg.) .' 22  000 

In  this  case  almost  all  of  the  exhaust  produced  by  the 
engines  is  consumed  by  the  double  effect. 

SCHEME   2— EVAPORATING    IN    DOUBLE    EFFECT,    AND    HEATING    THE 
JUICE   WITH    EXHAUST   STEAM 


Steam  consumption  per 
hour  in  kilograms. 
Live  llxhaust 

Defecation    2  500  

Scum    tanks    1000  

Juice    heater 8  000 

Double    effect 36  000 

Vacuum    pan 10  000  


13  500  44  000 

Total    steam    required    (kg.) 57  500 

Exhaust  obtain'^d   in  the  steam-driven  factory    (kg.) 38  760 

Exliaust  obtained  in  an  electrically  driven  factory  with  the 

same   capacity,    (kg.) 22  000 

This  shows  that  the  exhaust  steam  produced  is  not  suffi- 
cient for  heating  and  evaporating,  and  about  5  240  kg.  of  live 
steam  will  have  to  be  added. 

SCHEME    3 — EVAPORATING    IN    TRIPLE    EFFECT    AND    HEATING    THE 
JUICE  WITH   LIVE  STEAM 


TVipkEOxl 

steam  consumption  per 
hour  in  kilograms. 
Live  Exhaust 

Defecation    2500  

Scum    tank.s    1000  

Juice    heater 8  000  

Triple   effect    24  000 

Vacuum   pan    6  500  4  600 


17  000  28  500 

Total    steam   required    (kg.) 45  500 

Exhaust  obtained  in  the  steam-driven  factory    (kg.) 38  760 

Exliaust  obtained  in  an  electrically  driven  factory  with  the 

same    capacity,    (kg.) 22  000 

It  could  be  claimed  that  instead  of  using  5  500  kg.  of  live 
steam,  and  4500  of  exhaust  in  the  vacuum  fan,  id  000  kg.  of 
exhaust  should  be  consumed  in  this  apparatus ;  but  as  the  con- 
sumption of  steam  for  grainins  is  not  regulnr,  in  practice  itis 
not  possible  to  work  only  with  exhaust,  unless  some  special 
arrangement  is  adopted. 
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in  one  vessel  used  for  heating  the  juice  in  another. 
The  heater  shown  in  the  sketches  is  for  heating  the 
juice  before  going  to  the  defecators.  In  some  cases, 
live  steam  is  used  in  the  heater,  and  in  others,  exhaust 
steam  or  vapor  from  the  first  vessel  of  the  evaporators. 


."schemes  i  to  9  represent  the  present  methods  of  util- 
izing the  exhaust  steam.  Schemes  10  to  13  indicate 
the  economies  made  possible  by  the  use  of  turbo-gen- 
erators ;  scheme  13  represents  the  most  economical  use 
of  steam  with  present  apparatus.- 


SCHEME  4 — EVAPORATING   IN  PLAIN  TRIPLE  EFFECT,  AND  HEATING  SCHEME    7 — EVAPORATING    IN    QUADRUPLE    EFFECT    AND    HEATING 
THE  JUICE  WITH  EXHAUST  STEAM  THE  JUICE  WITH   VAPORS  FROM  THE  FIRST  VESSEL 


Ai^An 


steam  consumption  per 
hour  in  kilograms. 
Live  Exhaust 

Defecation    2  500  

Scum    tanks    1000  

Juice  heater    S  000 

Triple   effect    24  000 

Vacuum   pan    5  500  4  500 


9  000  36  000 

Total    steam    required    (kg.) 4  5  500 

Exhaust   obtained   in   the  steam-driven   factory    (kg.) 38  760 

Exhaust  obtained  in  an  electrically  driven  factory  with  the 

same    capacity,    (kg-.) ." 22  000 

This  shows  tliere  will  be  need  of  exhausting  to  the  atmos- 
phere about  2260  kg.  of  steam  per  hour,  in  the  steam-driven 
mill.  This  scheme  represents  the  most  common  practice  in 
the  factories  in  Cuba. 

SCHEME    5 — EVAPORATING    IN    TRIPLE    EFFECT,    AND    HEATING    THE 
JUICE    WITH   VAPORS   FROM    THE   FIRST   VESSEL. 
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Tnple  Effect 


^mmmm^'^mmmmmwm 


steam  consumption  per 
hour  in  kilograms. 
Live  Exhaust 

Defecation    2  600  

Scum    tanks    1000  

Pre-evaporator    29  500 

Vacuum  pan    5  500  4  600 


9  000  34  000 

Total  steam  required    (kg.) 43  000 

Exhaust  obtained  in  the  steam-driven   factory    (kg.) 38  760 

Exhaust  obtained  in  an  electrically  driven  factory  with  the 

same    capacity,    (kg.) 22000 

This  shows  there  will  be  need  of  exhausting  to  the  atmos- 
phere about  4  760  kg.  of  steam  per  hour,  in  the  steam-driven 
mill. 

SCHEME   6 — EVAPORATING   IN    PLAIN    QUADRUPLE   EFFECT,    AND 
HEATING  THE  JUICE   WITH   EXHAUST  STEAM 


^^ 
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steam  consumption  per 
hour  in  kilograms. 
Live  Exhaust 

Defecation    2  500  

Scum    tanks     1000  

Juice  heater    8  000 

Quadruple    effect 18  000 

Vacuum  pan    5  600  4  600 


9  000  30  500 

Total   steam   required    (kg.) 39  500 

Exhaust  obtained   in   the  steam-driven   factory    (kg.) 38  760 

Exhaust  obtained  in  an  electrically  driven  factory  with  the 

same    capacity,    (kg.) .' .' 22  000 

This  shows  there  will  be  need  of  exhausting  to  the  at- 
mosphere about  S  260  kg.  of  steam  per  hour  in  the  steam- 
driven  mill. 


^TT^^^^^sm^mm^mm^mmwwmmmm: 


steam  consumptioa  per 
hour  in  kilograms, 
-,  ,      ^.  Live  Exhaust 

Defecation    <y  500 

Scum    tanks    \  qoO  ...... 

Pre-evaporator     -24  006 

Vacuum   pan '5  600  4  500 


9  000  28  600 

Total  steam   required    (kg.) 37  600 

Exhaust  obtained   in   the   steam-driven    factorv    (kg.) 38  760 

Exhaust  obtained  in  an  electrically  driven  factory  with  the 

same    capacity,    (kg.) 22  000 

This  shows  there  will  be  need  of  exhausting  to  the  at- 
mosphere 10260  kg.  of  steam  per  hour,  in  the  steam-driven 
mill. 


SCHEME  8 — EVAPORATING  IN  QUINTUPLE  EFFECTT  AND  HEATING 
THE  JUICE  WITH   EXHAUST  STEAM 
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Steam  consumption  per 
hour  in  kilograms. 
Live  ExhauAt 

Defecation    2  500  

Scum    tanks    1000  

Heater    i  000 

Quintuple  effect    14500 

Vacuum   pan    5  500  4  500 


9  000  27  000 

Total  steam  required   (kg.) 36  000 

Exhaust   obtained   in  the  steam-driven   factory    (kg.) 38  760 

Exhaust  obtained  in  an  electrically  driven  factory  with  the 

same    capacity,    (kg.) " 22  000 

This  shows  there  will  be  need  of  exhausting  to  the  at- 
mosphere about  1 1  760  kg.  of  steam  per  hour,  in  the  steam- 
driven  mill. 


SECTION    9 — EVAPORATING    IN    QUINTUPLE    EFFECT,    AND    HEATiNC 
THE  JUICE  WITH  VAPORS   FROM   THE  FIRST  VESSEL 


ll  Hi 

steam  consumption  per 
hour  in  kilograms. 
Live  Exhaust 

Defecation    2  500  

.Scum    tanks     1000  

Quintuple    effect    21  000 

Vacuum   pan    5  500  4  500 


9  000  25  500 

Total   steam   required    kg.) 34  600 

Exhaust   obtained   in  the  steam-driven   factory    (kg.) S8  760 

Exhaust  obtained  in  an  electricall.v  driven  factorj*  with  the 

same   capacity,    (kg.) " 22  000 

This  shows  there  will  be  need  of  exhausting  to  the  atmos- 
phere about  13  260  kg.  of  steam  per  hour,  in  the  steam-driven 
mill. 
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SCHEME  10 — EVAPORATING  IX  TRIPLE  EFFECT  WllRKlNG  WITHOIT 
VACUUM  ;  HEATING  THE  JUICE  ANI>  WORKING  THE  VACUUM 
PAN  ONLY  WITH  VAPOR  FROM  THE  LAST  VESSEL  OF  THE  TRIPLE 
EFFECT 


Vacuum  Pan 


■^u-jm  iMiiauinption  per 
hour  in  kiloiirains. 


Deft-cation    .  . 
Scum   tanks 
Triple   effect 
Vacuum    pan 


Li\e 
2  oOO 
I  000 


K.\hau>t 


24  000 


24  000 
3  500 


Total   steam   required    (kg.) 27  500 

This  scl)eme  shows  a  turbine  designed  for  receiving 
24  coo  kg.  of  steam  at  120  pounds  gage  pressure,  using  tlie 
steam  from  120  down  to  12  pounds  in  the  high  pressure  ele- 
ment of  the  turbine.  At  12  pounds  pressure  the  entire 
amount  of  steam  is  taken  from  the  turbine  and  used  for  boil- 
ing in  a  triple  effect.  From  the  last  vessel  of  the  triple  effect 
the  surplus  vapor,  which  in  this  case  amounts  to  5  000  kg.  at 
one  pound  pressure,  is  returned  to  the  low  pressure  element 
of  the  turbine,  and  exhausted  under  a  vacuum  of  27  inches. 

Tliere  are  a  number  of  ways  for  obtaining  the  above 
results,  three  of  which  are  herewith  outlined : 

Case  I — Using  one  turbine,  consuming  24000  kg.  of  steam 
per  hour.  Under  the  operating  conditions  as  outlined,  this 
machine  will  be  capable  cf  developing  i  140  kilowatts  for  an 
electric  power  load. 

Case  3 — Using  two  turbines,  each  consuming  one-half  of 
the  total  amount  of  steam  required  by  the  evaporators  or 
12  000  kg.  each  per  hour.  The  combined  output  of  these 
machines  will  be  I  200  kilowatts. 

Case  s — Using  two  turbines  as  follows :  Turbine  /  will 
receive  24000  kg.  cf  steam  at  120  lbs.  pressure  and  exhaust 
this  amount  at  12  lbs.  pressure  into  the  evaporators.  Tur- 
bine 2  will  receive  ;  000  kg.  of  steam  at  one  lb.  pressure  from 
the  evaporators  and  exhaust  it  under  a  vacuum  of  27  inches. 
The  total  power  available  from  the  turbines  in  this  case  will 
be : — Turbine  i,  i  175  kw,  turbine  2.  245  kw,  total,  i  420  kw. 

SCHEME  I  I — EV.\POR.\TING  IN  TRIPLE  AND  SEXTUPLE  EFFECTS. 
HE.\TINC  THE  JUICE  .\XD  WORKING  IN  THE  V.\CUUM  PANS  WFTH 
VAPORS  FROM   THE  THIRD  VESSEL  OF  THE  SEXTUPLE  EFFECT 


ai^a-a 


^ 


^ 


Vapjum  Pin 


TTT'Tm?>mr,. 


steam  consumption  per 
hour  in  kilograms. 


Defecation    .  .  .  . 
Scum   tanks    .  . 
Sextuple    effect 
Vacuum   pan    .  . 


Live 
2  500 
1  000 


Kxhaust 


S  300 


22  000 
S  500 


Total   steam   required    (ks.) 25  500 

This  represents  the  system  that  requires  less  steam  for 
working.  In  this  scheme,  the  triple  effect  takes  the  place  of 
the  turbine  low  pressure  element.  But  the  cost  of  installation 
and  maintenance  would  be  higher  than  that  of  scheme  10. 
As  the  steam  turbine  works  in  this  case  with  from  10  to  12 


lbs.  back  pressure,  the  steam  consumption  would  be  greater 
than  22000  kg.  per  hour.  Therefore  it  would  be  necessary 
to  either  exhaust  to  the  atmosphere  the  surplus  of  exhaust 
from  the  turbine,  or  to  increase  the  amount  of  water  of  im- 
bition,  until  the  amount  of  exhaust  consumed  balances  with 
the  exhaust  of  the  turbine. 

SCHEME    12 — EV.\POR.\TISG    IN    QUINTUPLE    EFFECT.    AND    HEATING 
THE   JUICE   WITH    VAPORS    FROM    THE    FIRST   VESSEL 


13.S..I 

Steam  consumption  per 
hour  in  kilograms. 
Live  Exhaust 

Defecation    2  300  

Scum    tanki    1  000  

Quintuple    effect    21000 

Vacuum   pan    9  000  1  000 

12  500  22  000 

Total   steam    required    ( kg. ) 34  500 

.■\nalyzing  this  scheme,  it  is  noted  that  the  boilers  supply- 
ing a  total  of  34  500  kg.  of  steam  per  hour.  22  000  kg.  passing 
through  the  turbine,  which  furnishes  all  pozcer  required  in  the 
mill.  Of  the  e.xhaust  steam  from  the  turbine  21  000  kg.  is 
required  for  the  evaporators,  leaving  a  surplus  of  I  000  kg.  to 
be  used  in  the  vacuum  pans,  which  requires  a  total  cf  ID  OOO 
kg.  of  steam  per  hour,  the  additional  9000  being  live  steam 
supplied  directly  from  the  boilers. 

SCHEME    13 — EVAPORATING    IN    QUINTUPLE    EFFECT    .\ND    HEATING 
THE   JUICE   WITH   V.\P0RS   FROM    THE   FIRST   VESSEL 


Live 

Defecation    2  500 

Scum    tanks    1  000 

tjuintuple    effect     

Vacuum    pan 5  000 


Steam  consumption  per 
hour  in  kilograms. 


Exhaust 


21  000 
5  000 


26  000 


8  500 
Total   steam    required    (kg.) S4  500 

Of  the  34500  kg.  supplied  by  the  boilers.  26000  kg.  enters 
the  turbine,' after  which  21  ckx)  kg.  of  e.xhaust  steam  goes  to 
the  evaporators,  and  5  000  kg.  to  the  \-acuum  pans,  requiring 
but  5  000  kg.  of  live  steam  to  be  furnished  directly  from  the 
boilers  for  the  vacuum  pans. 

In  an  analysis  of  this  scheme  it  is  worthy  of  notice  that 
the  boilers  supply  a  total  of  34  500  kg.  of  steam  per  hour, 
which  is  the  same  amount  as  supplied  in  scheme  is.  In  this 
case,  however,  a  larger  turbine  is  used,  one  capable  of  devel- 
oping not  only  sufficient  power  for  supplying  all  power  re- 
quired in  the  mills,  including  the  rolls,  but  also  for  furnishing 
sufficient  power  for  transporting  the  cane  from  the  fields. 
Thus  it  is  possible,  by  an  exceedingly  simple  and  a  very  de- 
sirable system,  to  have  sufficient  power,  not  only  for  the  entire 
mill,  from  the  bagasse  available,  but  by  electrif>Hng  the  rail- 
road tracks  from  the  factory  to  the  fields,  to  be  able  to  trans- 
port all  of  the  cane  from  the  fields  without  the  use  of  addi- 
tional fuel. 
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HEX  an  alternating  current  flows  in  an  in- 
ductixe  circuit,  an  alternating  magnetic  flux 
is  set  up  that  produces  an  induced  or  coun- 
ter electromotive  force,  the  value  of  which  at  any  in- 
stant is  proportional  to  the  rate  at  whicli  the  flux  is 
changing  at  that  instant,  namely,  rf*  -:-  dt.  This 
counter  electromotive  force,  which  is  indicated  by  the 
minus  sign,  requires  an  equal  and  opposite  impressed 
electromotive  force,  e  o:d4?  ^-  dt,  to  overcome  it.  The 
values  of  flux  and  electromotive  force  are  thus  inter- 
related, so  that  if  the  wave-form  of  either  is  known 
the  wave-form  of  the  other  may  be  determined.  The 
value  of  the  flux  at  any  instant,  in  terms  of  the  instan- 
taneous values  of  impressed  electromotive  force,  is 


*aj 


edt 


(\\'hen  counter  instead  of  impressed  electromotive 
force  is  used,  a  minus  sign  should  precede  the  inte- 
gral. In  the  case  of  a  sine  wave  of  electromotive 
force,  the  flux  is  a  sine  w^ave  90  degrees  behind  the 
impressed  electromotive  force  or  90  degrees  ahead  of 
the  counter  electromotive  force.  In  the  following  dis- 
cussion, impressed  electromotive  force,  equal  and  op- 
posite to  counter  electromotive  force,  will  be  used  in 
all  cases.) 

To  obtain  the  wave  form  of  flux  from  the  wave 
form  of  electromotive-force,  the  electromotive-force 
wave  may  be  integrated  in  one  of  several  ways : — 

I — Electrically,  by  an  integrating  commutator ; 
2 — mechanically,  or  graphically,  from  the  plotted 
curve ;  3 — analytically,  by  the  mathematical  integration 
of  the  equation  of  the  electromotive  force  previously 
analyzed  into  its  harmonic  components ;  4 — arithmetic- 
allv.  by  addition  of  ordinates  (trapezoidal  approxima- 
tion) ;  or  5 — arithmetically,  by  addition  of  ordinates 
(parabolic  approximation). 

The  first  three  of  these  methods  are  well  known 
and  will  be  discussed  only  briefly.  The  particular  ob- 
ject of  this  paper  is  the  discussion  of  the  arithmetical 
methods  and  these  will  be  described  more  fully;  they 
are  simple  and  accurate  and  the  authors  believe  that 
when  known  they  should  come  into  general  use. 

IXTEGRATIXG    COMMUTATOR    AND   DIRECT-CURRENT 
VOLTMETER 

This  is  a  direct  experimental  method  of  obtaining 
the  wave-form  of  flux.  The  electromotive-force  at 
the  terminals  of  the  coil  in  which  the  flux  is  to  be  de- 
termined is  read  by  means  of  a  direct-current  instru- 
ment of  the  D'Arsonval  type  after  being  reversed  every 
half  cycle  by  a  synchronous  commutator.  Such  an  in- 
strument gives  an  integral  reading  proportional  to  the 


value  of  flux  at  the  instant  of  reversal.  By  shifting 
the  brushes  on  the  commutator  the  values  of  the  flux 
from  instant  to  instant  throughout  the  cycle  are  thus 
determined.  With  a  simple  form  of  commutator,  the 
method  can  be  used  only  in  cases  where  the  negative 
half-wave  is  a  repetition  of  the  positive.* 

MECH.VNICAL    AND    GRAPHICAL    METHODS 

A  curve  of  electromotive-force  is  plotted  and  a 
planimeter  or  other  device  is  used  to  determine  the 
area  between  the  curve  and  the  .r-axis,  included  be- 
tween any  initial  ordinate  and  each  successive  ordi- 
nate. The  several  areas  thus  determined  are  plotted 
a?  flux  ordinates.  For  example,  if  the  area  between 
the  curve  and  the  .r-axis  is  740  between  ordinates  Co 
and  Ci,  I  980  between  ordinates  Co  and  e>,  2  340  be- 
tween Co  and  fj,  etc.;  we  plot  as  flux  ordinates  (cor- 
responding to  electromotive  force  ordinates  Cj,  €2,  eg), 
>rj  =  740,  *;>=i98o,  $3  =  2340,  etc.  If  the  areas 
are  determined  between  successive  pairs  of  ordinates 
(instead  of  between  an  initial  and  each  successive  or- 
dinate), the  determined  areas  would  be  .'^1  =  740  be- 
tween Co  and  e,,  ^•J.)=i240  between  Ci  and  e^,  As 
=360  between  d  and  c.,,  etc.  The  corresponding  flux 
values  are  then  found  to  be:  ^i=Ai=740,  9.= 
A,  +  /i,  =  I  980,  ^3  =  Ai  +  A,-\-  As  =  2  340,  etc. 
The  planimeter  method  has  been  commonly  used  and 
is  theoretically  correct,  but  the  accurate  determination 
by  it  of  many  small  areas  is  difficult  and  laborious. 
The  integraph,  an  instrument  somewhat  similar  to  the 
planimeter  and  of  the  same  order  of  accuracy,  draws 
the  integral  curve  instead  of  determining  areas.  For 
the  present  problem,  it  is  more  convenient  than  the 
planimeter,  giving  the  result  directly  instead  of  in- 
directly. 

A  not  unconnnon  method  for  determining  areas 
is  by  means  of  an  accurate  balance.  The  curve  is  plot- 
ted on  a  sheet  of  uniform  material ;  the  successive  por- 
tions are  then  carefully  cut  out  and  weighed. 

\"arious  methods  of  graphical  integrationf  have 
been  used,  but  these  also  are  not  highly  accurate  and 


*For  a  detailed  description  and  bibliography,  see  papers 
on  "An  Apparatus  for  Determining  the  Wave  Form  of 
Magnetic  Flux,"  by  M.  G.  Lloyd  and  J.  V.  S.  Fisher.  Bul- 
letin of  the  Bureau  of  Standards.  Vol.  4,  p.  467.  1O08.  and 
"The  Use  of  the  Synchronous  Commutator  in  .\ltcrnating 
Current  Measurement,"  by  F.  Bedell,  Journal  of  the  rrank- 
lilt  Institute,  Vol.  176,  p.  385,  1913. 

fSee  "Graphical  Methods."  by  C.  Runge,  Columbia  Uni- 
versity Press,  1912 ;  "Electric  Railway  Problems ;  Method 
and  .Applications  of  Graphical  Integration  and  Differenti- 
ation." By  J.  G.  Pertsch,  Sibley  Journal  of  Engineering, 
Vol.  24,  p.  245.   1910. 
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arc  laborious.  More  exact  methods*  for  determining 
mathematically  the  numerical  value  of  an  integral  are 
in  use  by  astronomers  and  mathematicians,  but  these 
methods  are  not  readily  applicable  to  the  present 
problem. 

ANALYSIS    AND    MATHEMATICAL    INTEGRATION 

The  curve  of  electromotive-force  is  analyzed  into 
its  harmonic  components  and  its  equation  is  written. 
A  mathematical  integration  of  this  equation  gives  the 
flux  equation.  This  method  is  desirable  only  in  case 
the  result  is  desired  in  analytical  form  and  the  har- 
monic analysis  of  the  electromotive-force  wave  is  in 
any  event  to  be  made  for  other  purposes.    With  the 


TABLE  I 

e 

2e 

2fr-C=<P 

e„  =  -  18 

-18 

_658.25=*„,, 

e,   =  -    9 

-27 

-6ti7.25=(P,,j 

e,  =  +     1 

-26 

-666.25=<(>,,3 

e,  --=  +  14 

-12 

-652.25=</>3.4 

e,  =  +  46 

34 

_606.25=d>,.5 

e,  =  +  72 

1(1() 

-534.25=(p6.G 

ee  =  +  99 

205 

_435.25=(i!'e.. 

e,  =  +119 

324 

-316.25=<P,.8 

e,  =  +127.5 

451.6 

-188.75=*8,8 

e„  =  +128 

579.5 

-  60.75=*,.,„ 

e,„=  +123 

702.5 

62.25=(P,„,„ 

e,,=  +116 

818.5 

178.25=*„,,2 

e,,=  +108 

926.5 

286.25=*,2.„ 

e,,=  +  97.5 

1024 

383.75=*,3.,4 

e,4=  +  85 

1109 

468.75=*„,,6 

e,,=  +  73 

1182 

541.75=(f,6.,6 

ei«=  +  57.5 

1239.5 

599.25=!P,5,„ 

e,,=  +  41 

1280.5 

640.25=*„.,8 

e,,=  -eo=  +18 

1298.5 

658.25=*,8.,,, 

e.,=  -e,=  +  9 

1307.5 

607.25=*„.,„ 

^8  0=  -ej=  -  1 

1      1306.5 

666.25=^jp^j, 

electromotive-force  wave  already  analyzed,  the  de- 
termination of  the  flux  equation  is  comparatively  sim- 
ple. This  method  is  used  by  Lloyd  and  Fisher  {loc. 
cit.)  in  checking  the  commutator  method. 

As  an  example,  the  following  i8  values  for  the 
ordinates  of  an  electromotive  force  wavef  were  se- 
cured at  intervals  of  ten  degrees,  the  subsequent  i8 


*For  a  summary  and  bibliography,  see  chapter  on  me- 
chanical quadratures  in  "The  Theory  and  Practice  of  In- 
terpolation." H.  L.  Rice,  The  Nichols  Press.  Lynn.  Mass., 
1899;  Jas.  Burgess,  Trans.  Royal  Society  of  Ediuburgh,  Vol. 
39,  1900,  p.  266;  G.  F.  Becker,  American  Journal  of  Science, 
Aug.,  1911. 

fThe  analysis  of  this  wave  and  a  working  description  of 
the  method  of  analysis  are  given  in  detail  in  Bedell's  Direct 
and  Alternating-Current  Manual,  pp.  337-8. 


values  being  a  repetition  of  these  with  sign  changed : — 
— iS.o,  —9.0,    -f i.o,   H-I40,   +46-0,   -1-72.0,   -f99.o, 
-f-119.0,  4-127.5,  -I-128.0,  4-123.0,  -fn6.o,  -fioS.o, 
+97-5.  +85-0,  -1-73-0,  -t-57-5.  +4i-o.     If  the  ampli- 
tude of  the  fundamental  is  changed  to  i  000  and  all 
other  amplitudes  are  changed  in  proportion,  the  elec- 
tromotive force  equation  is  found  by  analysis  to  be 
e=JOOO  sin  x  ,  110.00  sin  3  {x  ,-  79°)  +  54.5  sin  5  (x  +  31.7°) 
+  18.75  sin7  {x+  19.8°)  +  13.83  sin  P  (*  +  18.5°)  +  6.92 
sin  11  («  +  13.8°)  +  3.25  sin  13  {x  +  6.6°)  .  5.75  sin  15 
(,x  +  21.3°)  +  10.41  sin  17  (x  +  17.7°)  (1) 

Here  X  is  proportional  to  time,  being  equal  to 
2iriit,  where  n  is  the  fundainental  frequency ;  x  is 
measured  from  the  zero  of  the  fundamental  wave  at 
which  the  value  changes   from  negative  to  positive. 

Integrating  this  equation  term  by  term,  and  re- 
membering that  integral  sin  ax  =  — '  cos  ax  ^=   ' 
'^  *  a  a 

sin  (a.v — 90°),  the  following  equation  is  obtained  for 
flux:— 

0=   r  edl  =  1000  sin   (x  —  90°)  +  36.7  sin  J   (x  -  49°) 

J  +  10.9  sin  5  ix+  13.7°)  -  2.68  sin  7  (*  +  6.94°) 

+  1.54  sin  9  (x  +  8.5°)  -  0.629  sintl  {x  j-  5.62°) 

+  0.25  sin  13  (x—0.32°)  +  0.383  sin  15  {x ,- 15  J°) 

i  0.61  sin  17  (x+  12.41°)    (2) 

In  both  the  preceding  equations,  phase  angles  are 
expressed  with  reference  to  the  fundamental  of  elec- 
tromotive force.  It  will  be  observed  that  each  har- 
monic of  flux  lags  behind  the  corresponding  harmonic 
of  electromotive  force  by  90  time  degrees  of  the  par- 
ticular harmonic,  or  90-^  a  time  degrees  of  the 
fundamental. 

addition  of  ordinates  (trapezoidal 
approximation) 
This  method  of  determining  flux  from  electromo- 
tive force  requires  only  the  simplest  arithtnetical  pro- 
cess and  is  readily  remembered.  The  values  of  the 
electromotive  force  at  equal  time-intervals  are  given. 
The  value  of  the  flux  at  an  instant  intermediate  between 
any  two  consecutive  values  of  electromotive-force  is 
found  by  merely  adding  all  preceding  values  of  electro- 
inotive-force,  beginning  with  any  initial  value.  The  pro- 
cess is  clearly  showti  by  the  example  given  in  Table  I. 
The  first  column  gives  the  instantaneous  values  of 
electromotive  force,  in  this  instance  for  every  ten  de- 
grees ;  the  values  are  the  same  as  those  used  in  illustrat- 
ing the  preceding  method.  The  second  column,  2^,  gives 
the  sum  of  all  preceding  values  of  electromotive  force; 
if  the  values  of  i^  are  plotted,  they  give  a  curve  for 
the  flux  with  the  :f-axis  displaced  by  a  constant  C. 
The  third  column  gives  the  values**  of  flux  without 
this  displacement,  found  by  deducting  C.  When  the 
negative  half-wave  of  electromotive  force  is  a  repeti- 
tion of  the  positive  half-wave  with  sign  reversed,  as  in 
the  present  case,  the  constant  C  is  found  by  taking  the 
mean  of  anv  two  values  of  ir  in  the  second  column 


**These  arc  relative  value:.  When  there  arc  5  turns 
embracing  the  flux  and  when  value.>  of  e  are  given  in  volts 
at  time-intervals  of  It  seconds,  the  absolute  values  of  flux 
in  maxwells  are  found  by  multiplying  the  values  as  indi- 
cated in  the  table  by  hxio'~-S. 
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which  are  180  degrees  apart;  thus,  in  tlie  present  ex- 
ample, C  =  (  —  18  +  1298.5)  -^  2  =  (  —  27  + 
1307-5)  -^  2  =  (  —  26  +  1306.5  )  -^  2  =  640.25. 
When  the  negative  is  not  a  repetition  of  the  positive 
half-wave,  the  mean  of  the  maximum  and  minimum 
values  of  %e  is  best  found  by  plotting  a  curve,  for 
these  may  lie  between  the  tabulated  values. 

Check — As  a  check,  the  difference  between  any 
two  consecutive  values  of  the  flux  in  the  third  column 
should  give  the  value  of  e  in  the  first  column. 

Theory — The  theory  of  this  method  depends  upon 
the  assumption  that  each  vertical  element  of  the  area 
between  the  electromotive  force  curve  and  the  ;f-axis 
is  proportional  to  the  middle  ordinate,  e,  of  each  ele- 
ment of  area.  This  is  an  approximation ;  it  would  be 
strictly  true  if  the  electromotive  force  curve  consisted 
of  a  series  of  straight  lines  and  the  area  between  the 
curve  and  the  T-axis  consisted  of  a  series  of  trape- 
zoids.* In  this  case  the  area  of  each  trapezoid  would 
be  proportional  to  the  middle  ordinate  e.  For  many 
purposes,  if  electromotive-force  values  are  known  at 
intervals  of  ten  degrees  or  less,  this  approximation  is 
sufficiently  accurate.  A  closer  approximation  is  based 
on  the  assumption  that  the  electromotive-force  curve 
is  made  up  of  arcs  of  parabolas  instead  of  straight 
lines. 

ADDITION    OF    ORDIN.\TES     (PARABOLIC    APPROXIMA- 
TION.**) 

The  values  of  the  electromotive  force  at  equal 
time-intervals  are  given,  as  in  the  preceding  cases.  The 
corresponding  values  f  of  flux  are  accurately  deter- 
mined by  simple  addition  as  shown  in  Table  II  and 
Table  III,  which  fully  explain  themselves.  As  in  Table 
I,  the  constant  to  be  deducted  in  Table  II  or  in  Table 
III  is  the  mean  of  two  values  of  flux  taken  180  de- 
grees apart,  it  being  here  assumed  that  the  negative 
half-wave  is  a  repetition  of  the  positive.  When  this 
is  not  the  case,  it  is  preferable  to  use  %  the  trapezoidal 
approximation,  Table  I. 

Theory — It  is  assumed  that  each  short  section  of 
the  electromotive  force  curve  can  be  closely  repre- 
sented by  the  arc  of  a  parabola.  This  is  a  closer  ap- 
proximation than  the  representation  of  each  section  of 
the  curve  by  a  straight  line  and  is  more  general,  for 
the  straight  line  is  merely  a  particular  case  of  a  para- 


*The  trapezodial  approximation  is  not  limited,  in  its  ap- 
plication, to  periodic  functions ;  on  account  of  its  generality 
it  has  a  wide  field  of  usefulness. 

**Described  in  a  paper  entitled  "Some  Applications  of 
Simpson's  Rule  in  Integrating  Periodic  Functions,"  by  F. 
Bedell  and  R.  Bown,  read  before  theAm.  Phy.  See,  Oct.  31, 
1914;  for  abstract,  see  Physical  Review,  Dec,  1 914,  p.  548. 

tThese  are  relative  values.  When  there  are  5"  turns 
embracing  the  flux  and  when  values  of  e  are  given  in  volts 
at  time-intervals  of  h  seconds,  the  absolute  values  of  flux  in 
maxwells  are  found  by  multiplying  the  values  as  indicated 
in  the  table  by  h^^io'-^zS. 

tThe  parabolic  approximation.  Tables  II  and  III,  can  be 
used  in  case  of  unsvmmetrical  waves  by  substituting  0i  =  1^2 
(eo  -^  e,)  ^  (eo  +  2e,  +  e,) ;  or,  </>,  =  S*,  (e»  +  e,)  -2  (co  +  4e,  +  ej) ; 
or  other  approximation  for  the  area  between  Co  and  ei. 


bola.  Each  element  of  area  is  no  longer  a  trapezoid 
but  is  a  so-called  parabolic  trapezette, — a  plane  figure 
having  two  sides  parallel,  a  third  side  (the  .^--axis)  at 
right  angles  thereto  and  the  fourth  side  an  arc  of  a 
parabola.  By  Simpson's  Rule*,  the  area  of  a  para- 
bolic trapezette  between  any  two  alternate  ordinates 
e'  and  e"',  is  {e'  +  4/'  +  e"')  h~z,  where  h  is  the 
distance  between  consecutive  ordinates.  Where  rela- 
tive values  only  are  to  be  determined,  the  terms  within 
the  parenthesis  only  need  be  einployed,  as  in  Tables  II 
and  III. 

It  will  be  noted  that,  in  the  parabolic  approxima- 
tion, the  values  of  flux  are  determined  for  the  same 
instants  as  those  for  which  the  values  of  electromotive 
force  are  given.    In  the  trapezoidal  approximation,  on 

TABLE  II 


Flux 


<Po=  0 

02=  (eo^4ei  +62)  = -53 

0,=(i),  +  (ei,+4e3  +64)= +50 

<Ps=<i>4+(e4+-Jes  +e,)  = 483 

(f8=(p5+(e6+4e,  ■^e^)  = 1185 

(P,o=*8+{e8+4e<,  +e,„)= 1948 

*,2=*,o+(e,„-4e„+e,2  = 2643 

'i>,4=<2>,2+(ei2-4e,3-^e„)= 3226 

^.6=(Pu+(e„-4e,,+e„)= 3660 

*.8=(f,6+(e,6-4e„Te,8)= 3900 


With 
Constant 
Deducted 


-1 9.5c 
-2003 
-1900 
-1467 

-  746 

-  2 
-1^  693 
-1276 
+  1710 
+  1950 


Constant=  ( 0,+ jJi^)  ^-2=3900^  2=1950 


TABLE  III 


Flux 


With 
Constant 
Deducted 


03= (e,  *4e2-e3  )=... 

d>s=^3*(e3+4e4+eB)=... 
(p7='?5-(e6-4e6+e,  )=.. 
<Pi=0T  ■  (e, +4e8+e9)  =  .. 
*ii=^9*(e9+4ejo+e„t=.. 
*i3=*u+  ( e„+4e,j+e,3) =., 
*i6=(Pi3-(eis+4ej4-e,6)  =  . 
*i7=<Pis+(ei6+4ei6+ei,)=. 
_^»=*n  ^(ei7+4e,84-e,9)=^ 


0 

9 
279 
S66 
1623 
2359 
3004 
3515 
3859 
3981 


-1990 
-1981 
-1711 
-1124 

-  367 

-  36H 
+  1014 
+  1524 
+  1868 
+1990 


Constant  =(<Pi+(Pi9)H-2=3981-^2=1990.5 


the  other  hand,  values  of  flux  are  determined  at  in- 
stants midway  between  successive  values  of  electro- 
motive force,  unless  certain  modifications  are  intro- 
duced in  the  method  that  make    it  less  simple. 

COMPARISON  OF  METHODS 

Flux  curves  determined  by  the  trapezoidal  ap- 
proximation and  by  the  parabolic  approximation,  when 
plotted  to  the  same  scale,  are  practically  coincident,  no 
difiference  being  discernible  unless  the  curves  are 
plotted  with  the  greatest  care  on  a  very  large  scale. 
Either  method,  therefore,  is  sufficiently  accurate  for 
most  purposes.  By  analyzing  the  two  curves,  how- 
ever, a  small  difiference  is  detected  and,  although  both 
methods  show  rather  close  agreement  with  the  mathe- 
matical integration,  equation  (2),  which  is  taken  as 
standard,  closer  agreement  is  shown  by  the  parabolic 
than  by  the  trapezoidal  approximation. 

Analyzing  into  its  harmonic  components  the  flux 

♦See  Encyclopedia  Britannica ;  also,   "Notes  and  Exam- 
ples in  Mechanics,"  by  I.  P.  Church,  p.  13,  and  various  texts. 
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wave  determined  by  the  trapezoidal  approximation, 
Table  I,  we  liave  the  Hux  equation : — 
<l>  =  688.77  sin  x  +  25.55  sin  3  {x  +  138.94°)  +  7.72  sin  5 
{x  +  103.61")  +  1.95  sin  7  {x  +  96.93°)  +  1.29  sin  9 
(x  +  98.33°)  +  0.51  sin  11  (x  +  95.45°)  +  0.22  sin  13 
{x  +  89.81°)  +  0.345  sin  15  {x+ 81.64°)  +0.624  sin  17 
{x  +  81.34°) (3) 

Phase  angles  are  here  referred  to  the  fundamental 
flux  wave,  but  can  be  referred  to  the  fundamental 
electromotive  force  wave  by  subtracting  ninety  de- 
grees from  each  angle.  Changing  the  fundamental 
amplitude  to  i  ooo  and  other  amplitudes  in  proportion, 
the  equation  for  flux  with  phase  angles*  referred  to 
the  fundamental  wave  of  electromotive  force  is 

(p  =  1000  sin  (x-  90°)  +  36.3  sin  3  (x  +  48.94°)  + 11.2  sin  5 
{x  +  13.61°)  +  2.83  sin  7  (.v  +  6.93°)  +  1.87  sin  9 
(a:  +  8.33°)  +  0.74  sin  11  (x  +  5.45°)  +  0.32  sin  13 
(x~0.19°)  +  0.5  sin  15  (x  +  15.64°)  +  0.9  sin  17 
ix  +  12.52°) (4) 

This  is   found  to  compare  closely   with  equation 
(2).      The    corresponding    equation    for    flux,    found 
in  a  similar  manner  by  analyzing  the  wave  determined 
by  the  parabolic  approximation    Tables  II  and  III,  is 
<P  =  1000  sin  (x  -  90°)  +  36.70  sin  3  (x  +  48.98°)  +  10.87 
sin  5  {x  +  13.65°)  +  2.67  sin  7  (x  +  6.93°)  +  1.61  sin  9 
(x  +  8.43°)  +  0.49  sin  11  {x  +  5.21°)  +  0.39  sin  13 
(x  -  8°)  +  0.76  sin  15  (.v  +  9.°)  +  3.58  sin  17  {x  +  4.°).     (5) 

In  its  most  important  terms,  this  is  found  to  be  in 
still  closer  agreement  with  equation  (2).** 

In  case  of  a  true  sine  wave,  with  ordinates  taken 
every  7.5  degrees  from  a  table,  the  area  determined  by 
the  trapezoidal  approximation  was  found  to  be  correct 
within  one  part  in  600;  the  area  determined  by  the  par- 
abolic approximation  was  found  to  be  correct  within 
one  [xirt  in  250  000. 

It  is  true  that  a  simple  sine  wave  is  particularly 
favorable  to  the  parabolic  apjjroximation,  so  that  the 
comparison  in  the  preceding  paragraph  aflfords  no  real 
test  of  the  accuracy  in  case  of  a  complex  wave.  Also 
the  test  given  above  with  a  complex  wave  is  not  en- 
tirely conclusive,  inasmuch  as  equation  ( i )  obtained 
by  analysis  for  the  electromotive  force  (upon  the  ac- 
curacy of  which  the  comparison  depends)  is  itself  open 
to  some  small  error,  although  indeed  this  is  slight.  In 
our  next  comparison,  therefore,  such  error  was  avoid- 
ed by  building  up  an  electromotive  force  wave  with 
certain  assumed  harmonic  components,  the  wave  being 
exactly   represented   by    the    following   equation : 

e  =  lOOOsin  x  +  333  sin  3  (.v  -  10°)  +  100  sin  5  (.%-  -  15°) 

+  50  sin  13  X (6) 

The  wave  contains  decided  ripples  as  might  be 
introduced  by  armature  reaction  and  pole-face  wind- 
ings. This  equation  was  evaluated  (by  means  of 
tables)  for  every  ten  degrees  of  the  fundamental  and 
the  results  tabulated  so  that  successive  ordinates  of 


*As  the  wth  harmonic  repeats  itself  every  360°  -^  m,  this 
amount  or  mulliples  of  it  may  be  added  or  subtracted  from 
any  phase  angle  without  changing  its  real  value  or  signifi- 
cance. 

**For  assistance  in  the  foregoing  analyses  we  are  in- 
debted to  Messrs.  G.  S.  Saunders  and  F.  G.  Switzer. 


the  electromotive-force  wave  were  accurately  known. 
The  flux  ordinates  were  determined  by  the  trapezoidal 
and  by  the  ])arabolic  approximations  and  were  com- 
pared with  the  flux  ordinates  exactly  determined  by 
evaluating  the  flux  ccjuation  obtained  by  the  mathe- 
matical integration  of  equation  (6),  in  the  manner  al- 
ready described 

The  trapezoidal  method  gave  a  nearly  constant 
error  of  about  one  percent  when  the  addition  of  ordi- 
nates was  begun  at  zero  of  the  electromotive  force 
wave,  and  an  error  of  about  0.25  percent  when  the  ad- 
dition of  ordinates  was  begun  at  the  middle  of  the  wave 
— the  maximum  ordinate  in  all  cases  being  taken  as 
100  percent.  The  accuracy  of  the  trapezoidal  method 
varies,  therefore,  according  to  the  location  of  the  ini- 
tial ordinate.  In  the  present  case,  and  perhaps  in 
most  cases,  the  greatest  accuracy  is  obtained  by  taking 
the  initial  ordinate  at  the  middle  of  the  wave.  (In 
case  of  a  wave  that  is  symmetrical  around  a  middle 
ordinate,  this  can  indeed  be  shown  to  be  strictly  true, 
for  the  cumulative  error  is  then  positive  for  half  the 
time  and  negative  for  half  the  time. ) 

The  parabolic  method  gave  a  nearly  constant 
error  of  0.15  percent  and  this  error  was  practically  the 
same  whether  the  initial  ordinate  was  located  at  the 
zero  or  at  the  middle  of  the  electromotive  force  wave. 
Using  an  equal  number  of  ordinates.  the  parabolic 
method  is  thus  seen  to  be  more  accurate,  and  its  accu- 
racy is  practically  independent  of  the  location  of  the 
initial  ordinate.  In  some  cases  the  parabolic  luethod 
may  offer  an  advantage  on  account  of  the  fact  that  the 
flux  ordinates  determined  by  it  correspond  (in  time) 
respectively  to  the  several  electromotive  force  ordin- 
ates. It  will  be  recalled  that  the  flu.x  ordinates  ob- 
tained by  the  trapezoidal  method  are  staggered,  that  is. 
the  flux  ordinates  are  (in  time)  midway  lietween  the 
given  electromotive  force  ordinates. 

On  the  other  hand,  the  parabolic  method  can  be 
used  to  advantage  only  when  the  negative  half-wave 
is  a  repetition  of  the  positive,  it  is  not  quite  so  easy  to 
remember  or  apply  as  the  trapezoidal  method  (bring- 
ing in  a  multiplication  by  4  in  one  term)  and,  for  this 
same  reason,  offers  slightly  greater  opportunity  for 
numerical  error. 

The  accuracy  of  either  method  maj'  be  increased 
by  increasing  the  number  of  ordinates  used.  It  is  not 
unlikely  that  some  may  prefer  to  use  the  trapezoidal 
method  and  to  attain  the  desired  accuracy  in  this  way. 
\Mien  the  number  of  ordinates  is  definite,  however, 
greater  accuracy  is  obtained  by  the  parabolic  method. 
Although  the  foregoing  discussion  relates  to  the 
])articular  case  of  determining  wave-form  of  flux 
from  wave-form  of  electromotive-force,  it  will  be  seen 
that  the  methods  described  are  applicable  generally  to 
any  problem  involving  the  determination  of  an  un- 
known variable  that  is  proportional  to  the  integral  of 
soiue  known  variable.  In  engineering  and  in  physics 
there  are  many  such  problems. 


The  Engineering  Evolution  of  Electrical 

Apparatus — IX 

THE  HISTORY  OF  THE  ROTARY  CONVERTER  IN  AMERICA 

F.  D.  Newblry, 
Engineer  in  Charge 
Power  Engineering  Department, 
VVestinghouse  Electric  ef  Mfg.  Company 

Foreword — The  main  scurce  of  information  from  which  this  historical  sketch  has  been  com- 
piled has  been  the  engineering  records  of  the  Westinghouse  Electric  &  Mfg.  Company.  This  has  been 
supplemented  by  the  personal  recollections  of  those  Westinghouse  engineers  who  were  responsible  for  so 
much  progress  in  the  development  of  the  rotary  converter,  and  by  a  fairly  complete  examination  of 
American  and  English  technical  publications  and  of  American  patent  records.  While  there  has  been  a 
preponderance  of  Westinghouse  information,  this  has  not  resulted  in  such  an  unbalanced  histo.-y  as  might 
be  expected  because  the  rotary  converter  has  been  peculiarly  an  American  development,  and  in  this  devel- 
opment Westinghouse  engineers  have  taken  a  leading  part.  For  this  same  reason,  a  more  complete  inclu- 
sion of  the  work  of  English  and  Continental  engineers  within  the  scope  of  the  article  would  have  changed 
the  record  in  no  important  particular. 


THE  FIRST  commercial  applicLtion  of  rotary 
converters  was  practically  coincident  with  the 
development  of  Niagara  power.  Polyphase 
alternating-current  generation  was  chosen  for  the  first 
Niagara  installation,  for  reasons  that  are  now  obvious, 
but  the  only  certain  market  for  power  at  Niagara 
Falls  was  for  direct  current  applicable  to  electrochem- 
ical processes.  Under  these  circumstances,  economy 
in  transformation  from  alternating  to  direct  current 
was  of  more  than  ordinary-  importance  because  of  the 
relatively  high  cost  of  power  in  electrochemical  work. 


delivered  to  the  first  machine,  which,  operating  as  a  con- 
verter, delivered  alternating  current  at  25  cycles  per  sec- 
ond to  a  second  machine,  which,  in  turn,  operating  as  a 
converter,  delivered  a  continuous  current  through  a  non- 
inductive  resistance." 

The  150  horse-power  rotarj-  converters  mentioned 

by  !Mr.  Stillwell  were  tlie  first  converters  built  by  the 

Westinghouse  Company.     They  were  not  designed  as 

rotary  converters ;   existing  direct-current   generators 

were  taken  and  four  collector  rings  were  placed  over 

a  portion  of  the  commutator  face,  being  insulated  from 

it,  and  connected  to  the  proper  commutator  bars.     A 

The  successful  development  of  the  rotar>'  converter,      Peculiar  action  of  the  machine,  noted  by  Air.   B.  G. 

therefore,  became  an  essential  part  of  the  development      Lanime  and  Mr.  Chas.  F.   Scott,  who  conducted  the 

of  the  complete  Niagara  power  project.  ^''"^  experiments,  was  that  the  armature  was  the  cool- 

The  development  of  the  rotar>'  converter  began      ^st  part  of  the  circuit  and  that  larger  direct  currents 

late  enough  to  profit  from  the  earlier  development  of      ™"'d  ^.e   taken   from  the  machine  with  satisfactory 

the  direct-current  generator.     In   fact,  the  first  con-     Ideating  and  commutation  when  operating  as  a  rotary 


verters  were  merely  direct-current  generators  to  which 
collector  rings  and  connections  had  been  added.  The 
rotary  converter,  therefore,  began  its  own  history  with 
a  type  of  construction  that  has  since  been  departed 
from  only  in  details.  The  first  rotary  converters  were 
of  the  multipolar  type  and  had  slotted  armatures  with 
two-circuit  or  parallel  drum  types  of  windings,  con- 
structions which  still  form  the  basis  of  modern  con- 
verter design. 

The  status  of  the  rotary  converter  in  1892  is  well 
described  in  the  following  quotation  from  Mr.  L.  B. 
Stillwell's  paper  on  the  Niagara  Falls  Plant  :* — 

"As  regards  rotary  converters,  the  function  of  which 
is  the  conversion  of  alternating  currents  to  continuous 
currents,  thus  rendering  available  for  electrolytic  work 
and  for  operation  of  continuous  current  motors  power 
transmitted  in  the  form  of  alternating-currents,  even  less 
was  generally  known.  Schuckert  exhibited  small  ma- 
chines of  this  character  at  the  Frankfort   exposition   in 


converter  than  when  operating  as  a  direct-current  gen- 
erator. The  explanation  of  these  actions — the  small 
effective  armature  current  tlue  to  the  superposition  of 
the  alternating  and  direct  currents  in  the  same  wind- 
ing— was  soon  discovered  by  Mr.  Lamme  by  a  simple 
graphical  analysis,  and  by  Mr.  R.  1).  Mershon.  with 
whom  the  experiments  were  discussed,  after  a  some- 
what longer  mathematical  study.  These  e.xj>erimental 
machines  were  started  as  alternating-current  series 
motors.  The  first  rotary  converter  shipped  from  the 
\\  estinghouse  Works  was  designed  in  December.  i8y2. 
This  was  a  60  horse-power.  30  cycle,  50  volt  unit.  This 
machine  was  started,  in  regular  operation,  by  applying 
half  line  voltage  to  the  collector  rings,  the  field  wind- 
ing being  short-circuited,  a  method  recently  revived. 
The  low  voltage  was  obtained  by  winding  the  prima- 
ries of  the  lowering  transformers  in  two  equal  sec- 


890,  and  in  America.  Bradl«y  and  others  had  been  en-      tions.   connecting   them    in    series   for   starting   and    in 


gaged  with  more  or  less  success  in  developing  commu- 
tating  machines  of  various  types.  During  the  autumn 
of  i8g2,  the  Westinghouse  Company  invited  the  Cataract 
Construction  Company  to  examine  two  13a  horse-power 
converters  and  on  January  19,  1893,  Dr.  Coleman  Sellers 
and  the  late  Prof.  Henry  A.  Rowland  carefully  tested 
these  machines  in  Pittsburgh.  The  machines  were  simply 
four-pole,  continuous  current.  500-voIt  generators  fitted 
with  ring  collectors.     Continuous  current  at  500  volts  was 


*Proc.  A.  I.  E.  E..  August  23.  1901,  pp.  454-457. 


parallel  for  regular  service. 

The  first  converters  of  large  size  built  in  America 
formed  part  of  the  Westinghouse  exhibit  at  the  Chi- 
cago World's  Fair.  .\  comprehensive  exhibit  was  in- 
stalled in  the  Electricity  Building  illustrating  the  com- 
plete alterna'ang-current  system.  This  exhibit  was  dis- 
tinct from  the  large  Westinghouse  alternators,  trans- 


28 


THE  ELECTRIC  JOURNAL 


formers  and  distributing  systems  installed  to  light  the 
grounds  and  buildings.  In  the  former  exhibit  were 
included  one  375  kw,  two-phase,  30  cycle  alternator, 
fne  375  kw  rotary  converter,  transforming  the  alter- 
nating current  to  direct  current  at  550  volts,  a  60 
horse-power  synchronous  motor,  and  induction  motors 
of  small  size.  The  direct  current  from  the  rotary  con- 
verter was  used  for  driving  a  60  horse-power  direct- 

rurrent  motor,  supplying 
arc  lamps  and  for  other 
purposes. 

The  World's  Fair  ro- 
tary converter  was  de- 
signed in  December,  1892, 
and  with  its  rating  of  375 
kilowatts,  or  500  horse- 
power as  then  expressed, 
it  was  a  giant.  It  was 
probably  the  first  converter 
designed  as  such  and  not 
from  existing  direct-current  generator  parts.  This 
converter  had  laminated  poles  cast  in  the  iron  frame. 
It  was  designed  to  start  from  the  alternating-current 
side,  and  it  was  expected  that  it  would  be  necessary 
to  lift  the  brushes  from  the  commutator  during 
starting.  Before  this  brush-raiising  device  was  con- 
structed— or  even  designed — experiments  showed  that, 
with  the  machines  as  then  designed,  the  brushes 
could  be  left  on  the  commutator  during  the  starting 
period.  This  is  interesting  in  view  of  the  present  use 
of  brush  lifting  devices  with  commutating-pole  con- 
verters. The  field  circuit  was  divided  into  three  sec- 
tions of  two  coils  each  and  each  section  was  inde 
pendently  short-circuited  during  starting.     This  suV 


FIG.  I  —  SKETCH  SHOWING 
VARIATION  OF  FLUX  WITH 
HUNTING 

The  shaded  portion  shows 
the  range  of  flux  changes 
from  A-A  to  B-B. 


Just  before  the  reconstruction  of  this  unit  (in 
March,  1895,)  a  100  horse-power,  30  cycle,  525  volt 
converter  was  sold  under  circumstances  that  necessi- 
tated small  starting  current.  Units  formerly  built  had 
been  operated  on  relatively  large  systems — notably 
Niagara — and  the  verj'  large  starting  current  resulting 
(with  laminated  poles  and  no  dampers)  was  not  ob- 
jectionable. In  this  case  the  100  horse-power  con- 
verter was  to  be  operated  from  a  150  horse-power 
generator  and  alternating  current  self-starting  was  out 
of  the  question.  A  solution  was  found  in  the  addition 
of  the  rotor  of  a  small  induction  motor  to  the  con- 
verter shaft.  This  was  the  first  application  of  the 
well-known  induction  motor  starting  method,  which 
is  still  the  preferable  method  when  small  starting  cur- 
rent is  an  important  factor.  In  the  first  machines,  the 
starting  motor  and  rotary  converter  were  designed 
with  the  same  number  of  poles.  This  led  to  difficulty 
in  reaching  synchronism  in  the  reconstructed  World's 
Fair  machine  and  subsequent  units  (January,  1896, 
and  later)  were  provided  with  starting  motors  having 
fewer  poles  than  the  converter. 

THE    HUNTING    PROBLEM 

In  April,  1894,  two  machines  of  200  kw,  25  cycle, 
350  volt  rating  were  designed  for  excitation  service 
in  the  Niagara  Falls  power  house.  -Soon  after  their 
installation  serious  "hunting"  troubles  developed  in 
spite  of  the  uniform  speed  of  the  water-wheel  driven 
generators  and  absence  of  appreciable  resistance  drop 
between  the  generators  and  rotan,'  converters.  These 
rotary  converters,  in  common  with  other  Westing- 
house  machines  of  the  time,  had  laminated  poles,  cast 
iron  frame  and,  of  course,  w'ere  without  damping  or 


FIG.  2 — DIAGRAMS   SHOWING  DEVELOPMENT  OF  TUB     DAMPING   WINDING 

•4 — ^Forged  copper  damper  without  cross-bars.  B— Cast  copper  damper  witliout  cross-bars.  C— Cast  copper  grid 
damper  used  with  25  cycle  converters.  £)— Cast  copper  grid  damper  used  with  60  cycle  converters.  £— First  form  of 
buih-up  daniper  using  partially  closed  damper  slots,  f— First  "cage"  winding  with  continuous  end  rings.  G— First 
damping  \vmding_  used_  with  cqmmutating-pole  converters.  Damping  winding  did  not  surround  commutating  poles.  H — 
Latest  type  damping  winding  with  continuous  end  rings  used  with  commutating  pole  converters. 


division,  in  addition  to  short-circuiting,  was  necessary 
because  of  the  abnormally  high  voltage  induced  in  the 
field  winding  due  to  the  use  of  laminated  poles  with- 
out dampers  and  due  to  the  relatively  high  exciting 
voltage  of  500  volts.  After  operating  at  the  Worlds 
Fair,  this  unit  was  reconstructed  for  25  cycles  and 
shipped  to  Niagara  Falls  and,  as  far  as  the  writer 
knows,  is  still  in  operation. 


aniortisscur  windings  in  the  pole  faces.  The  first  ex- 
periment, tried  as  a  possible  remedy  for  the  hunting, 
was  the  addition  of  a  relatively  heavy  flywheel  to  the 
converter  shaft.  This  merely  increased  the  period  of 
oscillation.  In  experimenting  with  machines  at  Ni- 
agara Falls,  Messrs.  B.  G.  Lamme  and  Chas.  F.  Scott 
discovered  that,  with  reduced  field  current,  the  hunt- 
ing decreased  and  with  no  field  current — the  entire 
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FIG.   3 — EARLY  CAST  COPPER  DAM 
PER    WITHOUT   CROSS   BARS 


excitation  being  supplied  by  leading  currents  in  the 
armature  winding — the  hunting  entirely  disappeared 
and  the  converters  ran  very  steadily,  but  also  ran  very 
warm.  In  August,  1896,  tests  were  made  at  East 
Pittsburgh  with  one  of  these  200  kilowatt  armatures 
in  a  stator  without  field  winding  and  with  a  very  small 
air-gap — only  1/16  inch  from  armature  to  pole  face. 

With  the  small  air-gap 
the  exciting  current  in 
the  armature  winding  was 
not  excessive  so  that  the 
power  -  factor,  as  com- 
pared with  induction  mo- 
tors, was  not  alarming 
and  the  average  armature 
heating  was  satisfactory. 
The  increased  local  heat- 
ing at  the  tap  coils,  due 
to  even  small  departure 
from  100  percent  power- 
factor,  was  not  manifest 
and  was  not  considered. 
This  induction  rotary 
converter,  as  it  was  call- 
ed, seemed  to  have  so 
many  advantages,  partic- 
ularly in  its  freedom  from  hunting,  that  it  was  advo- 
cated, during  1897,  in  preference  to  the  wound  field 
t3'pe,  and  a  number  of  units  of  this  type  were  placed 
in  operation.  With  the  discovery  of  a  satisfactory 
remedy  for  hunting  in  the  wound  field  type  within 
the  same  year,  and  with  a  better  understanding  of  the 
excessive  local  losses  in  the  converter  armature  at  low 
power-factor,  the  induction  type  of  rotary  converter 
soon  passed  into  history.     It  is  of  interest,  however, 

as  one  step  in  the  so- 
lution of  the  hunting 
problem,  probably  the 
most  important  and 
difficult  problem  that 
arose  in  the  early  de- 
velopment of  the  con- 
verter. An  interesting 
application  of  the  in- 
duction converter  was 
made  a  few  years  later 
as  an  exciter  for  an  in- 
verted converter.  This 
will  be  referred  to 
later. 

During  the  time  that 
hunting    was    interfer- 
ing with  the  operation 
Power    Com- 


.1.  ;     COPPER     GRID     D.\-Ml'tR 

200    kilowatt    Niagara    Falls 


FIG.     -1 

of   the 

pany  units,  the  same  difficulty  was  being  experi- 
enced with  other  units.  In  one  case,  with  some  250 
horse-power.  70  volt  units  installed  in  the  works  of 
the  Chemical  Construction  Compan)'  at  Niagara  Falls, 
the  hunting  was  always  present  but  '^'as  not  so  severe 
but  that  the  converters  would  "hang  on"  for  a  long 


time.  This  condition  afi'orded  a  good  opportunity  for 
study  and  Mr.  B.  G.  Lamme,  assisted  by  Mr.  P.  H. 
Knight,  found,  in  experimentally  determining  the  flux 
distribution  during  the  hunting  (by  measuring  the 
voltage  between  different  commutation  bars),  that  at 
each  pole  tip  a  wide  variation  in  the  flux  occurred 
while  in  the  center  of  the  pole  there  was  little  or  no 
variation.  From  the  fact  that  this  variation  in  flux  oc- 
curred without  causing  a  change  in  the  direct-current 
voltage  between  brush  arms  it  was  concluded  that  the 


FIG.   5 — FIRST  FORM    OF   BUILT   UP   DAMPER 

total  flux  for  each  pole  remained  the  same  and  when 
the  flux  increased  at  one  pole  tip  it  decreased,  corre- 
spondingly, at  the  other  pole  tip.  These  flux  changes 
are  illustrated  in  Fig.  i.  With  this  fact  established,  a 
logical  remedy  for  hunting  readily  suggested  itself.  A 
closed  circuit  of  low  resistance  placed  in  the  path  of 
this  varying  flu.x  would  supply  the  counteracting  force 
required.  This  was  accomplished  by  adding  copper 
"shields,"  as  they  were  first  called,  to  the  pole  faces. 
These  shields  were,  in  the  first  example,  made  of  % 
inch  sheet  copper  forged  to  the  shape  shown  in  Fig. 
3-a.  Their  first  application  was  for  the  200  kilowatt 
Niagara  Falls  Power  Company  converters  in  Novem- 
ber, 1896.    The  commercial  importance  of  this  discov- 


FIG.    6 — CONVERTER   FIELD    POLE   OF    RECENT   DESIGN 

With  cage  damper  winding,  ventilated  shunt  field  wind- 
ing and  bare  strap  series  winding. 

ery  was  appreciated  and  patents  were  applied  for.  It 
was  then  found  that  Messrs.  Hutin  and  Leblanc,  sev- 
eral years  before,  had  discovered  and  patented  the 
same  principle  of  "deadening  windings,"  or  "amortis- 
seurs,"  and  the  Westinghouse  Company  secured  the 
American  rights  to  the  Hutin  and  Leblanc  patent.* 
It  is  evident  that  the  most  effective  damping  winding 


*U.  S.  Patent  Xo.  520272,  applied  for  Aug.  20,  1892. 
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I-  tne  one  mosi  cumpiciciy  cmcnng  lac  pain  oi  tuc 
van"ing  flux — the  pole  face.  In  the  form  of  the 
damper  first  used  in  America,  the  metal  over  the  pole 
face,  as  will  be  evident  from  Fig.  i,  was  more  effective 
than  the  metal  surrounding  the  pole  body.  The  flux 
changes  to  some  extent  in  the  space  between  poles  but 
not  as  much  as  in  the  air-gap.  The  most  effective 
form  of  damping  winding  was  obtained  through  a 
more  or  less  regular  development  as  shown  in  the  sc- 
ries of  sketches.  Fig.  2  {A  to  //i. 

One  accidental  difference  in  the  early  design  prac- 
tice of  the  Westinghouse  and  General  Electric  Com- 
panies led  to  very  different  initial  experiences  with 
hunting  troubles.  Both  companies,  in  the  design  of 
rotary  converters,  followed  their  direct-current  gen- 
erator practice.  \\'estinghouse  generators  were  de- 
signed with  laminated  jwles  while  (jeneral  Electric 
generators  were  usually  designed  with  solid  poles.  In 
the  latter,  hunting  was  experienced  only  infrequently 


FIG.   7 — ZAKLY   400   KW,  6o   CVCtE,   550  VOLT,  4OO  R.P.M.,    18   POLE 
ROTARY   CONVERTER   WITH    IXDCCTION   ST.\RTIN',    MOTOR 

and  then  to  a  limited  degree,  due  to  th'  ,    l 

tion  of  the  solid  poles ;  so  hunting  troubles  were  much 
more  frequent  with  early  \\"estinghouse  converters, 
and  in  the  investigation  of  these  difficulties  Westing- 
house  engineers  had  a  long  start  in  the  solution  of 
the  problem.  When,  however,  the  General  Electric 
Company  began  to  use  laminated  poles  (solid  poles 
were  foimd  to  be  impracticable  with  high  frequency' 
converters"),  their  engineers,  too,  discovered  disturbing 
characteristics  in  the  undamped  machines.  The  en- 
gineers of  the  General  Electric  Company  then  adopted 
a  damping  grid,  as  a  solution  of  these  hunting  trou- 
bles, but  the  grid  was  located  only  in  the  space  between 
adjacent  poles:  "inserted,  not  in  the  path  of  the  main 
flux,  that  is,  in  the  poles,  but  midway  between  the 
poles.*"  This  form  of  damper  was  retained  for  a  num- 
ber of  years  wnthout  essential  change.  While  it  was 
partially  effective  it  was  by  no  means  as  effective  as 
the  complete  grid  developed  during  the  year~  iSr/i  to 


lyoo  by  \\  estiiighouse  engineers.  The  engineers  of 
the  General  Electric  Company  placed  much  less  reli- 
ance on  the  damping  grids  as  a  complete  solution  of 
ihe  hunting  trouble  than  did  \\'estinghouse  engineers 
and  paid  more  attention  to  securing  favorable  condi- 
tions in  the  electrical  circuit.    Unless  such  favorable 


rYrBfl"  *'-  T 


^  ,  ^  LE  CONVERTER 

conditions  could  be  obtained  they  recommended  the 
use  of  motor-generators  sets  instead  of  rotar}-  con- 
verters.* To  this  difference  in  early  damper  practice, 
more  than  to  any  other  single  factor,  may  be  ascribed 
the  greater  freedom  from  hunting  with  \\'estinghouse 
converters  (after  effective  dampers  were  added). 

IX\-ERTED    COX\-ERTERS 

In  the  latter  part  of  1896.  a  250  horse-power.  70 
volt  converter,  under  construction  by  the  Westing- 
house  Company  for  the  Chemical  Construction  Com- 
pany of  Niagara  Falls,  ran  away  dv.'-^cr  '•'-  "  'vie  o^- 


K:  -  --  !-E    R-MLW.^y    COSXTatTER 

For  Manhattan  Railway, 
erating  inverted.  The  reason  could  not  be  determined 
but  it  was  assumed,  since  it  was  running  from  direct- 
current  power,  that  the  excitation  circuit  had  become 
broken.  Some  months  later  a  rotary  converter  was 
installed  in  the  Westingliouse  power  station  a?  a  con- 


•Mr.  E.  J.  Berg.  Pr.x.  .\.  I.  E.  E..  .\ug.  2'.  I     I. 
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necting  link  between  the  alternating  and  direct-current 
supply  circuits.  On  one  occasion,  when  the  alternat- 
ing-current load  was  ver\-  light,  consisting  merely  of 
unloaded  induction  motors,  the  alternating-current 
generators  were  shut  down  and  the  small  alternating- 


FIG.     10 — E.iKLV     ArPLICAIlOX     OF     INVERTED     CONVERTERS     WITH 
DIRECT-CURREXT  EXCITERS  FOR   HOLDING   CONSTANT  FREQUENCY 

Union  Railway,  Providence,  R.  I. 

current  load  was  placed  on  the  rotary  converter.  The 
rotary  converter  immediately  ran  away  and  wrecked 
itself.  An  investigation  established  the  facts  and  the 
reason  was  understood — the  low  power-iactor  alter- 
nating current  demagnetized  the  converter  field  and 
caused  the  fatal  increase  in  speed.    Further  investiga- 


FIG.    II — A    7  5i.u    xv".'.     1  2u    ~ti_.jXii    i-r,AK    KAii.Nui.    2$    CYCLE,   60O 
VOLT,    187    R.P.M.,    COMMUTATING-POLE   ROTARY    CONVERTER 

Installed  by  the  Interborough  Rapid  Transit  Company  in 
191 1  in  the  space  formerly  occupied  by  a  1500  lew  (30GO  kw 
momentary  rating)  unit  of  the  design  shown  in  Fig'  9. 

tion  of  the  previous  accident  before  referred  to,  then 
developed  the  fact  that  in  that  case,  also,  a  low  power- 
factt)r  load  had  been  placed  on  the  alternating-current 
side  of  the  converter.     These  two  accidents  led  to  a 


suggestion  from  Mr.  B.  G.  Lamme  that  a  direct-con- 
nected exciter  be  added  to  the  shaft  of  inverted  con- 
verters so  that  any  increase  in  speed  would  result  in  a 
corrective  increase  in  exciting  current.  This  plan  was 
carried  out  in  the  reconstructed  power  station  con- 
verter and  its  success  led  to  its  adoption  for  all  sub- 
sequent installations.* 


FIG.  12 — A  I  000  KW,  25  CYCLE,  750  R.P.M.,  COMMUTATING-FOLE 
CONVERTER  (ix  BACKGROUND)  IX  SAME  STATION  WITH  A  I  000 
KILOWATT,   375   R.P.M.,    NOX-CXIMMUTATINC-POLE   UNIT 

Showing  the  marked  reduction  in  size  due  to  the  use  of 
commutating  poles. 

A  similar  method  of  speed  regulation  was  used 
some  years  later  in  Dublin,  Ireland.**  .\n  induction 
converter  connected  to  the  alternating-current  mains 
was  used  as  an  auxiliar}-  exciter,  the  change  in  power- 
factor  of  the  alternating  current  directly  changing  the- 
direct-current  exciting  voltage  furnished  by  the  induc- 
tion converter  and  so  maintaining  constant  excitation 
and  speed. 

THREE-WIRE  OPERATIOX 

A  limitation  of  the  rotarj-  converter,  that  during 
the  early  years  was  supposed  to  exist,  was  tlie  impos- 
sibility,- of  operation  on  thjee-wire  direct-current  sys- 
tems.   In  1898  the  assifineiff*1mpossibility  of  operating 


FIG.    13 — A  2000  KW,   375   R.P.M.,   COMMUTATING-POLE    CONVERTER 
IN   THE   SAJME   STATION    WTtH   AN  OLDER    SLOW    SPEED   UNIT 

United  Railways,  Baltimore. 

two  converters  in  parallel  from  the  same  alternating- 
current  circuit  and  in  series  on  the  direct-current  side 
to  supply  a  three-wire  system  was  pointed  out  in  an 
English  paper.f  the  author  overlooking  the  easy  elec- 
trical separation  of  the  alternating  and  direct-current 


*U.   S.   Patent,   B.  G.  Lamme.   Xo.   60601^,  applied   for 
Feb.  10.  1898. 

*''Proc.  Institution   Electric  Eng.,   March   14,    1910,   page 

i^Proc.  Institution  Electrical  Eng.,  1898,  page  697. 
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circuits  made  possible  by  the  use  of  separate  trans- 
formers on  the  alternating-current  side.  In  the  pre- 
vious year,  a  lOO  kilowatt,  two-phase  converter  for 
three-wire  circuits,  built  by  Alioth,  was  described  in 
which  the  problem  of  three-wire  operation  was  crudely 
solved  by  providing  two  distinct  windings,  two  com- 
mutators and  two 
sets  of  collector 
rings  on  the  sin- 
gle unit4  In  1896 
the  Westinghouse 
Company  sold  a 
250  kilowatt,  60 
cycle,  300  volt, 
converter  of  stan- 
dard construction 
to  the  Hartford 
E  1  e  c  t  r  ic  Light 
Company  for 
operation  on  their 
three-wire  light- 
ing circuits.  The 
Hartford  C  o  m- 
p  a  n  y  purchased 
this  unit  without  knowing  the  scheme  of  operation 
contemplated  by  the  Westinghouse  Company  and  in 
spite  of  very  positive  statements  by  other  engineers 
that  the  operation  of  an  ordinary  converter  on  three- 
wire  circuits  was  an  impossibility.  The  successful 
operation  of  this  installation  was  observed  shortly 
after  its  completion  by  a  very  skeptical  group  of  dis- 


14 — MODERN     2000     K\V,     25     CYCLE   I 

Philadelphia  Rapid 


SIXTY  CYCLE  CONVERTERS 

This  Hartford  converter  is  of  interest  also  be- 
cause it  was  the  first  sixty  cycle  converter  (of  more 
than  laboratory  size)  shipped  from  the  Westinghouse 
Works.  The  greater  difficulty  of  designing  high  fre- 
quency converters  was  generally  recognized.    In  1901 

an  English 
writer**  voiced 
the  opinion  very 
generally  held  at 
that  time  by  en- 
gineers in  Europe 
and  America, 
that : — 

"It  is  not 
too  much  to  say 
that  the  limit  of 
successful  oper- 
ation of  these 
machines  is 
reached  at  forty 
cycles  .... 
Above  the  fre- 
([uency  of  forty 
cycles  there  are 
two  great  diffi- 
culties in  the 
way  of  success- 
ful working  — 
good  parallel  running  of  the  rotaries  becomes  extremely 
difficult,  the  machines  hunting  at  the  slightest  provoca- 
tion ;  and  the  question  of  commutation  becomes  a  very 
difficult  one  to  solve  in  a  satisfactory  manner." 

The  opinion  of  Westinghouse  engineers  was  de- 
cidedly more  favorable  to  the  sixty  cycle  converter 
tHan  that  just  quoted.  Up  to  1901,  the  Westinghouse 
Company  had  sold  appro.ximately  50000  kilowatts  of 


111(1    \iil  I     rciM  M  r  I  AT1N(,,-I 

Transit  Company. 


1   iULi     KW,    60    CYCLE.    600    VOLT   5 

Windemcre   Sub-station,  Cle 


tinguished  engineers.  The  neutral  was  of  course, 
obtained  from  the  two-phase  lowering  transformers 
independently  of  the  rotary  converter — a  scheitie  that 
has  since  been  generally  used.* 


tElcctrtcian  (London),  Jan.  8,  1807. 

*U.  S.  Patent  covering  three-wire  direct-current  distri- 
bution with  rotary  converters,  No.  571  863,  Mr.  B.  G.  Lamme. 
Applied  for  April  6,  1896. 


14  R.P.M..  COMMUTATING-POLE   CONVERThh^ 

veland  Railways  Company, 
converters  for  frequencies  of  sixty  cycles  or  higher, 
and  the  operation  of  these  machines,  while  admittedly 
more  sensitive  than  that  of  converters  of  lower  fre- 
quency, was  sufficiently  good  to  obtain  and  hold  the 
i-onfidence  of  their  operators. 


**Some  notes  on  Polyphase  Substation  Machinery,  Proc. 
/.  E.  E.,  Mar.  14,  1901,  p.  750. 
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The  first  Westinghouse  sixty  cycle  railway  con-      cUFliculty  was  completely  removed  by  using  separate 
verters  were  designed  in    July,   1896,  for    the    Utah      hanks  of  transformers  or  secondaries  for  each  con- 


Fower  Company.  Two  400  kilowatt,  550  volt,  400 
r.p.m.  units  with  a  single  bank  of  transformers  were 
installed   in   a   sub-station   and    supplied   with   power 


\ trter,  a  practice  in  almost  universal  use  at  the  pres- 
ent time.* 

The  design  of  sixty  cycle  converters  changed  very 


lie.    1  'p — I  NM  AI.LA  IKi.N    111-    M  .\  K    J  5uu    KW,    50U    M  il.  1 .    ^uil    k.l'.M.,    Ou    CYCLE    WESTINGHOUSE    ROT.KKY    CONVERTERS 

Al  the  works  of  the  Akiminum  Company  of  America  at   Maryville,   Tennessee.     This   is  the  largest  60  cycle   installa- 
tiiin  and  uses  the  largest  i.nits  at  the  highest  speed    (in  proportion  to  capacity)  of  any  in  operation. 

from  two  750  kilowatt  water-wheel  driven  generators,      little  froin  the  machines  with  grid  dampers  designed 
Troubles  from  hunting  and  from  unequal  division  of     in  1900  until  a  radical  change  in  design  proportions  was 


load  (when  the  two  units  were  operated  in  parallel) 
were  experienced  as  soon  as  the  converters  were  put 
in  operation.  The  hunting  was  stopped  by  the  addi- 
tion of  dampers  around  the  poles.  A  copper  plate  on 
each  pole  face  was  also  tried  but  the  plates  heated 
and  increased  the  losses  so  that  they  had  to  be  taken 
off.  This  same  plate  damper  at  a  later  date  was  used 
quite  extensively  and  successfully  on  alternators  with 


FIG.     17 TWO    I  500     KW    .\Xn    ONE     T    OOO    KW.    On   ("VCI.E    IIOOSTIR    (  OXVERTEUS 

Philadelphia  Electric   Company.     This   is   the    largest  installation  of  60  cycle  hooster  converters 
in  operation. 

partially  closed  slots,  but  the  open  slots  in  rotary  con- 
verters made  its  use  impossible.  The  unequal  division 
of  load  was  not  corrected  but  was  avoided  by  making 
one  converter  carry  all  the  load  which,  fortunately, 
could  be  successfully  done.     In  later  installations  this 


inaugurated  in  1909  by  the  design  of  a  new  Westing- 
house  500  kilowatt  unit.  In  1898  the  500  kilowatt,  60 
cycle,  500  volt  unit  had  an  armature  core  60  inches 
in  diameter  and  15.5  inches  in  width,  the  speed  being 
400  r.p.m.  In  1903  the  speed  was  increased  to  600 
r.p.m.  and  the  armature  core  was  reduced  to  45  inches 
diameter,  the  width  remaining  15.5  inches.  In  1909 
I  he  speed  was  again  increased  50  percent  to  900  r.p.m., 

.the  armature  dia- 
m  e  t  e  r  was  de- 
c  r  e  a  s  ed  to  36 
inches  and  the 
width  to  12  inches, 
he  most  import- 
ant changes,  how- 
ever, were  an  in- 
crease in  the  num- 
)er  of  commutator 
bars  between  brush 
arms  from  36  to 
45  (an  increase  in 
c  o  m  m  u  t  a  t  o  r  pe- 
r  i  p  h  e  r  a  1  speed 
from  4  600  to  3  200 
feet  per  minute, 
m  a  k  i  n  g  possible 
this  increase  in 
number  of  bars),  better  proportions  of  pole  width  and 
bevel  so  as  to  secure  a  wide  commutatinsr  zone,  and  a 


*Operation  of  Synchronous  Converters  (Sixty  Cycle  Con- 
verters Seattle  Elec.  Co."),  S.  S.  Lindsay,  Proc.  A.  I.  V    E 
.\pril  4.  1004.  pp.  3-15-348. 
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marked  increase  in  the  number  of  damper  bars  in 
each  pole,  resulting  in  a  still  more  effective  damper.* 
These  imijr(nement>  in  design,  resulting  in  ijetter  com- 
mutation, less  sensitiveness  to  brush  position,  line  dis- 
turbances and  conditions  tending  to  set  up  hunting, 
greatly  stimulated  the  use  of  sixty  cycle  converters. 


J^F^   • 


500  kw,  25  cycle  railway  units  were  built  during  an 
'.qual  period  with  thirty-three  60  cycle  units.  These 
improvements  in  design  have  also  opened  the  field  to 
I  be  larger  sixty  cycle  units.  During  the  past  two 
years  i  500,  2  000,  and  2  500  kilowatt  units  have  been 
]ilaced  in  f)peration  in  ai)plications  where  five  years 
ago  sixty  cycle  converters  would  not  even  have  been 
considered.  In  1912  the  Cleveland  Railways  Com- 
pany installed  nine  i  500  and  two  i  000  kilowatt  com- 
inutating  pole,  600  volt  converters,  purchasing  power 
from  the  Cleveland  Electric  Illuminating  Company. 
This  was,  at  the  time,  the  largest  installation  of  60 
cycle  converters  in  operation.  It  is  an  interesting  fact 
that  had  sixty  cycle  converters  been  considered  im- 
])racticable  for  this  ai)plication,  and  had  motor-gener- 
ator sets  been  used,  the  central  station  could  not  have 
successfully  competed  in  cost  of  direct-current  power 
with  an  isolated  twenty-five  cycle  generating  station.* 
That  the  sixty  cycle  central  station  has  an  effective 
allv  in  the  modern  sixty  cvcle  converter  in  the  cam- 


Fin.     l>^-     A    J  Uinj     l.W.    ()0    I'lLLI-.,    -7(J    VOI.T.    400    K.P.M., 
liOOSTER    CONVF.RTKR 

Now  in  operation  at  the  Cleveland  Electric  Illuminating 
Company.  This  i.s  the  largest  individual  60  cycle  booster  con- 
verter in  operation.  The  relay  for  ci unrolling  the  commutat- 
ing-polc  excitation  automatically  is  mounted  on  the  converter 
frame  as  shown. 

In  1912  the  ai)i)lication  of  conimutating  poles  to  sixty 
cycle  converters  still  further  improved  their  operating 
characteristics  and  to-day  the  use  of  sixty  cycle  con- 
verters, particularly  in  sizes  under  1  000  kilowatts,  is 
becoming  even  more  general  than  the  use  of  iwcntx- 
five  cycle  units.     As  an  illustration  of  tliis  tendency. 


no.    II) — THK    FIRST    LARC.E    llooSTKK    CONVERTERS 
Bt_'ILT    IN    AMERICA 

I  000  kw,  25  cycle.  270  volt,  1S7  r.p.m.     Installed  by  the 
New  York  Edison  Company. 

the  Westinghouse  Comjiany  built  only  six  300  kw. 
25  cycle  railway  units  during  the  same  jieriod  that 
thirty-eight  60  cycle  units  were  built,  and  only  eighteen 


*Soon  after  the  completion  of  this  design,  a  unit  was  in- 
stalled in  the  same  station  with  a  horizontal  gas  engine  driven 
alternator  from  wliich  it  received  power.  The  new  unit  op- 
erated without  hunting  while  older  60  cycle  converters  in  the 
same  station  liaving  datnping  grids  formed  of  a  small  num- 
ber of  large  bars  of  low  resistance,  hunted  perceptibly. 


IK,.   21) — 3000    KW,  -'3    I'Vri.F.   \i:HTUAI.    SIIAKT  CO.M  .M  UT.MIXc;- 
POLE    BOOSTER    CONVERTER 

Built  in  i<)i2  for  the  New  York  Edison  Company. 

paign  for  the  centralization  of  power  supply,  needs  no 
lietter  exanii)le.  During  the  early  part  of  1914  the 
Aluminum  Company  of  America  jilaced  in  operation 
in  its  Tennessee  plant,  a  still  larger  installation  of 
sixty  cycle  converters — nine  2  500  kw,  500  volt  units. 
Tliis  installation  is  not  only  the  largest  in  aggregate 
capacity  but  the  individual  units  are  the  largest  sixty 
cycle  units  in  capacity  and  the  highest  in  speed  (in 
jiroportion  to  rating)  of  any  in  operation.  Here,  also, 
sixty  cycle  converters  made  it  possible  to  use  power 
from  an  existing  power  development — the  Tennessee 
Power  Company.  These  converters  are  operating 
successfully  under  the  continuous  load  conditions  of 
electrolytic  service  and  at  the  end  of  a  long  transmis- 
sion system  passing  through  country  .subject  to  very 
severe  lightning  storms.f 

SIX-PHASE    CONVERTERS 

The  practice,  which  for  large  units  is  now  univer- 
sal,  of  providing  a  six-phase  armature   winding   for 


♦Sixty  Cycle  Rotary  Converters.  Proc.  A.  I.  E.  E..  March. 
101.4.  Mr.  L.  P.  Crecelious. 

tHigh  Speed  Rotary  Converters.  J.  L.  McK.  Yardley, 
see  the  Journal  for  October.  I()T4,  p.  563. 
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.'xnnection,  through  transformers,  to  a  three-phase 
transmission  circuit  or  generator  was  originated  by 
Mr.  R.  D.  Mershon  in  1895.*  The  increase  in  current 
capacity  of  the  armature  winding  obtained  by  increas- 
ing the  phases  from  three  to  six  was  understood  at 
the  time  and  described  in  the  patent  specification. 
While  this  invention  was  made  by  a  member  of  the 
Westinghouse  organization  it  was  first  used  generally 
by  the  General  Electric  Company. 

VOLTAGE   CONTROL 

In  the  early  competition  between  the  rotary  con- 
verter and  the  two-unit  motor-generator  set,  the  rigid 
relation  between  the  alternating  and  direct  voltages 
in  the  converter  was  its  greatest  handicap.  Engineers, 
interested  in  the 
development  of  the 
converter,  were 
particularly  active, 
therefore,  in  de- 
vising schemes  to 
overcome  this  dis- 
advantage. One  of 
the  first  and  most 
important  methods 
of  voltage  control 
to  be  used  was  the 
series  field  wind- 
ing in  combination 
with  reactance  in 
the  alternating- 
c  u  r  r  c  n  t  circuit. 
The  first  Westing- 
house  compound- 
w  o  u  n  d  converter 
was  the  150  horse- 
power, 30  cycle 
unit  designed  in 
March,  1895,  and 
previously  m  e  n  - 
tioned  as  the  first 
induction       motor-  „^    2i-first   3500    kw,   25    cv 

started      converter.  Designed   and   built   for   the    New 

This  converter  was   ""'t^'  together  with  the  3000  kw  luiit' 
miitating-pole   booster   converters  built 
m  a  d  e     compound 

wound  with  tlie  purpose  of  eliminating  voltage  drop 
in  the  generator  and  line  due  to  the  converter  current. 
No  additional  reactance  was  placed  in  the  circuit,  de- 
pendence being  placed  on  the  unavoilable  self-induc- 
tion in  the  circuit.  This  scheme  was  suggested  by  Mr. 
B.  G.  Lamme.**  At  the  same  time,  Mr.  R.  D. 
Mershon  proposed  the  addition  of  reactance  to  in- 
crease still  further  the  regulating  efl:'ect  of  the  leading 
current  caused  by  the  S€ries  winding.f  Previous  to 
the  use  of  series  windings  by  !Mr.  Lamme,  Mr.  C.  P. 
Steinmetz  used  a  heavy  series  winding  on  certain  con- 
verters  for  the  purpose  of  regulating  the  voltage  at 


the  end  of  a  transmission  line.  These  converters  were 
destroyed  by  fire  before  their  installation  and.  conse- 
quently, were  never  operated.  Mr.  Steinmetz  applied 
for  patents  on  the  voltage  regulating  feature  Ijut  the 
claims  were  antedated  by  Mr.  Lamme's  patent*  cov- 
ering broadly  the  principle  of  phase  adjustment  and 
voltage  regulation  by  over-excited  synchronous  ma- 
chines. 

X'oltage  regulation  by  series  windings  and  reac- 
tance was  very  generally  applied  to  converters  for 
railway  service  where  automatic  compounding  was 
desirable  but  where  exact  voltage  regulation  was  not 
necessary.  In  lighting  service,  on  the  other  hand,  the 
automatic    feature    is    seldom    important,    due    to    the 

relatively  slow  load 
:banges,  but  very 
close  voltage  regu- 
lation is  essential. 
The  m  e  t  h  o  d  of 
\oltage  control  uni- 
versally used  for 
railway  service  is 
not  at  all  suitable 
for  lighting  service 
ind  other  methods 
have  had  to  be  de- 
vised. It  is  inter- 
esting to  discover 
that  one  of  the 
first  methods  to  be 
suggested  has  JDcen 
the  last  to  be  gen- 
erally adopted.  In 
1S93  —  practically 
the  first  year  in 
which  w  0  r  k  of 
"omincrcial  \alue 
with  rotary  con- 
verters was  done — 
Mr.  Chas.  F.  Scott 
11.  27U  vu,T  ,:,,us,rK  roxvF.RT^Rs  suggested  the  addi- 

Vork  Edison  Companv  in  1912.     These   to  the    rotary    con- 
sl-own  in  Fig.  20,  were  the  first  com-  ..grter  of  an  alter- 
in  .America. 

nating-current  gen- 
erator, acting  as  a  synchronous  booster.**  The 
scheme  w-as  patented  in  England  in  1S95  bv  Black- 
burn and  Spence.j  At  the  Paris  Exposition  of 
1900  the  .\llgemeine  Electricitats  Gesellschaft  ex- 
hibited a  converter  of  this  type,  but  it  was  not  until 
1907  that  a  commercial  application  of  any  size  was 
made  in  this  country.  In  that  year  the  Westinghouse 
Company  built  seven  i  000  kilowatt  units  for  the  New 
York  Edison  Company.  Since  that  time  this  method 
of  voltage  control  has  practically  superseded  all  other 
methods  for  lighting  service  and  over  120000  kilo- 
watts of  booster  converters  have  been  installed  in  the 


*U.  S.  Patent  No.  t^6  3=;9,  applied  for  April  11,  1805. 
**U.  S.  Patent  No.  vi  8?6.  filed  April  6,  i8g6. 
tU.  S.  Patent  No.  571  863 


*No.  582  131,  filed  March  27.   i8()i. 
**U.  S,  Patent  No.  515885.  filed  March  27,  1893. 
tNo.  ir  153.     Referred  to  in  discussion  of  paper  by  S.  P. 
Thompson  on  Rotary  Converters,  T.  E.  E.,  1898,  p.  697. 
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United  States  in  lighting  service  alone.  The  booster 
was  applied  at  first  only  to  the  twenty-five  cycle  con- 
verters operated  by  lighting  and  electrolytic  com- 
panies. During  the  past  two  years  sixty  cycle  con- 
verters of  this  type  have  also  been  built  for  lighting 
service,  replacing  motor-generator  sets  that  had  been 
used  exclusively  before  this  time  for  this  service. 

Before  the  booster  type  of  converter  came  into  its 
own,  two  schemes  of  voltage  control  for  lighting  serv- 
ice were  used.  The  polyphase  induction  regulator, 
originally  used  by  the  General  Electric  Company  about 
1900  with  converters  built  for  the  New  York  Edison 
Company,  was  very  generally  used  by  both  the  Gen- 
eral Electric  and  Westinghouse  Companies  prior  to 
1907;  the  split  pole  converter  originally  proposed  by 
Mr.  J.  L.  Woodbridge  of  the  Electric  Storage  Battery 
Company  in  1899*  and  developed  commercially  by  the 
General  Electric  Company  during  the  years  1908-12, 
was  applied  to  a  much  less  extent.     The  relati\e  ini- 


machines  was  first  used  and  patented  by  Mr.  B.  G. 
1-amme.*  Both  Westinghouse  and  General  Electric 
Companies  used  this  method,  but  the  practice  of  the 
two  companies  changed  as  the  design  of  their  con- 
verters developed  in  divergent  directions.  The  Gen- 
earl  Electric  converters  \»''^''  solid  poles,  or  w^ith  lam- 
inated poles  and  high  resistance  dampers  between  the 
poles,  started  satisfactorily  as  induction  motors  with 
relatively  small  line  current.  On  the  other  hand,  the 
Westinghouse  converters  with  laminated  poles  and 
heavy  low  resistance  dampers  required  much  larger 
line  currents.  These  differences  in  converter  design 
led  the  General  Electric  Company  to  retain  the  alter- 
nating current  self-starting  method  while  the  West- 
ingliouse  Company  abandoned  it  in  1895  in  favor  of 
the  separate  induction  starting  motor.  Some  years 
later,  when  the  true  cage-damper  winding  had  been  de- 
veloped, which  through  the  use  of  a  large  numlier  of 
bars  in  each  pole  conil)ined  the  necessary  damping  ef- 


FIC.    22 — 2000    KW.    25    CYCLE,    2/0   VOI.T.    300    R  P.M.,    COM  MUT.'^TINC-POLE     BOOSTER     CONVERTER     ON     TEST 

1500  amperes  per  brush  arm,  50  percent  overload  (11  000  amperes)    carried   for   two   hours   on   test  by   loading  back 
method.     Built  in   1914  for  the  Cominonwealth  Edison  Company. 

portance  of  these  three  methods  of  voltage  control  feet  with  sufficient  resistance  for  good  starting,  the 
is  indicated  by  the  following  figures,  showing  the  ro-  Westinghouse  Company  returned  to  the  alternating 
tary   converters   of   each    type   installed   by   the  three      current  self-starting  method  as  its  standard.     While 


largest   American   lighting  companies  using   23    cycle 
rotary  converters : 

Induction  regulator  180  000  kilowatts 

Split  pole    I  r  000  kilowatts 

Synchronous  booster    98000  kilowatts 

Wliilc  at  the  present  time  the  induction  regulator 
controlled  converters  iircdoininatc,  this  condition  will 


even  with  modern  damper  windings  the  self-starting 
method  requires  larger  currents  at  lower  power-factors 
than  does  the  separate  induction  motor  method,  these 
disadvantages  are  accepted  by  .-\.merican  operatin.g 
engineers  in  order  to  obtain  the  overbalancing  advan- 
tage of  automatic  synchronizing.     On  the  other  hand. 


not  continue,  a-^  the  bulk  of  these  units  were  installed  ^'-"g'ish  operators  object  to  the  large  starting  current 
prior  to  190S  and  practically  all  new  equipment  is  of  "f  I'^e  self-starting  method  and  in  England  the  sepa- 
the  booster  type. 


METHODS  OF   ST.\RTING 

As  has  been  pointed  out,  the  first  converters  built 
were  started  from  the  alternating-current  side  by  the 
application  of  partial  voltage  to  the  converter  arma- 
ture winding.     This  method  of  starting  synchronous 


rale  starting  motor  is  the  more  common  method.  Re- 
cently an  improvement  in  the  separate  starting  motor 
method  has  been  introduced  in  England  by  Mr.  E. 
Rosenberg  and  in  this  country  by  Mr.  James  Burke.** 
by  which  the  main  advantages  of  the  two  methods  are 


*U,  S.  Patents  Xcs.  679812  and  670813. 


*U.  S.  Patent  No.  519862,  applied  for  April  5,  1893. 
**U.  S.  Patent  Xo.  i  073  662. 
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combined.  The  starting  motor  winding  is  connected 
in  series  with  the  converter  armature  so  that  while  the 
converter  will  start  with  very  small  line  current,  it 
will  lock  into  step  automatically  when  synchronous 
speed  is  reached.  The  small  current  involved  does 
not  cause  a  reversal  of  converter  polarity,  as  fre- 
quently happens  when  the  self-starting  method  is  used, 
and,  in  commutating  pole  converters,  it  is  unnecessary 
to  lift  the  brushes  from  the  commutator  during  the 
starting  period. 

COMMUTATING-POLE   CONVERTERS 

One  of  the  latest  and  most  important  develop- 
ments in  the  history  of  rotary  converters  has  been  the 
addition  of  com- 
mutating poles. 
Without  question, 
no  change  in  de- 
sign since  the 
development  of 
an  effective 
damper  in  1896 
and  1897  has 
meant  more  in 
the  development 
of  the  rotary 
converter  than 
has  this  change. 
In  a  single  year 
complete  lines  of 
machines  were 
redesigned 
— speeds  were 
doubled,  weights 
and  floor  space 
greatly  reduced, 
efficiencies  i  n  - 
creased  and  com- 
mutation placed 
on  a  totally  dif- 
ferent plane. 
What  this  improved  performance  means  in  the  fur- 
ther application  of  the  rotary  converter  can  only  be 
imagined. 

When  rotary  converters  were  first  designed  they 
followed  the  design  proportions  of  direct-current  gen- 
erators. Naturally  the  small  effective  armature  cur- 
rent of  the  converter  resulted  in  relatively  small  arma- 
ture reaction  and  commutating  poles  would  have  been 
of  little  benefit.  However,  as  the  design  of  rotary  con- 
verters developed — mainly  in  the  direction  of  higher 
speeds,  requiring  fewer  poles,  and  relatively  weaker 
field  strength,  the  armature  reaction  became  propor- 
tionately greater,  and  commutating  poles  became  of 
greater  benefit.  These  conditions  explain  the  com- 
paratively recent  use  of  commutating  poles  in  rotary 
converters  and  the  important  improvements  that  re- 
sulted when  they  were  applied. 

The   first  commutating  pole  converters   of   large 


FIG.  23 — 4  000  KW,  25  CYCLE,  600  VOLT,    214    R.P.M.     (  12  000    KW    PE.\K    R.\TING) 

CONVERTER 

Built  in  1914  for  the  Interborough  Rapid  Transit  Company.  This  unit  weighs 
60  percent  of  the  weight  of  the  lower  speed  unit  shown  in  Fig.  II,  which  had 
a  guaranteed  peak  rating  of   only  7  500  kw. 


size  in  this  country  were  built  by  the  General  Electric 
Company  in  the  latter  part  of  191 1.  These  were  2  000 
kw,  25  cycle,  600  volt,  250  r.p.m.  units  built  for  the 
Rhode  Island  Company.  This  design  superseded  a 
non-commutating  pole  design  of  187  r.p.m.  For  sev- 
eral years  previous  to  this  time  the  British  Westing- 
house  Company  had  been  building  commutating  pole 
machines.  About  the  same  time  as  the  design  of  the 
General  Electric  units,  the  American  Westinghouse 
Company  built  experimentally  a  i  500  kw,  25  cycle, 
600  volt,  500  r.p.m.  unit,  (the  existing  i  500  kilowatt 
design  had  a  speed  of  250  r.p.m.)  and  on  the  basis  of 
the  performance  of  this  unit  designed  and  built  early 
in  1912  a  line  of  commutating  pole  converters  of  cor- 
responding high 
speed.  The  300, 
500  and  I  000 
kilowatt  units 
operated  at  750 
r.ii.m..  the  2  000 
kilowatt  unit  at 
375  r.p.m.,  the 
3  000  kilowatt 
unit  at  250  r.p.m., 
and  other  units 
at  prop  ortional 
speeds. 

Commutating 
poles  have  also 
been  applied  to 
the  booster  con- 
verter. This  was 
a  problem  of 
some  difficulty  be- 
cause  of  the 
variable  armature 
reaction  existing 
with  diflferent 
conditions 
of  booster  exci- 
tation. It  was 
solved  by  ^lessrs.  B.  G.  Lanime  and  J.  L.  Yardley 
by  the  use  of  two  windings  on  each  commutating 
pole — one  excited  in  proportion  to  the  armature  cur- 
rent, as  in  other  commutating  pole  machines,  and  the 
other  excited  in  proportion  and  in  the  same  direction 
as  the  booster  field  winding.  The  first  commutating 
pole  booster  converters  were  some  3  500  kilowatt  hori- 
zontal shaft  units  and  3000  kilowatt  vertical  shaft 
units  built  for  the  Xew  York  Edison  Company  during 
1912. 

SUMM.\RY 

It  seems  fitting,  in  closing  this  brief  sketch  of  the 
history  of  the  rotary  converter,  to  call  attention  to  the 
three  different  periods  into  which  history  may  be 
divided. 

I — The  experimental  period  lasted  from  the  late 
eighties   until    1896.     During  this  period   the  general 


3« 


THE  BLECTRIC  JOURNAL 


type  was  established  and  the  early  operating  difficulties  greatly  changed;  electrical   and  magnetic  proportions 

were  overcome.     'i"he  electrical  and  magnetic   design  have  Ix-en  modified  to  take  advantage  of  the  peculiar 

proportions  did  not  depart  greatly  from  those  of  di-  conditions  existing  in  the  armature  of  the  converter; 

rect-current  generators  of  similar  rating.  the  design  of  the  machine  as  a  converter  instead  of  as 

2— This  was  a  period  of  commercial   expansion,  a  generator,  in  fact,  lias  been  carried  to  its  logical  con- 

thc  most  active  part  of  which  occurred  between  the  elusion   and   commutating  poles  have   become   as   de- 


'"•■     -4 —  TlIKtE     500      KW,     Gu     even:,  1500     VOLT     KOTAKV      CU.Wi-.KTKR      al-.TS 

In.stallcd  in  ihc  Spartanburg  Sub-Station  of  tbe  Piedmont  &    Nortbcrn  Line:, 

years   1898  and    1907 — coincident   with   the  eleelritica-  sirahle  and  have  resulted   in  as  much  benefit  as  they 

tion  of  urban  and  interurban  railways  and  the  rapid  had     previously     in     direct-current     generators     and 

growth  of  the  large  urban  lighting  systems.      During  motors.      This    refinement   in   design   affected   twenty- 

Ihis  period  the  jjosition  of  the  twenty-five  cycle  con-  [\\it    cycle    converters    mainly    by    reducing    the    size, 

vertcr  as  the  most  satisfactory  transforming  machine  weight  and  cost  although,  at  the  same  time,  commuta- 

was   firmlv   established :   that  of  the  sixty  cycle  con-  tion    was    imjiroved    and    the    overload    capacity    in 

verter  was  established  on  a  much  less  secure  footing.  creased.    The  same  improvements  in  design  applied  to 

Designs   were   characterized   by   a   certain    ruggcdness  sixty  cycle  converters,  lifted  them  from  a  position  of 


KK;.    2,S — .-no    UW,    25    I  VI  I.K,    I  500    VOI.T    ROT.MfV    roXVKRTKR 

Sbowin.sr  brush   lifting    device   and   fla.<ib   boards. 

(hie  to  low  speeds  and  a  liberal  use  of  material,  but 
the  performance,  while  good,  was  not  commensurate 
with  the  amount  of  material  used. 

3 — 'Hie  latest  period,  beginning  about  i<pQ,  has 
been  one  of  engineering  retinenient.  During  this  period 
the   crude   designs   of   the   previous   period   lia\e  been 


Fl(,.    26  -.\    5(10    KW.   60  CVCLE,    1500   VOLT   R0T.\KV   CONVERTER   SET 

or  Tin-:  s.\me  uesign  as  tiik  units  shown  in  fig.  24 
Consistin.sj  of  two  750  volt  units  mounted  on  one  shaft 
and  connected  in  series. 

toleration,  ( and,  then,  only  when  a  lower  frequency 
was  impossible)  into  the  same  enviable  jjosition  that 
twenty-live  cycle  coinerters  had  long  occujMed.  The 
great  improvement  that  the  converter  lias  undergone 
during  this  latest  period  cannot  help  but  give  it  an  in- 
creasingly important  place  as  the  transforming  link 
par  excellence  between  alternating  and  direct-current 
svstems. 


Some  Practical  Insulation  Problems* 

B.  G.  Lamme, 

Chief  Engineer, 

Westinghouse  Electric  cf  Mfg.  Company 

PRACTICALLY  all  electrical  apparatus  uses  i.i-  traverse,  just  as  in  all  other  bodies.  Therefore,  when 
sulation  in  one  form  or  another.  Such  insula-  a  heat-generating  bod\-  is  covered  with  insulation,  it  is 
tion  in  general  constitutes  the  weakest  part  of  desirable  to  make,  the  insulation  as  thin  and  compact 
the  machine,  buth  mechanically  and  electrically.  Inso-  as  possible,  where  it  is  desirable  to  keep  the  tempera- 
far  as  the  generation  or  utilization  of  energy  is  con-  ture  low.  This  is  an  elementary  fact  which  has  been 
cerned,  its  functions  are  passive,  it  serving  merely  as  very  much  neglected  and  overlooked  in  the  past, 
a  protection-  But  in  another  way,  its  functions  unfor-  In  electrical  apparatus,  it  mav  be  said  that  it  is 
tunately  are  not  ])assive,  namely,  in  its  effect  on  heat  not  the  temperature  in  the  heat-generating  body  itself 
flow  and  dissipation.  In  most  cases,  the  parts  which  which  is  harmful,  but  it  is  the  eft'ects  of  such  temjjera- 
have  to  be  insulated  are  heat-generating.  This  is  es-  ture  upon  the  enclosing  or  contiguous  insulation  which 
pecially  true  of  the  windings  of  electrical  apparatus.  must  be  taken  into  account.  Most  of  the  flexible  in- 
Experience  shows  that  all  electric  insulators  are  heat  sulations  in  every-day  use  do  not  have  high  heat-re- 
insulators  to  a  great  extent,  and  extremely  good  heat  sisting  characteristics.  The  effect  of  the  heat  usually 
insulators  in  the  case  of  the  most  practicable  materials,  is  more  harmful  to  the  mechanical  characteristics  of 
It  is  well  known  that  the  best  way  to  apply  heat  insula-  the  material  than  to  the  electrical  characteristics.  Most 
tions  is  in  the  form  of  superimposed  layers,  and  this  fibrous  insulations,  when  exposed  to  fairly  high  tem- 
happens  to  be  the  most  practicable  way  of  apjjlying  peratures  for  long  periods,  or  exceedingly  high  tem- 
most  electrical  insulations.  It  is  also  well  known  that  peratures  for  much  shorter  periods,  show  a  tendency 
air  pockets  in  heat  insulations  improve  their  heat-in-  to  become  very  brittle,  and,  in  time,  they  may  even 
sulating  qualities.  It  is  partly  on  this  account  that,  in  carbonize  to  a  greater  or  less  extent.  However,  for 
the  application  of  electric  insulations,  air  pockets  are  moderate  voltage  stresses,  even  this  very  dry  or  semi- 
avoided  as  much  as  possible,  and  endeavor  is  made  to  carbonized  condition  of  the  insulation  does  not  ap- 
fiU  such  pockets  with  varnishes  or  impregnating  gums  pear  to  affect  seriously  its  insulating  qualities.  The 
hich  act  as  better  heat  conductors  than  air  or  gases,  real    harm    lies    in    deterioration    or    possible    injury 


w 


In  general,  it  may  be  said  that  heat  is  transmitted  of  its  mechanical  properties — that  is,  it  may  become 
more  eft'ecti\ely  by  conduction  througli  solid  bodies,  so  brittle  that  it  will  not  stand  mechanical  shocks  or 
or  between  solid  bodies  in  contact,  than  by  convection  vibrations,  and  may  crack  or  scale  oft'  so  that  its  in- 
through  gaseous  bodies.  Therefore,  the  more  solid  sulating  qualities  are  inipared  simply  through  mechan- 
or  the  better  filled  is  the  insulation,  the  better  it  will  i^-"al  defects.  Here  is  where  certain  filling  or  impreg- 
conduct  heat  as  a  rule,  and,  in  fact,  there  is  not  such  nating  varnishes  or  gums  are  particularly  useful.  As 
a  great  dift'erence  between  the  heat-conducting  quali-  t'le  fibrous  insulation  tends  to  become  brittle  at  high 
ties  of  any  of  the  \ariDus  commercial  insulations,  on  temperatures,  the  \arnish  or  gum  may  tend  to  soften 
the  basis  of  equal  solidity.  The  principal  differences  are  at  the  same  temperature,  and  thus  counteract,  to  a  cer- 
found  in  the  ways  the  materials  are  applied.  While  some  taiii  extent,  the  brittleness  of  the  fibrous  material  itself, 
materials  may  conduct  heat  two  or  three  times  as  well  -^  second  function  of  such  gums  or  varnishes  is  to  act 
as  others,  yet  this  difference  is  very  small  compared  as  fillers  for  all  spaces  and  interstices,  and  thus  to  as- 
with  the  difference  in  heat-conducting  qualities  be-  sist  in  conduction  of  heat,  but,  still  more,  to  act  as  a 
tween  ordinary  insulations  and  any  of  the  so-called  cushioning  material  to  keep  the  conductors  from  vi- 
electrical  conductors,  such  as  metals.  For  instance,  Ijrating  under  shocks,  etc.  Of  course,  the  impregnat- 
a  difference  in  temperature  of  one  degree  C.  between  '"g  gums  or  varnishes  have  a  certain  value  as  insulat- 
the  opposite  sides  of  an  inch  cube  of  copper  will  allow  i"g  material,  l)Ut  probably  the  above  functions  are  of 
a  heat  flow  2  500  times  as  great  as  with  a  correspond-  far  greater  value.  For  instance,  the  ordinary  cotton 
ing  cube  built  up  of  oil  tape.  And  an  inch  cube  of  covering  on  a  wire  will  stand  far  more  abuse  when 
wrought  iron,  which  is  considered  a  poor  electrical  treated  with  some  kind  of  gum  or  varnish  than  when 
conductor,  will  conduct  about  400  times  as  nnich  heat  used  in  the  drv  condition,  for,  in  the  f(M-mer  case  the 
as  the  block  of  insulation.  Therefore,  when  compared  individual  fibers  of  the  covering  are  actuallv  pasted  in 
with  electrical  conductors,  we  may  say  that  the  heat-  place,  and  are  therefore  much  less  liable  to  be  seijar- 
conducting  qualities  of  the  usual  built-up  insulations  ated  and  thus  allow  metal  parts  to  come  in  contact, 
are  fairly  uniform.  Usually  what  is  required  between  adjacent  conductors 
The  heat-conducting  ability  of  insulation  is  a  in  a  coil  is  a  positive  mechanical  separation  of  a  verv 
function  of  the  thickness  or  distance  the  heat  has  to  limited  amount.    In  many  cases,  if  the  bare  conductors 

~                               ,  ,    f        „       .        .    .         ,   .         „  ''otild  ])<.■  maintained  at  a  distance  apart  corresponding 

♦rrom   a   paper   read   before   tlie   Association   of    Iron   &  ,            .                     .                                                        t              .-. 

Steel  Electrical  Engineers.  Sept.  1014.  to    the    thickness    of    the    usual    cotton    covering,    this 
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would  be  sufficient  for  protection  against  the  voltages 
between  the  wires.  The  layer  of  insulation  on  the 
wires  ithemselves  furnishes  the  simplest  and  easiest 
method  of  obtaining  this  mechanical  separation,  and 
the  varnish  or  gum  treatment  makes  this  separating 
medium  of  more  mechanical  and  durable  construction 
and,  at  the  same  lime,  improves  the  heat-conducting 
qualities. 

There  are  limits  to  the  heat-resisting  equalities  of 
all  practicable  insulations.  Ordinary  fibrous  materials 
of  a  cellulose  nature  or  base,  will  stand  about  95  to 
100  degrees  C.  without  becoming  too  brittle  to  be  dur- 
able. However,  the  same  materials,  when  treated  with 
suitable  varnishes  or  gums,  apparently  stand  tempera- 
tures of  about  105  degrees  C.  without  undue  deterior- 
ation mechanically.  At  this  temperature  the  material 
does  not  appear  to  carbonize,  and  the  varnish  or  gimi 
assists  in  maintaining  mechanical  continuity  of  the 
material.  At  materially  higher  temperatures,  deterior- 
ation gradually  takes  place  at  a  rate  depending  upon 
the  actual  temperature  attained.  Even  at  105  degrees 
C,  treated  fibrous  materials  may  have  a  total  life  of 
several  months  before  the  material  becomes  unsuitcd 
for  its  purpose.  If  such  high  temperature  exists  only 
for  short  periods,  and  during  the  remaining  time  the 
insulation  is  subjected  to  relatively  low  temperatures, 
then  the  life  of  the  apparatus,  measured  in  years,  may 
be  fairly  great.  In  other  words,  high  peak  tempera- 
tures may  not  be  verj'  harmful,  provided  the  sum  total 
of  such  peak  periods  does  not  add  up  to  as  long  a 
period  as  required  to  injure  the  materials  if  main- 
tained at  the  same  peak  temperature  steadily.  How- 
ever, the  life  of  such  insulation  does  not  decrease  in 
direct  proportion  to  the  increase  in  temperature,  but 
at  a  much  faster  rate. 

Other  insulations  in  common  use  are  mica,  as- 
bestos and  certain  varnishes  and  gums.  Pure  mica 
will  stand  enormously  high  temperatures,  such  as  700 
degrees  C.  or  even  higher.  Good  grades  of  asbestos 
stand  at  least  400  degrees  C.  as  shown  by  actual  test, 
and  possibly  very  much  higher.  However,  neither 
mica  nor  asbestos,  in  itself,  is  a  good  material  for  ap- 
plication to  windings,  due  to  mechanical  conditions. 
In  order  to  obtain  flexibility,  mica  must  be  built  in  thin 
sheets  and  then  assembled  in  the  form  of  a  paper  or 
tape.  This  requires  some  continuous  supporting  base, 
usually  a  thin,  tough  paper,  to  which  Ihc  mica  is  at- 
tached by  some  form  of  binding  gum.  The  result 
therefore  consists  of  both  high  and  low  heat-resist- 
ing materials.  If  the  continuity  and  durability  of  the 
resultant  mica  insulation,  after  application  to  a  coil, 
is  dependent  upf)n  the  durability  of  the  binding  and 
supporting  material,  then  such  insulation  is  limited  to 
temperatures  corresponding  to  fibrous  materials.  If, 
however,  the  binding  and  supporting  material  can  de- 
teriorate without  materially  injuring  the  insulation  as 
a  whole,  then  such  composite  insulation  can  stand 
comparatively  high  temperatures.  In  present  practice, 
such  temperatures  are  limited  to  approximately   150 


degrees  C.  for  steady  operation,  not  because  this  is 
an  actual  limit,  but  largely  because  of  lack  of  extended 
experience  at  materially  higher  temperatures.  Appa- 
rently, such  materials,  when  properly  applied,  will 
stand  300  degrees  C.  on  peak  service  about  as  well  as 
the  treated  fibrous  materials  will  stand  150  degrees  C. 
Asbestos,  as  an  insulation,  is  pretty  poor  material, 
but  as  a  mechanical  separator,  where  high  tempera- 
tures are  obtained,  it  may  be  very  effective.  Due  to 
its  open  fibrous  character,  there  is  no  true  over-lapping 
of  insulating  surfaces,  and,  to  make  asbestos  effective 
as  an  insulator,  it  must  be  filled  in  with  some  insulat- 
ing filler  or  gum,  in  which  case,  the  gum  is  the  real 
insulator.  However,  asbestos  may  answer  for  a  very 
good  supporting  material  for  other  insulations,  such 
as  mica,  when  subjected  to  very  high  tcmperalures. 
Also,  asbestos  may  be  a  suitable  insulation  on  con- 
ductors with  very  low  potential  between  them,  as  in 
lield  windings  and  in  armature  windings  with  low  in- 
ternal potentials.  It  should  be  considered  as  essenti- 
ally a  separating  and  supporting  material,  rather  than 
as  an  insulation. 

In  recent  years,  a  number  of  synthetic  resins,  such 
as  "Bakelite,"  have  been  developed,  which  have  a  field 
in  insulation  work.  Such  materials  usually  have  high 
heat-resisting  qualities  but,  in  their  final  condition,  are 
liable  to  be  hard  and  brittle.  Some  of  them  are  used 
extensively  as  impregnating  or  filling  varnishes,  and 
when  so  applied,  are  in  fluid  form,  and  require  further 
baking  to  change  them  to  the  final  form.  Some  very 
extravagant  claims  have  been  made  for  them  by  those 
who  were  not  sufficiently  acquainted  with  the  materials 
and  their  properties.  They  are  very  valuable  in  many 
ways  but,  like  all  other  materials,  they  have  their  limi- 
tations. In  their  application  to  armature  windings,  it 
is  advisable,  in  many  cases,  to  apply  them  to  the  coils 
before  being  given  the  final  baking  on  account  of  the 
greater  flexibility  of  the  unbaked  coils.  But  the  final 
treatment  usually  leaves  the  armature  winding  in  such 
rigid  condition  that,  in  case  of  repairs,  it  may  be  neces- 
sary to  completely  destroy  the  whole  winding.  This 
looks  like  a  bad  feature,  but  to  counter-balance  it,  it 
ma}'  be  said  that,  for  certain  kinds  of  work,  such  pre- 
pared windings  are  less  liable  to  damage,  and  there- 
fore the  necessity  for  repairs  is  much  reduced.  As 
impregnating  compounds,  where  stiff'ness  or  rigidity 
is  advantageous,  such  materials  have  proven  very  satis- 
factorv',  but,  where  considerable  flexibility  is  required, 
compounds  of  this  nature  may  not  prove  so  de- 
sirable. If  the  impregnating  material  is  brittle  and 
is  liable  to  crack,  under  stresses  due  to  change  in  tem- 
perature, or  movement  or  shock,  then  it  loses  a  certain 
part  of  its  value.  Where  flexibility  is  important,  gums 
or  varnishes  which  soften  with  heat  are  desirable. 

In  armature  or  field  windings,  it  is  very  imusual 
to  find  constant  temperatures  throughout  the  whole 
winding,  due  to  the  different  heat-conducting  and  hcat7 
(li>sipating  conditions  in  different  parts.  Therefore, 
the  higher  temperature  points  or  "hot  spots"  must  be 
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considered  in  fixing  the  insulation  temperature  limits. 
It  is  the  highest  temperature  to  which  the  insulation 
is  subjected  that  must  be  considered  in  fixing  the 
limits,  and  only  in  rare  cases  do  the  ordinary  methods 
of  temperature  measurement  indicate  the  highest  tem- 
peratures actually  attained.  Ordinary  thermometer 
measurements  approximate  the  temperature  at  some 
accessible  point,  but  this  may  not  be  or,  likely,  is  not 
the  hottest  part.  A  determination  of  the  temperature 
by  increase  in  resistance  gives  only  an  average  value. 
Therefore,  by  actual  measurement  by  the  usual  meth- 
ods, the  above  mentioned  temperature  limit  of  105  de- 
grees C  for  treated  fibrous  materials  is  not  allowable. 
For  instance,  the  usual  full  load  guarantee  of  40  de- 
grees C.  rise  with  a  cooling  air  temperature  of  40  de- 
grees C.  will  give  80  degrees  C.  as  the  temperature 
measured,  thus  allowing  a  margin  of  25  degrees  C.  for 
for  some  higher  internal  temperature — that  is,  for  the 
hot  spot.  The  usual  overload  guarantee  of  55  degrees 
C.  by  thermometer,  with  air  at  40  degrees  C,  will  give 
95  degrees  measured,  or  a  margin  of  10  degrees  C.  for 
the  hot  spot,  which  apparently  is  hardly  sufficient.  But 
then,  this  55  degrees  C.  guarantee  usually  is  given  only 
for  overloads  or  intermittent  service,  and  it  is  this 
condition  which  allows  the  proper  margin.  If,  how- 
ever, an  accurate  means  should  become  practicable  for 
determining  the  actual  hot  spot  temperatures,  then  it 
would  be  practicable  to  rate  machines  at  the  105  de- 
grees C.  measured  temperature.  As  this  cannot  be 
done  at  present,  we  must  fall  back  on  a  lower  measur- 
able temperature,  and  allow  a  suitable  margin. 

In  certain  classes  of  apparatus  where  the  higher 
temperature  regions  are  pretty  definitely  known,  it  is 
possible  and  practicable  in  many  cases  to  insulate,  in 
the  hotter  regions,  with  materials  which  have  higher 
heat-resisting  characteristics,  as  already  described. 
This  is  the  case  in  many  high  voltage  machines,  and  in 
machines  with  very  wide  armature  cores,  such  as  some 
turbo-generators,  high  speed  large  capacity  alternators, 
etc.  In  such  machines,  the  middle  part  of  the  armature 
core  is  liable  to  be  much  hotter  than  any  other  part. 
Therefore,  it  is  rather  common  practice  in  such  ma- 
chines to  insulate  the  buried  part  of  the  armature  coils 
with  composite  mica  insulation,  which  can  be  easily 
applied  on  the  straight  portions  of  the  coil.  On  the 
curved  end  parts  of  the  coils,  where  taped  insulators 
are  required  on  account  of  the  curvature,  much  lower 
temperatures  are  usually  obtained,  and  thus  fibrous 
tape  insulations  are  amply  safe  for  this  part. 

In  apparatus  subject  to  very  heavy  overloads  for 
relatively  short  periods,  excessively  high  temperatures 
may  be  attained  by  the  copper  inside  the  insulation, 
but  if  followed  by  much  lighter  load,  the  high  temper- 
ature may  drop  so  rapidly  that  no  apparent  damage 
occurs.  Experience  has  shown  that,  not  infrequently, 
local  temperatures  of  200  degrees  C.  to  300  degrees  C. 
are  attained  for  a  very  short  time.  When  such  tem- 
peratures occur  close  to  any  soldered  connections,  there 
is  danger  of  damage  due  to  unsoldering,  for  ordinary 


commercial  solders  will  soften  at  about  170  to  180 
degrees  C,  while  pure  tin  solders  will  soften  at  about 
220  to  230  degrees  C.  Therefore,  temperatures  which, 
due  to  their  short  duration,  apparently  do  not  harm 
the  insulation,  may  actually  unsolder  connections. 

The  above  covers  brielly  the  temperature  part  of 
the  insulation  problem.  But  insulating  materials  also 
serve  another  purpose,  namely,  to  shield  the  conduct- 
ing or  live  parts  of  the  machine  from  other  foreign 
conducting  materials,  such  as  dirt,  grease,  oil,  water, 
etc.  Oils  and  greases  are  usually  considered  as  non- 
conducting, but  when  they  are  liable  to  carry  with  them 
conducting  materials,  such  as  copper  and  carbon  par- 
ticles, they  become  conductors  in  effect.  Also,  ordi- 
nary dust,  or  dirt,  or  deposit  from  the  air,  is  a  rela- 
tively poor  conductor,  btxt  conducts  far  better  than  the 
usual  insulations,  and  is  therefore,  to  a  certain  extent, 
dangerous.  As  a  conductor,  water  is  considered  as 
comparatively  poor,  and  yet  no  one  would  class  it  as  an 
insulator.  Both  water  and  oil  may  be  directly  harmful 
and  may  be  indirectly  injurious  by  their  actions  upon 
the  insulating  materials  themselves.  In  the  case  of 
cloth  tape  insulators,  the  cloth  may  be  considered  as 
simply  forming  a  base  or  reinforcing  structure  for  the 
insulation  proper,  which  is  usually  some  varnish  or  oil 
compound.  The  insulation  value  of  the  material  de- 
pends principally  upon  the  continuity  of  the  layers  of 
varnish  or  oil.  The  cloth  structure  itself  has  no  true 
continuity.  In  applying  such  tapes  or  insulations,  the 
layers  overlap  each  other  in  such  a  way  as  to  give  the 
best  sealed  circuit.  During  the  process  of  taping,  the 
surface  may  be  varnished  repeatedly  to  further  seal 
the  overlapping  joints  and  to  obtain  greater  continuity 
of  the  insulating  film.  Also,  in  the  composite  mica  in- 
sulations, the  mica  laminae  are  very  thin  and  arranged 
in  a  number  of  layers  in  such  a  way  as  to  overlap  as 
completely  as  possible  to  form  insulating  films.  The 
binding  material  between  layers  or  films  is  largely  for 
the  pttrpose  of  sticking  or  binding  the  mica  laminae  to 
each  other.  Therefore,  with  either  type  of  insulation, 
continuity  of  the  insulating  film  is  the  first  requisite, 
and  any  action  or  treatment  wdiich  tends  to  break  the 
films  will  naturally  tend  to  weaken  the  insulation.  In 
high  voltage  armature  coils  in  particular,  it  is  of  ut- 
most importance  that  the  completed  coils  should  not  be 
sprung  or  bent  to  such  an  extent  that  the  insulation 
films  are  liable  to  be  cracked  or  "buckled"  at  any  point, 
for  this  immediately  produces  a  local  weakness.  In  all 
cases,  extreme  care  should  be  taken  in  handling  such 
coils,  especially  in  placing  them  on  the  cores.  More- 
over, in  machines  which  are  liable  to  carry  excessive 
currents,  even  momentarily,  and  which  are  thus  liable 
to  distorting  magnetic  stresses,  the  windings  must  be 
so  braced  that  movements  sufficient  to  crack  or  buckle 
the  insulation  are  not  permitted.  There  is  but  little 
real  flexibility  in  such  insulations  when  built  of  any 
considerable  thickness.  Insulation  on  cables  might  be 
cited  as  an  exception,  but  here  the  insulating  varnishes 
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are  soft  and  possibly  semi-viscous,  so  that  a  certain 
amount  of  Ijcnding  does  not  break  the  iiisuhuing  tihus. 
To  maintain  this  conditiun  of  soft  flexible  insulation, 
cables  are  guaranteed  usually  only  for  very  low  maxi- 
mum tem])eratures,  comjiared  with  the  temperatures 
usually  found  in  electrical  apparatus. 

The  continuity  of  the  insulating  films  may  be  in- 
jured in  other  ways  than  by  bending.  If,  for  instance, 
a  newly  insulated  coil  which  has  been  insuflicieutly 
baked  or  "seasoned,"  is  subjected  to  a  comparatively 
high  temperature  for  even  a  short  time,  certain  vola- 
tile matter  in  the  varnishes  luay  be  given  off  in  the 
form  of  va])or,  and  these  vapors  may  force  or  Ijreak 
their  way  through  the  insulating  films.  The  writer 
has  in  mind  one  case  where  a  tajjcd  insulation  was 
used  on  a  rewinding,  with  the  .shortest  possible  time 
for  the  baking  before  applying  the  coils  to  the  ma- 
chine. The  insultation  tests  were  higli,  but  a  heavy 
load  was  thrown  on  the  machine  at  once  and  carried 
for  several  hours.  At  the  end  of  this  run,  the  insula- 
tion test  showed  that  the  insulating  material  had  de- 
teriorated very  greatly, — so  much  so  that  the  machine 
was  considered  to  be  in  a  dangerous  condition.  Upon 
removing  some  of  the  coils,  an  examination  showed 
what  looked  like  little  volcanoes  all  over  the  surface 
of  the  insulation.  Further  investigation  showed  that 
these  were  real  volcanoes,  for  the  high  internal  tem- 
])erature  had  vaporized  some  of  the  original  solvents 
which  had  not  been  entirely  removed  fr()m  the  \ar- 
nish,  and  such  vapors  had  actually  erupted  through  the 
superimposed  strata  represented  by  the  insulating 
films  or  varnishes.  Therefore,  at  each  one  of  these 
poi!its  of  eruption,  there  was  a  breakdown  of  the  in- 
sulating strength  of  greater  or  less  depth,  de])ending 
up(.)n  where  the  \apor  was  formed.  This  is  cited 
sim])ly  as  a  very  good  illustration  of  what  can  ha])pen 
in  "green"  insulations. 

Another  source  of  difliculty  which  is  not  unusual. 
is  that  due  to  water,  or  oil,  or  other  foreign  materials 
gettingf  into  the  insulation.  Submersion  of  electrical 
apparatus,  due  to  floods,  is  not  uncommon  in  industrial 
plants,  due  to  their  proximity  to  ri\ers,  in  many  cases. 
In  some  cases,  experience  has  shown  that  a  flooded 
machine  can  be  dried  out  witli  apparently  no  hanu- 
ful  after  effects,  while  in  other  cases,  it  has 
been  found  almost  hoi)eless  lo  save  the  apparatus. 
This  de])ends  to  some  extent  ui)on  the  kind  and 
character  of  the  insulation  and  the  means  for  get- 
ting rid  of  the  water  without  injuring  the  insulation 
itself.  If  water  has  percolated  into  the  coil  and  be- 
comes sealed  or  trap])ed  inside,  then  high  internal 
temperatures  obtained  by  any  means  may  simply 
vaporize  the  water  without  getting  rid  of  it.  If  the 
insulation  is  porous,  the  water  may  be  driven  off 
readilv.  If  the  drying  heat  is  applied  from  the  out- 
side, then,  before  the  center  is  heated  sufficiently  to 
vaporize  the  water,  the  outside  insulating  films  may 
seal  together  under  the  higher  outside  temperature,  so 
that  the  internal  vajior  cannot  escape  except  by  dis- 
rupting the  film.     If.  on  tlie  other  hand,  heat  is  apjilied 


from  the  in>ide,  by  means  of  current  for  instance,  and 
the  heating  is  too  rapid,     vapor  luay  be  formed  more 
ra])idly   than   it  can   percolate  through   the   insulation, 
and  it  luay  injure  the  insulation  in  escaping.    Also,  in 
case  of  electrical  heating,  non-uniformity  of  tempera- 
ture must  be  taken   into  account.     For  instance,   the 
armature  winding  of  a  high  voltage  alternator  might 
be  operated  on  a  short-circuit  for  the  purpose  of  dry- 
ing out.     The  drying  out  current  may  be  so  high  that 
the  center  of  the  armature  core  is  considerably  above 
lOO  degrees  C.  or  the  boiling  point  of  water,  while 
the  end   windings   may   be   30   or   40   percent   cooler. 
In  such  case,  the  water  in  the  hot  part  of  the  coils  is 
simply  va|)orized  and  driven  to  the  end  windings  and 
there  condensed.     This  is  not  an  uinisual  condition  in 
dr\ing  out  high  voltage  windings  wdiich  contain  mois- 
ture.    One  instance  may  be  cited,  where,  several  years 
ago  the  power  house  at  the  Westinghouse  Works  was 
flooded  for  a  num])er  of  days,  and  several  large  2200 
volt  turbo-generators  were  partly  submerged.     One  of 
these    machines    was    dried    out    on    short-circuit    for 
about  a  week  at  a  temjjerature  of  possibly  120  degrees 
C.  inside  the  coil.     .\t  the  end  of  this  time,  no  leak 
to  ground  showed  and  the  machine  was  put  in  service. 
A  few  weeks  afterwards,  a  short-circuit  occurred  in- 
side one  of  the  coils,  in  the  end  winding.     When  dis- 
mantled, this  coil  was  found  to  be  sopping  wet  in  the 
end  portion,  although  the  buried  part  of  the  coil  was 
fairly  dry.     The  baking  process  had  simply  distilled 
the  water  from  the  center  to  the  end  parts.     An  ex- 
amination of  others  of  the  submerged  coils,  showed 
the  same  condition.     It  is  possible  that  untaping  the 
enb  winding  sufficiently  to  have  permitted  the  escape 
of  \apor  would  have  allowed  this  machine  to  dry  out 
properly,   hut   ajiparenily   this  would   not  be  the   case 
unless  the  end  windings  in  themselves  could  ha\e  been 
brought  up  to  a  temperature  considerably  above   100 
degrees  C.  anil  this  might  ha\  e  meant  150  degrees  C. 
in  the  buried  portion,  which  would  probably  have  been 
injurious,   except   to   mica   insulations,   which   did   not 
happen  to  be  on  these  machines.    Furthermore,  it  is  not 
always  easy  to  get   rid  of  moisture,  even  at   100  de- 
grees C,  with  fibrous  insulations.     ( )ne  very  efTective 
maimer  of  doing  so  is  h\  means  of  a  \acunm.      I'lx- 
perience  has  shown  that  if  apparatus  to  be  dried  out 
is  heated  to  the  boiling  point,  in  a  vacuum,  the  mois- 
ture usually   is  removed  very  com[)letely.     For  most 
efl'ective  results,  the  water  should  be  vajjorized.   for, 
under  some  conditions,  and  with  some  materials,  the 
force  of  capillarity  may   ap]iroximate    15   lbs.   so  that 
a  good  \acuum  alone  may  not  be  able  to  overcome  the 
capillary  action.     From  the  scientific  standpoint,  the 
use    of    vacuums    in    drying  goes   nuich    further   than 
the  above.     For  example,  the  boiling  point  of  water  is 
very  much   reduced  in  a  vacuum,  so  that  materially 
lower  temperatures  may  be  used  for  removing  water 
than  would  otherwise  be  the  case.     For  rapid  drying 
under  ordinary  air  pressures,   considerably  o\er    100 
degrees  C.  is  needed,  while  in  fairly  good  vacuum,  too 
degrees  C.  or  less,  may  allow  a  very  rai)id  evaporation 
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of  moisture  and  correspondingly  rapid  and  thorough 
drying. 

In  the  same  flood  which  submerged  the  generator 
above  referred  to,  vast  quantities  of  various  types  and 
designs  were  also  flooded,  and,  in  drying  out  this  ap- 
paratus, a  great  deal  of  valuable  experience  and  data 
was  obtained.  A  summation  of  this  and  other  ex- 
perience may  be  of  value  and  interest,  and  is  therefore 
given  below. 

Low  \'oltage  windings,  such  as  induction  motors 
and  alternators  for  600  volts  and  less,  dried  out  very 
readily  by  the  application  of  current  to  the  windings. 

Low  voltage,  direct-current  armature  windings 
were  dried  out  by  the  application  of  current  or  by  bak- 
ing ovens.  However,  there  was  great  difficulty  in  dry- 
ing out  commutators,  and  eventually  the  only  real 
satisfactory  way  proved  to  be  heating  them  in  a 
vacuum.  Therefore,  the  final  drying  out  of  armatures 
was  principally  by  vacuum.  The  complete  drying  out 
of  field  coils  was  very  difticult,  either  bv  current  heat- 
ing or  by  ovens.  However,  the  outside  of  the  coils 
could,  in  many  cases,  be  dried  sufficiently  to  show  prac- 
tically no  ground,  while  the  inside  of  the  coil  was  still 
wet.  In  most  cases,  field  coils  could  be  operated  in 
this  condition  and  could  eventually  dry  themselves  out. 
This  would  probably  be  satisfactory  for  (Irving  out  in- 
dividual machines,  but  was  not  considered  satisfactory 
for  stock  apparatus.  \'acuum  drying  under  high  tem- 
perature proved  most  satisfactory,  and  this  was  adopt- 
ed. High  voltage  windings  for  generators  and  trans- 
formers were  dried  out  in  vacuum,  no  other  method 
proving  entirely  satisfactory,  except  in  individual 
instances. 

It  may  be  borne  in  mind  that  this  was  a  situation 
where  superficial  correction  was  not  permissible.  Dur- 
ing the  various  tests  and  schemes  which  were  carried 
out,  searching  investigations  of  the  results  were  made 
in  order  to  determine  the  sufficiency  of  the  method 
used.  Field  coils  and  armature  coils  were  opened  up 
at  variotis  stages  of  the  process  for  examination.  For 
instance,  one  of  a  lot  of  street  railway  armatures  which 
were  dried  in  an  oven  until  apparently  all  right,  was 
dismantled  for  examination.  The  windings  appeared 
to  be  fairly  well  dried  out,  but  upon  opening  the  com- 
mutator \-ring,  \ery  considerable  moisture  was  found 
under  the  commutator  bars  and  in  the  mica  bushing. 
Apparently,  oven  baking  would  not  remove  this  satis- 
factorily. The  commutator  was  then  sealed  tightly 
and  the  armature  was  then  put  in  a  vacuum  oven  and 
dried  for  a  few  hours.  After  this  all  water  had  disap- 
peared from  the  commutator.  Another  commutator 
was  then  opened  and  purposely  filled  with  water  and 
then  closed  and  sealed  as  tighth'  as  possible  before 
placing  in  the  vacuum  oven.  After  an  over-night's 
treatment,  the  inside  of  the  commutator  was  found 
to  be  entirelv  free  from  moisture.  This  test  illustrated 
the  ability  of  the  vacuum  oven  to  remove  water.  It 
was  then  adcjpted  \  ery  generally  for  drying  out  such 
apparatus  as  was  liable  to  have  water  sealed  or  trapped 


inside  the  insulation.  It  must  be  understood,  however, 
that  certain  kinds  of  apparatus  were  dried  out  just 
about  as  well  using  temperature  alone.  In  these  cases, 
however,  as  intimated  before,  the  \aporized  water 
could  readily  escape  to  the  air. 

There  is  one  condition,  however,  where  even 
\acuum  oven  drying  may  not  produce  the  desired  re- 
sult, for  the  operation  of  drawing  off  the  water  may 
injure  the  insulating  varnish  films.  To  illustrate, 
some  years  ago  one  of  the  large  power  plants  at 
Niagara  Falls  was  flooded  to  a  considerable  depth  by 
an  ice  jam,  which  backed  the  water  up  in  the  power 
house.  The  machines  were  flooded  to  a  depth  of 
twenty  or  thirty  feet  for  a  period  of  several  days,  and 
the  windings  were  pretty  thoroughly  saturated 
throughout  with  water.  Strenuous  attempts  were 
made  to  dry  out  these  windings  by  heating  to  tem- 
peratures of  125  degrees  C.  or  higher.  The  end 
windings  were  untaped  at  points  to  allow  the  mois- 
ture to  escape.  Also,  attempts  were  made  to  create  a 
vacuum  around  the  machines  by  means  of  air-tight 
covers  or  casings  and  vacuum  pumps,  but  this  latter 
was  not  very  satisfactory.  After  a  few  weeks,  appar- 
ently but  little  progress  had  been  made.  A  chemist 
then  advanced  the  suggestion  that,  if  linseed  oil  var- 
nishes had  been  used  in  the  insulation,  then,  under  the 
conditions  of  flooding  which  had  occurred  in  this  plant, 
the  \arnish  itself  would  have  absorbed  water,  and  he 
was  of  the  opinion  that  heating  alone,  unless  carried 
up  to  the  destructive  point,  would  not  dri\e  off  this 
water.  luAestigations  were  then  made  along  this  line, 
and  it  was  actually  found  that  the  varnish  films  were 
thoroughly  filled  with  water,  and  moreover,  this  water 
could  not  be  removed  without  more  of  less  injury  to 
the  film  itself.  For  moderate  or  low  voltage  machines, 
apparently,  the  removal  of  the  water  would  not  injure 
the  insulation  sufficiently  to  prevent  operation,  but  in 
high  voltages,  such  as  6600  volts  or  higher,  the  insula- 
tion would  l)e  left  in  a  relatively  weakened  and  unsafe 
condition.  In  the  machines  in  question,  it  was  found 
advisable  to  remove  the  insulation  entirelv  and  replace 
with  new. 

As  a  rule,  field  coils  can  be  dried  out  in  a  fairly 
satisfactory  manner  h\  heating  with  current  for  a 
sufficiently  long  period.  When  a  field  coil  is  thorough- 
ly wet  inside,  its  resistance  may  fall  considerably,  due 
to  low  resistance  between  turns  and  layers,  but  when 
current  is  applied,  there  is  but  little  danger  of  burn- 
outs, as  the  leakage  of  current  through  the  insulation 
is  distributed  o\er  such  large  surfaces  that  there  is 
no  danger  of  burning  at  any  point,  unless  there  is  some 
defectively  insulated  point  in  the  coil.  Therefore, 
after  the  coil  is  sufficiently  dried  so  that  its  leakage  to 
ground,  or  any  metal  supports,  is  sufficiently  low  to  be 
safe,  then  usually  the  coil  can  be  put  in  operation  and 
allowed  to  dry  out  in  regular  service.  If,  however, 
the  field  coil  rotates  and  is  subject  to  centrifugal  or 
other  forces,  the  wet  condition  of  the  internal  insu- 
lation may  allow  internal  distortions  or  movement 
which  might  cause  partial  short-circuits. 
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I-IE  relation  of  direct-current  trolley  feeder  taps     allow  a  tap  to  be  made  witliin 

:„.,     :„    „f      substatiiins."     "Recently  a  case  of   a   tap   l  ooo   feet   from  a 


000  feet  of  our  stations  or 
,„ ,     ,^    '(      substatiiins."     "Recently  a  case  c 
to  the  source  ot   power,  or  conversion,  is  oi      ^^^^-^^^^  resulted  in  a  lar^e  number  of  flasb-overs  and  mo- 
greater   significance    than    is   generally    recog-      mentary   shut-downs.     This   tap   was  changed   to  2000   feet, 

-     ■       ■   -  •  clnro  which  time  there  has  been  no  trouble  whatsoever." 

Other  specific  cases  are  numerous,  a  few  of  which 
follow : — 


.      ,         Ci-    I     1      ,i„,;,..>,i  t',-^,n  r>lai--      since  which  time  there  has  been  no  trouble  whatsoever.' 
nized.     However,  the  benefits  to  be  derived  11  om  plac- 


ing these  taps  at  reasonable  distances  from  the  appara- 
tus are  readily  appreciated, 
and  the  reasons  both  simple 
and  logical. 

It  is  common  knowledge 
that  a  rotary  converter  or 
direct  -  current  generator 
will  buck  or  flash  over 
if  "dead  short-circuited" 
across  its  positive  and  nega- 
tive terminals.  These  are 
analogous  to  positive  and 
negative  bus-bars.  It  is 
also  known  that  if  a  bar 
is  placed  across  the  positive 
and  negative  bus-bars  on  the  switchboard,  the  con- 
verter or  generator  will  "buck"  or  flash  over  about  as 
quickly  as  when  the  terminals  themselves  are  short- 
circuited.  Now  consider  the  positive  feeders  as  a 
continuation  of  the  positive  bus-bar,  and  the  negative 
return  as  a  continuation  of  the  negative  bus-bar.  It 
is  evident  that  a  short-circuit  near  the  station  on  these 
feeders  (or  extended  busses)  will  also  cause  the  con- 
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In  the  State  of  New  York,  the  several  substations  of  a 
high-class  double-track  system  were  equipped  with  60  cycle 
rotary  converters.  These  machines  were  operated  from  com- 
mon banks  of  transformers,  and  from  common  alternating 
and  direct-current  bus-bars.  Coincident  with  operation,  flash- 
ing over  or  bucking  became  general,  resulting  in  much  lost 
time,  together  with  repeated  damage  to  the  commutators  and 
brushhclders,  brushes  and  shunts.  The  feeder  .system  was 
both  liberal  and  elaborate,  and  the  trolley  wires  sectional  ized. 
Each  of  the  four  divisions  was  independent  of  the  others,  and 
received  power  from  independent  substations.  After  several 
months  of  flashing,  the  taps  to  the  trolley  were  investigated. 
In  each  case  a  tap  was  found  in  front  cf  each  of  the  sub- 
stations. These  were  cut,  the  immediate  result  being  a  no- 
ticeable decrease  in  the  number  of  flash-overs.  Due,  how- 
ever, to  the  liberal  cross-section  of  the  feeder  copper,  addi- 
tional taps  were  removed  until  the  first  taps  were  approxi- 
mately 4  oon  feet  from  the  machines.  This  effectively  over- 
came the  flashing. 

In  New  Jersey,  one  of  the  large  railway  systems  has  a 
ruling  that  no  tap  shall  be  within  2000  feet  of  the  nearest 
substation,  this  distance  being  increased  when  necessary. 

In  Pennsylvania,  an  extensive  system  equipped  with  60 
cycle  converters  had  frequent  trouble  from  flash-overs  or 
bucking,  resulting  in  repeated  damage  to  the  converters,  and 
entailing  expensive  repairs.  An  exhaustive  investigation  of 
the  equipment  and  of  the  feeder  system  showed  the  primary 
cause  of  the  flash-overs  to  be  due  to  "close  in"  taps.  The 
station  in  which  the  flashing  was  most  frequent  adjoined 
one  of  the  car  barns,  the  taps  being  practically  in  front  of  the 
door.  Cutting  all  "close  in"  taps  was  recommended  and,  in 
every  instance  wliere  the  recommendation  was  adopted,  there 
was  an  immediate  reduction  in  the  number  of  flash-overs  in 


verters  or  generators  to  flash  over.     Now  follow  the 

feeders  (or  extended  busses)  a  mile  and  short-circuit     the  stations  thus  protected.  .,      -      , 

,  1  t       f      I  1  -'"  Indiana,  a  25  cycle  system  experienced  an  epidemic  of 


them.     The  chances  are,  unless  the  feeders  are  large 
that  the  machines  will  not  buck. 

In  each  case,  the  bus-bars  have  been  short-circuited 
in  the  same  way,  but  the  results  have  not  been  consist- 
ent.    No  change  has  been  made  in  the  converter  or 


flash-overs.  The  taps  which  were  originallv  i  ooo  feet  from 
the  machines  were  increased  to  5000  feet,  witli  very  bene- 
ficial results. 

In  Massachusetts,  two  intcrpole  60  cycle  rotary  convert- 
ers flashed  over  for  months.  Repeated  investigations  proved 
the  machines  to  be  of  correct  design  and  rating.  The  feeder 
system,    however,    contained    tliree    taps    in    three    directions 


e^nerator  or  switching  devices.  However,  in  the  last  within  700  feet  of  the  machines.  These  were  cut  together 
•-ase  there  was  no  flash-over,  the  feeders  (or  extended 
busses)  having  supplied  enough  reactance  and  resist- 
ance to  limit  the  output  of  the  machines  and  thereby 
automatically  cushion  and  protect  them.  It  is  this 
principle  which  is  put  into  play  when  the  feeder  taps 
to  the  trolley  wires  are  connected  at  reasonable  dis- 
tances from  the  points  of  generation  or  conversion, 
;ind  it  is  tlie  application  of  this  principle  to  every-day 
practical  use  which  has  promi)ted  this  article. 

Certainly  producers  of  electric  railway  power 
owe  it  to  themselves,  as  well  as  to  the  manufacturers 
of  their  apparatus,  to  protect  their  machines  in  this 

simple    inexpensive  and  fundamental  wav.     The  fol-      the   powerhouse  be   removed   was   not  accepted   with   great 
.     '  .        e  ,  ^^  -.^        I  '  „f  ♦!,„      credulity,  but  nevertheless  acted  upon.     The   flashing  imme- 

lowing  quotation  from  a  letter  written  by  one  ot  the      jjj^j^,^  "ceased. 


with  otliers.  until  the  nearest  were  approximately  1800  feet 
from  the  machines.  No  further  trouble  has  been  experi- 
enced. 

In  an  Eastern  Pennsylvania  system,  60  cycle  interpole 
rotary  converters  flashed  until  one  destroyed  itself.  The 
machines  were  overhauled  and  all  taps  within  2  000  feet  of  the 
substation  removed.  Flash-overs  have  since  been  great 
rarities. 

In  Michigan,  certain  direct-current  generators  driven  by 
high-speed  engines  furnished  power  for  an  important  in- 
trastate system.  These  generators  contracted  tbe  flashing 
habit,  with  somewhat  suicidal  results.  Near  the  powerhouse 
was  the  car  barn,  taps  to  the  trolley  wires  in  the  barn  and 
outside  being  numerous.  It  is  generally  conceded  that  car 
barn  switcliing  on  the  average  system  is  about  as  prolific  of 
station  trouble  as  all  other  sources  combined.  This  barn 
was  no  exception,  being  responsible  for  numerous  and  de- 
structive buck-overs.    A  suggestion  that  all  taps  adjacent  to 


officials  of  an  extensive  public  service  corporation  is 
both  interesting  and  convincing: — 

"Relative  to  the  distance  that  taps  are  made   from  our 
railwav  feeders  to  our  «iib^tnti,.ns.  it  is  our  practice  not  to 


From  the  above,  it  will  be  noted  that  specific 
rases,  including  60  cycle  plain  and  interpole  convert- 
ers, 25  cycle  converters,  and  direct-current  generators. 
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have  been  given.  In  other  words,  no  type  of  direct- 
current  railway  apparatus  is  free  from  flash-overs, 
provided  the  provocation  is  sutiiciently  great.  There 
are,  of  course,  other  reasons  for  flash-overs  besides 
"close  in"  taps,  but  at  least  75  percent,  and  perhaps 
90  percent,  of  the  flashing  nuisance  is  traceable  to  this 
cause. 

The  question  which  naturally  suggests  itself  is, — 
A\  hat  rule  should  be  followed  in  fixing  the  tap  dis- 
tances from  the  machines?  The  answer  is, — No  gen- 
eral or  universal  rule  or  formula  has  been  advanced. 
So  many  variables  enter  into  the  solution  of  the  prob- 
lem that  it  will  prove  quicker  and  more  definite  to  solve 
each  case  by  removing  the  "close  in"  taps  until  the 
resistance  of  the  circuit  becomes  great  enough  to 
cushion  and  protect  the  machines.  The  principal  vari- 
ables which  enter  into  the  solution  of  tap  distances  are 
as  follows : — 

I — Capacity,  or  energy,  hack  of  the  rotary  converter,  motor- 
generator  set,  or  cngme-driven  machine — It  is  obvious  that 
for  a  given  size  of  rotary  converter,  the  greater  the  capacity 
at  the  source  of  generation,  the  greater  will  be  the  damage 
resulting  to  the  converter  in  case  of  trouble,  and  the  nearer 
the  converter  and  alternating-current  generator  capacities 
agree,  the  less  serious  will  l)e  the  damage  resulting  from 
trouble. 

In  the  case  of  motor-generator  sets  (the  same  relative 
capacities  governing  as  with  the  rotary  converter)  the  re- 
sults of  flash-overs  are  not  necessarily  so  destructive  tc  the 
direct-current  generator.  This  is  due  to  the  greater  inherent 
resistance  and  limitations  of  the  generator  windings,  cush- 
ioned by  the  motor  windings,  plus  (generally)  the  trans- 
former windings.  When  the  direct-current  generator  circuit 
breaker  opens,  the  generator  has  only  to  suppress,  in  case  of 
a  flash-over,  what  it  generates  within  itself,  but  when  a  con- 
verter circuit  breaker  opens,  the  energj-  of  its  supply  cir- 
cuit, which  may  be  many  times  its  own  capacity,  must_  be 
taken  into  account.  Engine-driven  direct-current  machines 
are  subject  to  much  the  same  damage  as  motor-driven  ma- 
chines. This  comparison  must  not  be  interpretated  as  favor- 
ing either  type  of  units.  On  the  contrary,  a  careful  analy- 
sis of  the  conditions  will  show  that  if  the  rotary  converter 
has  no  energy  greater  than  its  ma-ximum  individual  rating  to 
contend  with,  it  would  be,  perhaps,  as  stable  as  other  types 
of  machines,  A  converter,  however,  must  contend  to  a 
greater  or  less  degree  with  the  energy  back  of  the  supply 
circuit,  and  this  energj-,  being  usually  many  times  the  con- 
verter rating,  increases  the  sensitiveness  of  the  converter, 
and  the  destructive  effects  of  flash-overs,  Direct-currenc 
generators  would  suffer  to  a  like  degree  under  the  same 
conditions. 

2 — Capacity  of  rotary  converters  or  generators — Gener- 
ally speaking,  the  larger  the  converter  or  generator,  the  less 
sensitive  it  is  to  line  troubles,  and  therefore,  the  less  subject 
to  flash-overs. 

3 — Voltage  of  system — The  lower  the  voltage  of  a  given 
system,  the  nearer  the  taps  may  be  placed  to  the  machines. 
In  general,  on  a  given  system,  tap  distances  for  I  200-volt 
service  should  be  at  least  twice  those  for  600-volt  service. 

4 — Sice  of  feeders — The  larger  the  feeders,  the  greater 
the  tap  distances  should  be  from  the  machines. 

5 — Disposition  of  feeders — When  possible,  the  distribu- 
tion of  feeders  should  be  such  that  each  will  carry  a  reason- 
able proportion  of  the  station  output :  that  is,  where  several 
feeders  originate  in  one  station,  no  excessive  proportion  cf 
the  station  output  should  be  handled  over  any  single  feeder. 
Any  trouble  on  such  a  feeder  reacts  on  the  entire  station,  and 
is  frequently  responsible  for  flash-overs. 

6— Size  of  rails — The  heavier  the  rails,  the  greater  should 
be  the  tap  distances. 

7 — Bonding — Broken  bonds  and  poor  ground  connections 
have  been  known  to  result  in  flash-overs.  Such  cases,  how- 
ever, are  not  frequent.  The  bonding  has  a  direct  bearing  on 
proper  tap  distances. 

8 — .S'l'^cf  of  cars — It  is  evident  that,  with  a  given  siz^ 
substation  unit,  the  heavier  the  car  equipment  and  the  larger 
the  motor  rating,  the  greater  will  be  the  "drag"  on  the  sub- 
station equipment,  and  the  more  destructive  the  effects  on 
the  converters  or  generators  in  case  of  motor  troubles.  The 
rating  of  the  car  equipment  has,  therefore,  a  hearing  on  the 


proper  tap  distances,  especially  when  the  substation  units  are 
relatively  small  as  compared  to  the  motor  ratings. 

From  the  foregoing,  it  will  be  seen  that  to  evolve 

a  formula  to  cover  such  a  diversity  of  conditions  would 
prove  itself  a  problem,  and  the  results,  until  proven, 
could  not  be  accepted  as  much  more  reliable  than  a 
guess.  In  general,  experience  has  shown  that  on  600 
volt  systems,  the  first  tap  should  not  be  nearer  the  ma- 
chine than  2  500  feet,  and  on  i  200-volt  systems,  5  000 
feet.  Should  flashing  persist,  these  distances  snould 
be  increased  until  the  flashing  stops.  The  line  losses 
due  to  these  tap  distances  are  of  little  consequence 
when  compared  to  the  loss  on  account  of  flash-overs, 
including  the  time  and  expense  involved  in  cleaning  up 
the  damaged  apparatus.  Furthermore,  the  car  equip- 
ment is  benefited  by  being  worked  at  a  more  uniform 
voltage, 

KINDS  OF  FLASHING 

It  may  be  worth  while  to  comment  on  the  differ- 
ent inds  of  flashing,  as  not  all  station  me:i  differentiate 
in  this  regard. 

I — The  quick  "squealing"  or  "kicking"  Hash  which  shoots 
from  under  the  brushes  but  does  not  carry  across,  is 
over  almost  before  it  happens,  and  rarely  results  in  more 
damage  than  the  occasional  spotting  of  a  commutator.  These 
are  not  buck-overs  or  flash-overs  and  should  not  be  reported 
as  such.  To  refer  tc  them  as  a  "squeal"  or  a  "kick"  would 
be  a  better  designation. 

2 — The  "ftash-ovcr"  or  "buck-over" — These  terms  cover 
flashes  which  may  or  may  not  prove  destructive,  but  which 
flash  from  positive  to  negative  brushholders.  It  is  generally 
wise  to  shut  down  a  machine  and  clean  up  the  commutator 
and  brush  rigging  after  a  "flash-over"  has  occurred.  This  is 
particularly  true  if  the  arc  hangs.  Frequently,  the  machines 
clear  themselves  instantly  and  no  damage  results. 

3 — The  "pedestal  flash" — In  order  to  distinguish  a  "flash- 
over"  from  positive  to  negative,  from  a  flash  from  positive 
to  the  bearing  pedestal,  the  name  "pedestal  flash"  is  perhaps 
as  applicable  as  any.  These  flashes  are  invariably  destructive 
and,  in  addition  to  blistering'  the  commutator  and  brush  rig- 
ging, burn  the  pedestals.  Following  "pedestal  flashes"  the 
machines  should  always  be  cleaned  up.  "Pedesjal  flashes" 
may  be  coincident  with  "flash-overs,"  or  may  be  independent 
of  them. 

4 — There  are  also  flashes  to  the  "V"  rings,  but  these  arc 
not  so  common  as  formerly,  due  to  the  practice  of  insulating 
the  rings. 

\\'ith  rare  exceptions,  all  of  the  above  flashing  is 
the  result  of  troubles  originating  outside  of  the  power 
station  or  substations,  and  is  traceable  to  line  or  car 
troubles  in  combination  with  "close  in"  taps.  The  first 
corrective  measure  should  be,  therefore,  to  increase 
the  tap  distance  from  the  stations  or  substations.  If 
machines  have  been  in  service  for  a  reasonable  length 
of  time,  and  flashing  suddenly  develops,  the  cause  will 
perhaps  be  found  in  the  machine  itself.  Removing 
taps  will  not  overcome  such  flashing. 

The  general  impression  that  motor-driven  genera- 
tors, engine-driven  generators,  25  cycle  and  60  cycle 
rotary  converters  are  equally  suitable  for  all  direct- 
current  ser\-ice,  regardless  of  conditions,  is  not  cor- 
rect. These  machines  are  temperamentally  and  char- 
acteristically different.  Each  has  its  own  peculiarities 
and  its  own  degree  of  sensitiveness,  and  its  degree  of 
success  depends  upon  its  intelligent  application  and 
])rotection.  However,  there  is  no  direct-current 
service  where  these  machines  are  not  equally  applic- 
able, when  properly  installed  and  protected. 


Elementary  Principles 

There  arc  a  few  elementary  principles  of  electrical  sci- 
ence which,  if  thoroughly  understood,  will  serve  to  explain 
many  points  which  conic  up.  The  first  of  these  is  the  notion 
of  electromotive  force  generated  by  a  flux.  The  value  of  the 
voltage  induced  hy  a  flu.x  in  a  coil  is  proportional  to  the  rate 
of  change  of  the  flux  linking  with  the  coil.  Tn  direct-cur- 
rent machines  this  reduces  to  the  product  of  the  flux,  the 
speed  at  which  it  is  cut  and  the  number  of  conductors  in 
series,  or  £  a  N  0n. 

Where  E  =  generated  e.ni.f. 
CP  =flux. 

n  =:  number  of  coductors  in  series. 
A''  =  r.p.m.  or  other  measure  of  speed. 
In  alternating-current  machinery  the  speed  of  cutting  is 
proportional  to  the  frequency  so  that  the  voltage  depends  on 
the  frequency,  flux  and  number  of  conductors. 
E  (x.f  q>  )i. 
Where  £  =  generated  e.m.f. 
/  ^  frequency. 
0  —  flux. 

II  =  number  of  conduct(;rs. 
The  above  relation  holds  for  revolving  machinery  and 
stationary  induction  apparatus ;  in  the  former  tlie  conductor.^ 
move  relative  to  the  field,  in  the  latter  the  value  of  flux 
changes  without  actual  rel.uivc  motion  of  parts  of  the  ap- 
paratus. 

The  second  important  idea  is  the  notion  of  counter  e.m.f. 
The  line  voltage  is  balanced  l)y  two  factors,  the  counter  e.m.f 
and  tlie  impedance  drop.  In  direct-current  motors  the  im- 
pedance drop  is  caused  only  by  resistance  and  is  added  di- 
rectly to  the  counter  e.m.f.  At  all  times  the  sum  of  tlie 
counter  e.m.f.  and  the  impedance  drop  is  equal  and  opposite 
to  the  line  voltage.  In  alternating-current  apparatus  the  im- 
pedance drop  consists  of  a  resistance  drop  in  phase  with  tlv 
current  and  a  reactance  drop  at  right  angles.  Thus  the 
vector  sum  of  the  couiuer  e.m.f.,  resistance  drop  and  react- 
ance drop  must  be  equal  and  opposite  to  the  line  voltage.  If 
the  counter  e.m.f.  is  reduced  or  its  phase  relation  changed, 
additional  current  of  the  proper  phase  relation  will  flow  till 
the  impedance  drop  makes  up  the  difference.  In  other  words, 
on  both  direct  and  alternating-current  circuits,  the  difference 
between  the  line  voltage  and  the  counter  e.m.f.  is  the  active 
voltage  that  forces  current  through  the  windings  and  Ohm's 
law  holds  if  we  use  this  "active  voltage." 

The   third    fundamental    relation    is    the   torque    relation. 
The  original  electro-magnetic  experiment  showed  that  a  wire 
carrying  current  in  a  field  is  acted  on  by  a  force  which  is 
proportional  to  the  strength  of  tlie  iicld   and   to  the  currcii: 
flowing  in  the  conductor. 
Tai1>  I. 
Where   T  =  torque  or   force. 
*  —  flux. 
/  =  current. 
For  alternating-current  apparatus  this  definition  must  be 
modified.     If  flu.x  and  current  are  not  in  time  phase.  I'.i'.,  do 
not  reach  maximum  value  at  the  same  instant,  the  torque  is 
the  product  of  the  current  by  the  component  of  flux  in  phase 
with  it.     T  tx.  <I>  I  cos  0. where  6  is  the  [ihase  aiiyle  between 
current  and  flux. 


Vacuum  Impregnating 

Many  pieces  of  electrical  apparatus  are  insulated  with 
plain  cloth  or  paper  and  treated  with  insulating  compounds 
after  completion.  One  of  the  most  satisfactory  treatments 
is  vacuum  impregnation.  In  this  process  the  articles  arc 
placed  in  a  large  air  tight  tank  and  the  air  exhausted.  The 
tank  is  then  heated  by  steam  coils.  At  the  low  pressure  in 
the  tank  the  moisture  in  the  fibrous  insulation  evaporates  and 
dries  out  rapidly  and  very  thoroughly.  When  drying  is  com- 
plete a  melted  insulating  gum  is  admitted  to  the  tank  and 
air  pressure  applied  to  force  the  compound  into  all  the  crev- 
ices of  the  ai  tides  to  be  treated.  These  gums  harden  when 
cold  and  give  a  homogeneous  waterproof  insulation  of  high- 
est quality.  See  "Impregnation  of  Coils  with  Solid  Com- 
pounds," by  Mr.  J.  R.  Sanborn,  in  the  Journal  for  March, 
iijTo,  p.  195. 


Motor  Field  Rheostats, 

Field  rheostats  arc  frequently  connected  as  in  Fig.  i.  With 
tliis  connection,  if  there  is  a  poor  contact  between  the  arm 
and  the  contact  studs,  the  motor  will  be  liable  to  race,  due 
to   decreased   field   strength.     To   obviate   this   trouble   motor 


field  rheostats  are  often  connected  as  in  Fig.  2.  In  this  case 
the  ma.ximum  resistance,  even  if  the  arm  circuit  is  opened 
at  the   studs,   is  the   total   rcsistai.ce   of   the   box. 


Voltage  Gradient 

Voltage   gradient    is   a   term   often   used    in   high   voitage 

work     applying     particularly     to     insulating     nia- 

"T  terials.     Thus   when   a   conductor   A   is   separated 

•i ^     from     ground     by     a     dielectric     the     potential 


of  A  above  G  is  E.  The  voltage  gradients  is  the 
volts  drop  per  unit  length  in  the  dielectric.  If  this  is  uni- 
form J'n  —  E  -i-  I.    If  the  drop  per  unit  length  is  not  uniform 

Fg=-.  ■—.  Since  the  dielectric  strength  of  a  material  is 
measured  in  volts  per  unit  length,  the  voltage  gradient  at  any 
point  in  a  dielectric  must  not  exceed  the  dielectric  strength 
or  the  insulator  will  break  down. 


Use  of  Gauze  Tape 

Gauze  tape  is  used  in  insulatiivn  of  coils  which  are  im- 
pregnated in  insulating  gums.  Before  the  coil  is  dipped  it  is 
covered  with  tape  much  like  surgical  gauze.  Being  very 
porous,  this  tape  does  not  hinder  the  gum  from  flowing 
freely  into  the  coil.  When  the  coil  is  dried  the  gum  runs 
down  and  leaves  a  rough  and  uneven  surface.  The  gauze 
tape  is  then  stripped  oflF,  taking  with  it  all  the  excess  gum 
and  leaving  a  smooth  surface  on  the  coil. 


Our  subscnbere  are  invited  to  use  this  department  as  a  means  of  securing  authentic  information  on  electrical  and  mechanical  subjects. 
Questions  concerning  general  engineering  theory  or  practice  and  questions  regarding  apparatus  or  materials  desired  for  particular  needs  will  be 
answered.     Specific  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  cannot  be  supplied  through  ttus  department 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  personal  reply  is  mailed  to  each  questioner 
as  soon  as  the  necessary  information  is  available;  however,  as  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reason- 
able length  of  time  should  be  allowed  before  expecting  a  reply.     Care  should  be  used  to  furnish  ail  data  needed  for  an  intelligent  answer. 


1 140 — Auto  Transformer  on  Two- 
Phase,  Three- Wire  System  —  We 
have  a  two-phase,  220  volt,  three- 
wire  power  line,  one  wire  being 
common  between  _  the  two  phases. 
This  gives  us  V2X220:=3ii  volts 
across  the  two  outside  wires.  We 
wish  to  get  250  volts  for  use  on  a 
single-phase  motor,  and  in  order  to 
get  this  voltage  we  have  put  an  auto- 
transformer  with  numerous  taps 
across  the  outside  lines  and  by  tak- 
ing off  the  proper  tap  on  the  auto- 
transformer  we  secure  the  2.S0  volts. 
Is  there  anything  about  this  arrange- 
ment which  is  detrimental  to  the 
motor  or  to  the  rest  of  our  power 
lines?  0.  vi^.  M.  (vk'is.) 

This    is    a    standard    connection    and 
there   will  be   no  objection   to  taking  a 
load    from   the   outside   lines.      It   must 
be  understood  as  explained  in  No.   958 
that  such  a  load  ijroduces  a  low  power- 
factor  in  each  of  the  phases  of  the  two- 
phase    system,    and   hence    such    a   con- 
nection is  not  advisaljle  if  the  250  volt 
motor  forms  a  large  percentage  of  the 
total   amount   of   power   on   the  system. 
The     out-of-phase     component     can     be 
avoided  by  using   the   auto-transformer 
as  a  step-up  rather  than  as  a  step-down 
transformer     and     connecting     suitable 
taps   directly  across  one  of   the  phases. 
This     will     form     an     ordinary     single- 
phase  load,  and  while  it  will  unbalance 
the   distribution   of   current   in   the  two 
phases,   the   total    heating   effect    in   the 
generator    will    be    less    than    with    the 
scheme  outlined   in   the  question,   c.  R.  R. 
1 141 — Elimination  of  Noise  in  Water- 
Wheel   Generators — .\   water  iiiwer 
plant  has  an  ultimate  capacity  of  three 
units  of  9000  kw  each.    The' machines 
have  36  poles  and   run  at  200   r.p.m., 
the  peripheral   speed  of  the  pole  tips 
being  approximately  147  feet  per  sec- 
ond.   The  generator  is  not  enclosed  in 
any  way  and  there  is  no  forced  venti- 
lation.     The    stator   is   built   up    with 
the   usual   air   ducts   between    sections 
of    laminations    and    there    are    cored 
holes  in  the  periphery  as  well  as  the 
ends  of  the  stator  frame.     At  present 
only  one  unit  is  running  and  there  is 
considerable    noise   and   air   vibration, 
apparently    due    to    the    rush    of    air 
through   the    ducts    and    holes    in    the 
stator.     It  is   supposed  that  both   the 
noise    and    the    air    vibration    will    be 
considerably   increased   when  the   two 
remaining    units    are    started    up.      If 
corresponding  terminals  of  the  gener- 
ators are  connected  to  the  same  busses, 
the  positions  of  the  field  poles  of  the 
machines  when  in  synchronism  should 
be  identical,  but  if  the  corresponding 
terminals    of    two    machines    are    not 
connected  to  the  same  bus.  the  poles 
of   one   machine    should   at   synchron- 
ism be  120  electrical  degrees  ahead  of 
the  other,  care  being  taken,  of  course, 
to   preserve   correct    rotation.     If   the 
spacing  out  of  poles  of  the  three  ma- 


chines were  done  in  this  manner,  the 
poles  of  one  machine  being  two-thirds 
of  the  pole  pitch  ahead  of  the  poles 
of  another  machine  and  the  same 
amount  behind  those  of  the  third  ma- 
chine, when  running  in  synchronism, 
do  you  think  the  noise  and  air  vibra- 
tion would  be  appreciably  reduced? 

A.   V.    (bRITI.SH    COLUMBIA.) 

If  the  three  machines  were  located 
exactly  at  equal  distances  from  the  ob- 
server, it  is  possible  that  such  an  ar- 
rangement might  reduce  the  noise 
through  wave  interference.  It  is.  how- 
ever, almost  impossible  that  conditions 
could  occur  in  practice  such  that  the 
sound  waves  produced  by  these  alterna- 
tors would  neutralize  one  another.  We 
do  not  know  of  any  case  in  which  such 
an  experiment  has  been  tried,  and  it  is. 
therefore,  impossible  to  make  an  exact 
statement,  but  it  does  not  seem  possi- 
ble that  such  a  neutralization  could  take 
place  because  of  the  fact  that  the  sound 
waves  would  not  only  have  to  be  crea- 
ted in  such  a  relation  as  to  neutralize 
one  another  but  also  would  have  to 
travel  equal  distances  to  the  observer 
in  order  to  maintain  this  relation,  a 
condition  which  would  seem  impossible 
of   attainment   in   practice.  c.  R.R. 

1142 — Wiring  Diagram  —  Will  you 
please  give  nie  a  wiring  diagram  for 
a  two-speed,  three-phase,  60  cycle  in- 
duction motor  stator?  Speeds  are 
I  800  and  900  r.p.m.  It  has  six  leads, 
three  for  i  800  and  the  other  three 
for  900  and  appears  to  be  a  delta  con- 
nection, as  each  lead  has  but  two  taps 
taken  off  and  no  star  is  visible. 

A.  R.  (kans.) 
.\  schematic  diagram  for  the  connec- 
tion of  the  groups  of  coils  is  shown  in 


FIG.  1142  (a) 

Fig.  1 142  (a).  For  4  poles  connect  A. 
B  and  C  ami  use  A',  B'  and  C  for  leads. 
For  8  poles  use  A.  B  and  C  for  leads 
and  leave  A'.  B'  and  C  open.  In  con- 
nection with  articles  by  Messrs.  M.  W. 
Bartmcss  and  H.  C.  Specht  in  the  Jour- 
nal for  May  and  June.  191 1.  this  dia- 
gram should  supply  the  desired  informa- 
;i""-  A.  M.  D. 


1 143 — Changing    220    Volt    Motor    to 
no   Volt    Generator — 1    have    a    220 
volt.     16    horse-power     series     motor, 
which  I  wish  to  change  to  a  no  volt 
shunt  generator,  to  deliver  about   150 
amperes.     The   series   coils    have    135 
turns.     The  armature  is  wave  wound 
with    III    commutator    bars,    37    slots, 
coil    span    1-9,    commutator    pitch    55. 
The   III   armature  coils  are  made  up 
into  37  sets  of  three  coils  each.     Two 
of   the   three   coils   loop   as   shown   in 
the  diagram  with  two  turns  per  coil. 
Can  you  explain  the  changes  necessary 
in  the  armature  and  field  coils  to  give 
the  desired  current?      w.  H.  M.  (ohio.) 
In     general,     the     armature     can     be 
changed    to    operate    at    appro.ximately 
half    its    original    voltage    by    cban.ging 
the  number  of  turns  per  coil  from  one  to 
two.     This  cue  turn  coil  could  be  made 
up   either   of    wire   or   strap    of    double 
the  section  of  the  original  wire  or  rib- 
bon, or  parallels  of  the  same  size  wire 
or  ribbon  connected  into  one  turn,  choice 
dependent  upon  size  of  slot  and  of  wire 
or  strap  available.     Provided  commuta- 
tor  and   brush   capacity   are   ample,    the 
one   turn    armature    should   carry   twice 
the    current    of    the    original    two-turn 
armature    with    same    temperature    rise. 
The  field  ceils  should  be  wound  so  tb.it 
with    approximately    80    to    85    percent 
terminal   volts   impressed   on   the   grou,! 
of    coils    connected    in    series,    the    i"r 
losses  should  be  approximately  the  same 
per  square  inch  external  surface  of  coil 
as  in  the  original  series  coil.     The  mag- 
netomotive-force   cf    the    coils    with    a 
rheostat  cutting  down  the  voltage  across 
the  terminals  as  above,  would  probably 
be  somewhat  less  than  the   series  coils. 
The  speed  at  which  the  armature  would 
have    to  be   driven   to   deliver    full-load 
current   (twice  rated  load  at  220  volts) 
at    no    vclts    would    be    approximately 
twice  the  ratio  of  the  induced  volts  of 
the  no  volt  generator  over  the  induced 
volts   of   the   220  volt   motor   times   the" 
ratio  of  the  motor  flux  over  the  genera- 
tor flu.x.      This  speed  increase  would,  in  a 
usual  case,  amount  to  approximately  25 
to    30    percent    above    full-load    motor 
speed.     To  obtain  more  detailed   infor- 
mation    than     the     above,     application 
should  be  made  directly  to  the  manufac- 
turer of  the  machine,  giving  the  serial 
and  style  number  of  the  motor.     If  the 
name  plate  is  missing  so  that  this  infor- 
mation cannot  be  obtained  the  following 
information   should   be   supplied    to    the 
manufacturer : 

t — Dianieter  and  lengtli  of  armature  core, 
incltldinfir    number    ami    widtli    of    ducts. 

'2 — Size  ami  shape  of  slot-s  as  well  as  their 
niinilier, 

^ — TJeptli   of  iron   below   t!ie    slots. 
4 — Diameter   and    length   of   face   of   comnm- 
tatoi-.    also    number   of  bars. 

') — Xuniber  of  bnish  studs,  brushes  per  stud 
and   size    of   carbons. 

(5 — Xiiniher  of  main  poles,  length  of  pole 
arc  aj.d  axial  lenfftli  of  the  pole,  radial  IciMftth 
of  tlio  iiole  punching  and  field  coil  space  avail- 
able. 

7 — Inside  rliametor  of  frame  bore,  and  cross 
section. 

s — Air  (rap  of  macliine  and  range  of  adjust- 
ment   Iiy     liners.  \    c.  L. 
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1144 — Pole  Pumps — In  the  July  issue, 
p.  3Si,  is  a  reference  to  mine  drain- 
age by  "duplex  double-acting  pole 
pumps"  accompanied  by  data  showing 
very  high  overall  efficiency  t\>r  these 
pumps.  What  arc  "pole  pumps,"  and 
where  can  I  get  some  information 
about  them?  F.  a.  d.  (cal.) 

The    "pole    pumps"    referred    to    are 
plunger  pumps,  known  around  mines  as 
"pole  pumps."  The  high  efficiency  .shown 
of  slightly  under  90  percent  is  not  cor- 
rect in  one  instance.    This  is  on  account 
of  a  transposition  of  figures.     It  should 
read  81.9  percent.     Plunger  pumps  usu- 
ally give  an  nver-all  efficiency,  from  line 
to  discharge,  of  80  to  82  percent.    F.  c.  S. 
1145 — Insulator   Cement — Having    oc- 
casion   to    replace    several    units    of 
some  1 10  000  volt  post  type  insulators 
used  for  supporting  the  horn  gaps  of 
an    electrolytic    arrester,    1    found     a 
cement   used    for   cementing   the   caps 
and  bases  into  the  porcelain  insulators 
that  I  am  not  familiar  with,  and  will 
thank  you   to   inform   me    what   it   is 
composed  of,  and  the  proportions  of 
the  mixture.     I    have    used   Portland 
cement,   and  litharge  and  glycerine   :i 
good  many  times,  but  this  seems  to  be 
composed  of  silica  or  at  least  has  that 
appearance.    This  cement  is  also  used 
on  the  insulator  supports  for  the  tray 
structures.      Kindly   inform   me   what 
advantages   it   has   over    Portland   ce- 
ment, also  litharge  and  glycerine. 

F.  w.  (CA.) 
The  material  referred  to  is  doubtless 
a  magnesium  oxychloride  cement  which 
was  used  for  a  time  for  this  work.     It 
sets   quicker   and   harder   than   Portland 
cement   but   is   more  expensive.     It  has 
no     advantage     over     Portland     cement 
after    the    latter   has   had    time    to    age 
properly.     It  is  a  combination  of   mag- 
nesium   oxide    powder    and    magnesium 
chloride  liquid  solution  and  is  common- 
ly known  as  "German  cement."        R.  P.  J. 
1 146 — Pumps     in    Tandem — Can     two 
in(hictii  m   motor-driven  turbine  pumps, 
each   rated  at  20u   feet  head,   be  used 
satisfactorily  in   tandem  ito   raise   wa- 
ter 350  feet.     The  pumps  arc   of  the 
same  size.  j.  h.  (ontario.  ) 

The  bur.sting  pressure  to  which  one 
of  the  pumps  will  be  subjected  will  be 
nearly  double  that  for  which  it  was  de- 
signed. I  f  the  pump  has  sufficient  me- 
chanical strength  to  withstand  this  pres- 
sure there  is  no  reason  why  the  two 
pumps  should  not  work  togetlicr  in  tan- 
dem as  suggested.  Hecause  the  pumps 
will  be  working  at  a  lower  head  than 
they  are  designed  for,  it  may  be  neces- 
sary to  throttle  the  output  to  prevent 
its  reaching  such  a  value  as  to  overload 
the  motors.  c.  r.  k. 

1147 — Effect  of  Resistance  of  Trolley 
Wire — Please     advise     what     efT.'ct 
the   cliange    from   a   copper   overhead 
trolley  wire  to  a  steel  rail  (overhead) 
for  crane  .service  would  have  on  the 
motors.     In  the  case  under  considera- 
tion the  steel  rail  will  have  more  car- 
rying capacity  than  the  cable  now  has, 
\  great  many  of   the  500  volt  crane 
motors   are   burnt   out   under   present 
conditions    and    the    overhead    trolley 
wire  also  gets  burned.     The  mills  are 
steel    foundries,   and   the  cranes   han- 
dle heavy  castings.  H.  G.  (mo.) 
The  efi'ect  of  changing  from  a  copper 
trolley  to  a  steel  rail,  if  any.  would  be 
to  increase  the  voltage  at  the  motor  ter- 
minals   because    the    resistance    of    the 
rail  is  less  than  that  of  the  trolley  wire 


in  normal  operation.  In  case  of  a  flash- 
over  of  the  motors  there  might  be  a 
condenser  effect  of  the  steel  rail,  espe- 
cially if  other  rails  are  in  the  vicinity 
and  the  rush  of  the  current  would  be 
greater  than  with  a  trolley  wire  of  re- 
latively greater  resistance.  In  large 
systems  using  third  rails,  surges  have 
been  observed  due  to  the  condenser  ef- 
fect of  the  third  rail  when  the  power 
in  some  branch  line  is  suddenly  thrown 
off.  w.  s. 

1148 — Measurement  of  Power  in  One 
Direction — W'c    have    a    three-phase 
1 1  000   volt   transmission   line   with    a 
])lant  at  each  end,  and  wish  to  install 
a  watthour  meter  at  the  middle  of  the 
line,   to   measure   the   power   supplied 
liy   one   plant   to   the   district   beyond 
the  meter.     Power  is  liable  to  flow  in 
either    direction    through    the    meter. 
Can  a  meter  be  installed   which  will 
measure    the    flow    in    one    direction 
only   and   not  be  affected  by  the   re- 
verse flow?     Kindly  explain  how  this 
may  be  done.    The  neutral  is  ground- 
ed. D.  D.  s.  (calif.) 
This  power   can   be   measured   by   an 
ordinary   watthour   meter   with   a   small 
ratchet  on  the  shaft.     .K  suitable  ratchet 
and    pawl    will    provide    practically    110 
drag  on  the  meter  when  it  is  rotating  in 
one  direction,  but  it  will  absolutely  pre- 
vent   motion    in    the    reverse    direction. 
Hence  such  a  meter  will  measure  all  the 
power    which    flows    through    it   in    one 
direction  and  that  only.  C.  R.  R. 
1 149 — Silvering    a    Mirror — ^ViIl    you 
please  give  me  the  information  neces- 
sary to  silver  a  mirror,  such  as  used 
in  portable  meters  and  reflectors,  and 
where   can   the   material   necessary  be 
obtained?                        c.  a.  a.  (minn.) 

Solution  A — ■ 

Silver  Nitrnto,  1  jrrain. 
Dislilletl  Water.  4n  o.  c. 
To  this  solution  add  dilute  ammonium 
hydroxide  drop  by  drop  until  the  brown 
precipitate  first  formed  is  nearly  re-dis- 
solved. When  the  solution  is  right  it 
looks  like  slightly  muddy  water.  Make 
up  to  100  c.  c.  with  distilled  water  and 
filter. 

Solution  Ti — 

Silver  Nitrate,   0.2  grains. 

Sodium     Potassium     Tartrate      (Rochclle 

Salts).   0.17  gi-am. 
Distilled  Water,  100  c.  e. 

Bring  to  boil  and  filter  hot,  cool  to 
room  temperature  before  using.  Mi.x 
equal  volumes  of  A  and  B  in  sufficient 
quantity,  and  immerse  the  glass  to  be 
silvered  in  the  solution  immediately. 
The  silver  is  completely  deposited  in  l.^ 
to  20  minutes.  The  mirror  is  then 
washed  by  dipping  in  water  and  then  in 
alcohol  (to  facilitate  drying)  and  set 
aside  till  dry.  The  silvered  surface  is 
then  coated  with  thin  shellac  (white 
])referably).  When  the  shellac  is  dry 
rub  otT  any  silver  that  may  be  on  the 
face  of  the  mirror  with  a  cloth.  Be- 
fore silvering,  the  glass  must  be  well 
cleaned  by  immersing  in  a  caustic  soda 
solution  for  a  few  minutes  and  washiu'i 
with  water.  The  glass  must  not  be 
touched  with  the  fingers  from  the  time 
it  is  cleaned  until  the  shellac  is  dry. 
The  materials  needed  can  be  obtained 
from  any  ilrug  store.  Ordinary  house- 
hold ammonia  diluted  with  about  four 
volumes  of  water  will  give  a  solution 
of  ammonia  hydroxide  of  the  right 
strength.  r.  ii.  w..  jr 

I  ISO — Pitting  of  Surface  Condenser — 
-V  surface  condenser  using  water 
containing   a   small    amount   of    com- 


mon salt  shows  small  pittings  on  the 
brass  tubes.  These  tubes  are  set  in 
cast  iron  heads.  A  voltmeter  con- 
nected between  the  rail  of  a  trolley 
line  and  a  ground  plate,  both  in  the 
vicinity  of  the  condenser,  shows  a 
maximum  of  lo  volts.  Do  you  think 
jjitting  could  be  caused  by  stray  cur- 
rent from  the  rails  or  is  it  due  to  the 
action  of  saline  water  in  the  brass 
and  cast  iron  on  the  condenser? 

C.  W.  (nova  SCOTIA ) 

The  pitting  of  condenser  tubes  in 
this  instance  is  very  likely  due  to  the 
galvanic  action  of  the  cast  iron  and 
brass  parts  with  the  salt  water  acting 
as  an  electrolyte,  ratlier  than  to  stray 
currents  from  the  trolley  line.  For 
salt-water  work,  it  is  generally  consid- 
ered good  practice  to  use  Admiralty 
metal  tubes  in  condensers,  this  metal 
being  "o  percent  copper,  29  percent  zinc 
and  one  percent  tin.  One  thing  that  is 
important  in  good  condenser  tubes  for 
withstanding  corrosion  is  the  mechan- 
ical structure  of  the  metal  itself.  This 
is  just  as  important  a  thing  to  consider 
as  the  chemical  composition  of  the 
tubes.  A  great  many  tube  failures 
which  cannot  be  explained  by  the  chem- 
ical composition  of  the  tubes  are  easily 
explained  by  a  microscopic  stud}'  of  the 
mechanical  structure  of  the  metal.  A 
microscopic"  study  of  a  piece  of  metal 
taken  from  some  tubing  which  shows  a 
failure  from  pitting  will  generally  show 
a  coarse-grained  tube.  m.  c.  m. 

ii.Si — Meter    Connections — Fig.     1151 
(a)   shows  a  three-phase  22000  to  440 
volt  circuit  metered  with  iio  volt  re- 
cording    wattmeters    using    potential 
and    current    transformers.      Will   the 
energy   consumed   on    the    three-wire 
220/440     volt     circuit     be     accurately 
measured   by   the    meters   on   the   440 
volt     three-phase     circuit?       If     not, 
l>lease    explain.     Would   the   220  volt 
circuit   taken   ofif   between   the   trans- 
formers and  the  meters  be  the  correct 
way   to   get   a  220   volt   circuit    from 
this   installation   and   measure   it   cor- 
rectly? R.  B.  W.  (C.\L1F.) 
This  question  is  somewhat  similar  to 
No.  984.     .^  balanced  load  on  the  three- 
wire  single-phase  circuit  will  amount  to 
nothing   more  than   a   single-jiha.se   load 
at  440  volts  and   will   be   metered  cor- 
rectly  by    the    polyphase    meter.     The 


fig.  1 151   (a) 

amount  of  current  which  flows  through 
the  neutral  wire  of  the  three-wire  cir- 
cuit will,  however,  be  registered  at  440 
volts,  and  hence  the  polyphase  meter 
will  register  any  unbalanced  current  at 
double  its  normal  wattage.  .\  220  volt 
circuit  taken  off  between  the  transform- 
ers and  the  current  transformers  will  nor 
be  measured  by  the  polyphase  meter  an  1 
can  be  measured  correctly  by  a  single- 
phase  meter  placed  in  the  circuit  as 
shown.  c.  B.R. 
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CIRCULATION  STATEMENT 

The  total  edition  of  The  Electric 
Journal  for  the  year  1914  was  146,200 
copies,  thus  making  the  average  edi- 
tion 12,183  copies  per  issue. 

SUPPLEMENTS 

With  the  present  January  issue  are 
included  two  supplements  namely,  the 
Topical  Index  of  The  Electric  Journal 
with  Index  to  Authors  for  Vol.  XI, 
1914  and  the  Table  of  Contents,  1914. 

THE  TOPICAL  INDEXING 
METHOD 

To  those  who  have  not  been  sub- 
scribing to  the  Journal  for  a  number 
of  years,  it  may  be  explained  that  all 
issues  of  the  Journal  are  indexed  ac- 
cording to  the  topical  classification  of 
subjects.  The  whole  scheme  is  based 
on  four  words — "Generation"  "Trans- 
formation" "Transmission"  and  "Util- 
ization" which  all  electrical  men 
should  remember  easily.  The  index 
covering  the  first  decade  was  com- 
pleted with  1913,  and  the  index  ac- 
companying the  present  issues  is  for 
the  first  year  of  the  second  decade. 
Thus  for  the  coming  nine  years  all 
articles  which  have  been  published  in 
the  Journal  can  be  located  by  refer- 
ring to  two  indexes.  In  sending  in 
copies  for  binding,  subscribers  should 
be  sure  to  include  the  topical  index 
along  with  the  title  page  and  table  of 
contents.  Extra  copies  of  the  topical 
index  can  be  secured  at  25c  leach. 

PRICE  FOR  BINDING 

Owing  to  the  greatly  increased  size 
of  recent  issues  of  the  Journal  it  has 
become  necessary  to  make  the  price 
for  binding  copies  furnished  by  sub- 
scribers $1.50  per  volume.  Sub- 
scribers should  send  their  copies  to 
us  prepaid,  and  bound  volumes  will 
then  be  returned  prepaid.  All  volumes 
are  bound  in  our  standard  red  half- 
morocco   with    gold   lettering. 


BOUND  VOLUME 
PRICE   SCHEDULE   FOR   1915 

Bound  volumes  III,  IV, 

V,  VI.  VII,  VII,  IX, 

X    and    XI $2800      29.00 

Any  eight  of  the  above  25.00  26.00 
Any  seven  of  the  above  22.00  23.00 
Any  six  of  the  above..  19.00  20.00 
Any  five  of  the  above..  16.00  17.00 
Any  four  of  the  above..  13.00  14.00 
Any  three  of  the  above  10.00  11.00 
Any  two  of  the  above..      7.00         8.00 

Any  single  volume 4.00         5.00 

Vols.  I  and  II  are  no  longer  available. 

Note:  Add  25  cents  postage  to  all 
Canadian  orders  for  Bound  Volumes 
and  50  cents  on  Forei.gn  orders.  The 
charge  for  binding  copies  supplied  by 
subscribers  is  $1.50  per  volume. 


PERSONALS 


Mr.  E.  N.  Hurley,  president  of  the 
Hurley  Machine  Company  of  Chi- 
cago, manufacturers  of  electric  wash- 
ing machines,  was  recently  elected 
president  of  the  Illinois  Manufac- 
turers  Association. 


Mr.  D.  S.  Harris,  formerly  of  the 
Westinghouse  Lamp  Company,  and 
more  recently  general  agent  of  the 
National  District  Telegraph  Company 
of  New  York,  has  been  appointed  as- 
sistant to  the  vice-president  of  the 
American  District  Telegraph  Com- 
pany, New  York. 


Mr.  B.  Elshoff  has  resigned  his  po- 
sition as  superintendent  of  the  elec- 
trical department  of  the  Canadian 
Westinghouse  Company,  Ltd.,  to  be- 
come works  manager  of  the  Diehl 
Manufacturing  Company,  Elizabeth, 
N.  J. 


Mr.  H.  G.  Knoderer,  sales  manager 
for  the  Western  Electric  Company  at 
Cleveland,  Ohio,  has  been  appointed 
general  sales  manager  of  the  Adams- 
Bagnell  Electric  Company  of  Cleve- 
land, Ohio.  Mr.  Knoderer  was  form- 
erly in  the  sales  department  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany at   East  Pittsburgh. 


Mr.  Frank  H.  Shepard.  special 
representative  and  manager  of  the 
railway  and  lighting  department,  New 
York  office  of  the  Westinghouse 
Electric  &  Mfg.  Company  has  been 
transferred  to  the  railway  and  lighting 
department  reporting  directly  to  Mr 
C.  S.  Cook,  manager.  Mr.  Shenard 
will  continue  to  be  located  in  the  New 
York  office  at  165   Broadway. 


Mr.  T.  E.  Collins,  formerly  manager 
of  the  detail  and  supply  department 
of  the  San  Francisco  office  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany is  now  sales  manager  for  the 
Pacific  Electric  &  Mfg.  Company  of 
San  Francisco. 


Mr.  Calvert  Townley.  assistant  to 
the  president  of  the  Westinghouse 
Electric  &  Mfg.  Company,  is  making 
a  tour  of  South  America  in  the  inter- 
est of  his  Company. 


Mr.  J.  G.  De  Remer,  formerlv  of 
the  San  Francisco  office  of  the  West- 
inghouse Electric  &  Mfg.  C'-,mpany. 
and  more  recently  chief  engineer  of 
the  LTnited  Light  &  Power  Comoany 
at  San  Francisco,  is  now  associated 
with  the  District  Steam  Company  at 
North  Tonawanda,  N.  Y. 


MEETING  OF  AGENT-JOBBERS 


Mr.  Alexander  Taylor,  manager  of 
works  of  the  Westinghouse  Electric 
&  Mfg.  Company,  is  making  a  busi- 
ness trip  to  the  Pacific  Coast  States. 


The  Midwinter  Meeting  of  the 
Westinghouse  Agent  -  Jobbers  was 
held  at  French  Lick  Springs,  Indiana, 
December  3.  4  and  5.  Matters  of 
mutual  interest  were  discussed  and 
the  following  officers  elected: — Presi- 
dent, N.  G.  Harvey,  Chicago.  111.; 
Vice-President,  S.  L.  Nicholson, 
Pittsburgh.  Pa.:  Secretary.  Max  Mc- 
Graw.  Sioux  City.  la.:  Assistant  .Sec- 
retary, H.  T.  Pritchard.  Pittsburgh, 
Pa.:  Treasurer.  J.  E.  McClernon,  New 
York,  N.  Y.  The  object  of  the  asso- 
ciation is  to  promote  close  relations 
between  the  manufacturer  and  the 
agent-jobbers,  with  a  view  to  provid- 
in<r  more  efficient  avenues  for  dis- 
tribution of  electric  appliances,  and 
to  popularize  the  use  of  electrical  ap- 
paratus and  supplies  to  the  end  that 
the  purchase  of  such  articles  may  be 
made  easy  and  convenient  for  the 
ultimate  user. 


NEW  RELIEF  AND  PENSION 
SYSTEM 

The  Westinghouse  Electric  &  Mfg. 
Company  has  just  issued  a  prelimi- 
nary statement  of  its  Sickness  and 
Accident  Relief,  Accident  Compensa- 
tion Service  Pensions  on  whch  its 
officers  have  been  working  for  over  a 
year.  The  plan  includes  three  sepa- 
rate and  distinct  features: — i — Ex- 
tension of  the  present  Relief  Depart- 
ment; 2 — An  Accident  and  Compen- 
sation   Plan;   3 — Service    Pensions. 

The  privileges  of  the  Relief  Depart- 
ment are  open  to  every  employee, 
male  or  female,  regardless  of  age, 
position  or  location,  upon  payment  of 
small  monthly  dues. 

The  Company  pays  the  entire  ex- 
pense connected  with  the  operation 
and  maintenance  of  this  Department, 
the  dues  being  reserved  wholly  for 
the  payment  of  benefits  (proportioned 
to  wages)  for  sickness  and  accident 
arising  from  causes  other  than  em- 
ployment. 

Benefits  will  continue  as  long  as 
disability  lasts,  or  until  the  age  of  70 
years  is  reached,  when  pensions  will 
then   be   granted. 

The  Accident  Compensation  Fund  is 
maintained  entirely  by  the  Company 
for  the  benefit  of  all  employees,  male 
or  female,  whether  they  belong  to  the 
Relief  Department  or  not.  This  plan 
covers  the  payment  for  disability  due 
to  accident,  or  for  death  resulting 
from  accident,  while  at  work  as  an 
employee,  and  makes  provision  for 
both  total  and  partial  disability.  In 
case  of  total  disability  the  Company 
will  pay  as  long  as  the  disability 
lasts,  even  for  life,  two-thirds  of  the 
average  wages  receved,  and  for  par- 
tial disability,  two-thirds  of  the  re- 
duction in  the  earning  capacity  of  the 
employee,  even  though  the  employee 
should  eventually  leave  the  service  of 
the  Company.  In  case  of  death  the 
Company  will  immediately  pay  the 
dependents,  or  next  of  kin  $150.  as 
explained  under  the  provisions  of  the 
plan  as  a  pension  to  the  widow  or  de- 
pendent husband  or  children  under 
16  years  of  age.  Medical,  surgical 
and  hospital  expenses  under  the  di- 
rection of  the  Company's  medical  of- 
ficers will  be  paid  during  disability 
from  such  accidents. 

Employees  of  the  Company  shall 
be  retired  at  the  age  of  70  years,  and 
those  who  at  the  time  of  such  retire- 
ment are  members  of  the  Relief  De- 
partment, and  have  completed  at  least 
,30  years  of  continuous  service  are  to 
be  granted  a  pension  amounting  to  i 
percent  of  the  avera.ge  monthly 
wages  during  the  last  10  years  of  em- 
ployment for  every  year  of  continu- 
ous service,  with  a  minimum  of  $20 
per  month  and  a  maximum  of  $100  per 
month. 

Upon  the  death  of  the  pensioner, 
one-half  of  the  pension  will  be  paid 
to  the  widow  until  remarriage,  pro- 
viding marriage  occurred  at  least  10 
years  before  the  granting  of  the  pen- 
sion. For  the  support  of  each  child 
under  16  years  of  age.  one-fourth  of 
the  pension  will  be  paid  until  thev 
reach  the  age  of  16  years.  The  Presi- 
dent may.  at  his  discretion"  retire  any 
employee  between  the  ages  of  60  and 
70  years  who  has  been  in  the  service 
the  required  time,  and  he  may  in- 
crease any  pension  for  specially 
meritorious  service,  by  25  percent, 
but  not  beyond  the  maximum  pen- 
sion, of  $100  per  month. 
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The  necessity  for  the  predetermination 
The  Selection  of  electric  car  equipment  as  an  essen- 

of  Car  tial  to  correct  appHcation  of  railway 
Equipment  equipment  is  daily  becoming  more 
widely  appreciated.  The  thoughtful 
railway  operator  realizes  the  folly  of  attempting  to 
secure  the  highest  degree  of  economy,  if  the  equip- 
ments which  deliver  the  entire  mechanical  output  of 
his  transportation  machine  are  the  product  of  hap- 
hazard selection. 

At  first  sight  the  number  of  variable  factors  enter- 
ing into  car  operation  seems  appalling.  Even  when 
the  values  of  these  variables  are  known  or  assumed 
for  a  specific  case,  the  problem  does  not  lend  itself  to 
an  exact  mathematical  solution.  However,  experi- 
ence and  analysis  of  the  principles  of  car  operation 
have  shown  that  there  are  some  half  dozen  major 
variables  which  practically  determine  the  equipment 
required  for  a  certain  service.  If  these  variables  are 
accurately  known,  or  assumed  with  good  judgment,  a 
series  of  simple  calculations  suffices  to  indicate  the 
capacity  of  the  equipment  required  and  its  probable 
consumption  of  energy. 

The  article  in  this  issue  by  Mr.  Cooper,  on  the 
"Calculation  of  the  Performance  of  Car  Equipment," 
is  a  clear  statement  of  the  major  factors  in  equipment 
selection  and  includes  one  method  of  calculating  car 
performance.  The  variety  of  the  computations  in- 
volved makes  the  detailed  descriptions  long,  so  that 
to  some  the  method  may  appear  complicated.  How- 
ever, such  is  not  the  case  as  the  actual  calculations  re- 
quire only  the  simplest  of  arithmetical  principles.  Fur- 
thermore, as  indicated,  the  process  may  be  carried  out 
rapidly  by  working  out  all  the  values  systematically 
in  one  column  before  taking  up  any  of  those  in  a  sub- 
sequent column.  In  view  of  the  large  number  of 
variables  and  more  or  less  indeterminate  factors  enter- 
ing into  car  operation  the  closeness  with  which  calcula- 
tions of  this  nature  are  checked  by  the  actual  per- 
formance of  numerous  equipments  in  service  is  suffi- 
cient proof  that  the  method  is,  as  Mr.  Cooper  says, 
■"Sufficiently  accurate  for  all  practical  purposes." 

The  analysis  of  car  operation  and  the  correct  ap- 
plication of  railway  equipment  have  been  the  subject 
of  careful  investigation  by  many  eminent  engineers  in 
the  consulting  field  as  well  as  by  those  connected  with 
railway  companies  and  equipment  manufacturers.  As 
the  railway  operators  are  the  men  who  finally  have 
to  "live  with  the  equipment"  it  would  seem  impossible 
for  them  to  give  too  much  attention  to  this  matter  of 
correct  selection.    It  is  of  vital  importance  in  securing 


reliability  of  service  and  economy  of  operation.  To 
obtain  the  best  results  it  appears  that  each  and  every 
electric  railway  should  have  at  its  service  some  one 
sufficiently  familiar  with  the  calculation  of  car  per- 
formance to  select  its  equipment  properly  and  check 
manufacturers'  recommendations.         F.  E.  Wynne 


Another    interesting    advance    in    the 
Polyphase     adoption   of   the   polyphase   induction 

Electric  motor  to  railway  service  has  been 
Locomotives  made  by  the  development  for  the 
Italian  State  Railway  of  a  type  of 
passenger  locomotive  with  flexible  characteristics.  In 
describing  this  locomotive  in  the  present  issue  of  the 
Journal,  Mr.  Pontecorvo  brings  out  clearly  the  great 
advantage  of  the  induction  type  of  motor  as  regards 
economy  of  space.  This  concentration  of  35.6  horse- 
power per  ton  of  weight  is  much  higher  than  it  is  pos- 
sible to  obtain  with  the  commutator  type  of  motor, 
while  the  speed  variation  from  23  to  62  miles  per  hour 
meets  all  the  requirements  which  the  steam  locomo- 
tive formerly  filled  in  passenger  service. 

American  engineers  now  have  an  opportunity  to 
witness  at  first  hand  the  results  of  service  with  this 
type  of  locomotive,  which  has  been  used  so  extensively 
and  successfully  in  Europe  for  some  years  past.  The 
adoption  of  this  type  of  motor  to  the  single-phase 
trolley  system  by  the  Norfolk  &  Western  Railroad 
permits  them  not  only  to  take  advantage  of  its  great 
pulling  power  in  freight  service  on  their  heavy  grade 
section  but  also  to  hold  the  trains  automatically  with- 
out the  use  of  air  brakes,  while  descending  grades. 
One  of  these  locomotives  weighing  270  tons  has  been 
taking  i  700  ton  trains  up  a  two  percent  grade  and 
accelerating  it  to  14  miles  per  hour  without  difficulty. 
In  descending  the  same  grade,  the  locomotive  is  able 
to  hold  a  train  of  twice  this  tonnage  by  regeneration, 
with  considerably  less  than  full-load  current  in  the 
motors.  The  operation  of  trains  without  the  use  of 
air  brakes  on  down  grades  has  proven  a  revelation  to 
steam  operating  officials,  who  realize  the  importance 
of  having  the  air  brakes  held  as  an  emergency  safe 
guard,  as  well  as  the  saving  in  maintenance  of  the 
equipment  effected  by  the  elimination  of  the  strains 
due  to  braking. 

With  the  practical  development  of  flexible  specil 
locomotives  for  passenger  service  as  described  by  Mr. 
Pontecorvo,  it  seems  that  where  it  is  desirable  to  use 
the  polyphase  motor  for  heavy  grade  freight  haulage, 
the  passenger  service  mav  also  be  cared  for  by  similar 
locomotives.  W.  R.  Stinemetz 
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The   interest  which   the  shop   worker 
Safety  First    or  the  central  station  attendant  should 
Fire  take    in    fire    prevention    is    brought 

Precautions  home  in  a  striking  manner  when  we 
see  a  manufacturing  plant  almost  com- 
pletely destroyed  in  a  few  hours  and  thousands  of  em- 
ployees added  to  our  already  large  army  of  unem- 
ployed, as  was  recently  the  case  in  a  large  eastern 
factory.  Preparedness  for  fire,  like  preparedness  for 
war,  is  likely  to  be  allowed  to  fall  below  the  require- 
ments when  real  occasion  for  action  suddenly  presents 
itself.  An  idea  as  to  how  some  concerns  are  maintain- 
ing their  equipment  and  working  force  in  readiness 
for  such  emergencies  may  be  gained  by  a  perusal  of 
the  article  in  this  issue  by  Mr.  W.  H.  Gilleland,  who 
has  been  a  student  of  fire  prevention  methods  for 
many  years.  If  this  article  will  help  our  readers  to 
realize  their  personal  interest  in  fire  prevention  and 
make  them  more  careful  in  following  out  the  rules 
outlined,  it  will  be  well  worth  while. 

Mr.  Gilleland  shows  that  the  watchword  for 
successfully  preventing  destructive  fires  must  be  thor- 
ough planning  and  vigilant  attention  to  all  details. 
Most  of  the  benefits  of  fireproof  walls  and  floors  are 
lost  if  metal  sash  and  wire  glass  are  not  used,  or  if 
stairways  and  elevator  shafts  are  not  enclosed  in  fire- 
proof walls  and  doors.  An  elaborate  sprinkler  system 
is  absolutely  useless  if  some  one  fails  to  open  the  main 
valve  after  making  needed  repairs. 

Workmen  should  receive  special  training  in  the 
handling  of  fires  in  and  around  electrical  apparatus. 
The  methods  to  be  followed  are  so  entirely  different 
from  those  which  may  properly  be  used  to  prevent  the 
spread  of  fire  in  ordinary  combustible  material  that 
apparatus  may  be  badly  damaged  by  ill  advised  meth- 
ods. Then  again,  where  there  is  high  tension  appara- 
tus, the  fire  fighting  force  should  be  instructed  both  as 
to  the  best  means  of  preventing  damage  to  the  appa- 
ratus and  the  steps  to  take  to  avoid  injury  to  them- 
selves. 

In  large  concerns  where  tliousands  of  employees 
are  gathered  together,  it  has  been  found  that,  even  with 
the  most  thorough  precautions,  it  is  impossible  to  pre- 
vent the  starting  of  fires.  The  whole  safety  of  such 
a  plant  rests,  first,  on  the  construction  which  should 
limit  the  spreading  of  fire,  and  second,  on  the  prompt 
action  of  the  fire  brigade  or  the  sprinkler  system  in 
putting  it  out.  In  any  large  plant  a  fire  that  is  not 
promptly  suppressed  may  soon  reach  such  proportions 
as  to  tax  the  capacity  of  the  best  equipment  and  the 
resources  of  the  most  carefully  trained  organization. 

The  cau.sc  of  every  large  fire  should  be  studied 
and  all  possible  les.sons  drawn  from  the  mistakes  of 
others.  In  some  organizations  it  is  the  practice  to 
make  a  personal  inspection  after  large  fires,  trips  being 
made  to  considerable  distances  to  study  into  the  causes 
of  failure  of  the  methods  of  otlier  similar  concerns. 
The  large  corps  or  trained  fire  engineers  and  inspec- 


tors who  are  employed  by  the  fire  insurance  companies 
is  of  great  assistance  in  keeping  fire  brigades  and  fire 
fighting  equipment  up  to  the  highest  state  of  efficiency. 
These  inspectors  should  be  welcomed  at  all  times  as 
no  plant  is  insured  to  such  an  extent  that  an  expensive 
fire  may  not  mean  disaster  to  a  going  concern.  Oper- 
ating men  and  manufacturers  are  now  recognizing 
quite  thoroughly  that  any  considerabale  fire,  in  addi- 
tion to  the  property  loss  in  excess  of  the  insurance,  in- 
volves a  loss  of  business  due  to  interruption  of  pro- 
duction and  the  breaking  up  of  the  organization  due 
to  irregular  operation,  and  in  fact  these  latter  factors 
may  be  even  more  serious  than  the  actual  damage  to 
buildings  and  equipment.  Above  all  it  should  contin- 
ually be  kept  in  mind  that  damage  by  fire  is  a  pre- 
ventable loss.  J.  E.  Webster 


Twelve 
Thousand 


The  present  month  witnesses  the  pass- 
ing of  the  twelve  thousand  mark  in 


,,  ,  the  sales  of    bound    volumes  of    the 

Volumes       ,  „,  .      ,  ,  ,  . 

„  ,         JOURNAL.    This  phenomenal  record  is 

Bound         .      .      ,.        ,  r   ■  •  ,      ,    , 

m  Itself  a  definite  testimonial  of  the 

value  which  subscribers  place  on  the  reading  pages  of 
the  Journal.  They  are  worth  to  them  not  only  the 
subscription  price  but  also  the  further  cost  of  binding. 
New  subscribers  find  current  issues  of  practical  help 
in  their  work  and  then  invest  in  previous  volumes. 
An  analysis  of  the  sales  of  volumes  brings  out  this  in- 
teresting fact  that,  while  the  latest  volume  is  in  great- 
est demand,  there  is  a  continual  call  for  all  volumes. 

The  average  number  of  pages  per  volume  is  over 
nine  hundred.  Thus  it  is  evident  that  considerably 
over  looooooo  pages  of  engineering  data  presented 
through  the  Journal  are  now  being  preserved  in  con- 
venient form  for  quick  reference.  The  actual  facts  are 
probably  considerably  in  excess  of  this  figure,  as  many 
subscribers,  especially  those  distant  from  Pittsburgh, 
have  their  volumes  bound  locally.  The  figures  just 
mentioned  are  an  indication  of  the  value  which  a  tech- 
nical periodical  may  be  to  the  engineering  world.  The 
Journal  has  only  recently  completed  the  first  decade 
of  its  existence.  It  has  now  passed  its  formative  stage 
and  may  be  considered  firmly  established  in  its  chosen 
field.  With  the  experience  of  the  past  decade  as  a  basis 
for  future  activity  the  Journal  should  be  of  even 
greater  service  to  the  electrical  industry  during  the 
coming  ten  vears.  In  a  magazine  such  as  the  Journal. 
however,  the  editors  live  in  the  future  and  not  in  the 
past.  Records  of  past  achievements  are  interesting  in 
retrospect  and  are  of  value,  but  conditions  in  the  elec- 
trical industry  change  rapidly  and  in  attempting  to 
foresee  and  supply  the  needs  of  its  readers,  they  must 
keep  in  close  touch  with  present-day  requirements. 
Subscribers  themselves  should  also  remember  that  they 
can  increase  the  value  of  their  investment  in  the 
Journal  by  making  definite  suggestions  from  time  to 
time  as  to  topics  of  general  interest  which  they  would 
like  to  have  discussed. 


Three-Phase  Italian  Passenger  Locomotives 

THE  NEW  EQUIPMENT  OF   THE  ITALIAN  STATE  RAILWAY 

G.    PONTECORVO 

THE     THREE-PHASE     passenger    locomotive?  each,  of  the  slip  ring  type.     The  stator  windings  are 

which  the  Societa  Italiana  Westinghouse  are  designed  so  that  the  coils  can  be  grouped  either   for 

now   delivering  to  the   Italian   State   Railway  two-phase,    six    jxiles    or    three-phase,    eight    poles,, 

can   be   considered   as    the   culmination   of   the   three-  Similarly  the  rotor  has  a  special  winding  which  can  be 

phase   development  initiated  and  carried  out  by   Mr.  connected    for   either   two-phase,    six   poles  or   three- 

K.  de  Kando  during  the  last  twenty  years.     After  '.he  phase,  eight  poles.    The  connections  are  such  that  only 

light   passenger   and    freight    locomotive   built   by    the  seven  slip  rings  are  required.     A  group  of  three  or  a 

Ganz  Company  for  the  Valtellina  lines  in  Italy,  two  group  of  four  of  the  seven  slip  rings  can  be  connected 

powerful   locomotives   for   freight   and   for   passenger  to  the  stator  of  the  second  motor  when  a  three-phase, 

service  were  designed  to  fulfill  all  the  requirements  of  eight-pole  or  two-phase,  six-pole  cascade  is  required, 

heavy  passenger  and  freight  traffic  on  level  and  high  Otherwise    they    can    be    short-circuited    through'  the 

^rade  lines.   The  locomotives,  designated  by  the  Italian  water    rheostat    when    the    motors    are    connected    in 


State  Railway  as  type  o^o,  have  had  a  wonderful  rec- 
ord on  the  old  Giovi  line.*  where  they  have  tripled  the 
capacity  of  the  line  as  compared  with  the  steam 
service,  and  on   numerous  other  mountain   roads  like 


parallel  to  the  line.     The  two  motors,  of  course,  are 
connected  together  mechanically. 

By  connecting  the  motors  in  parallel  on  the  line 
( connected  either  for  two-phase   six  poles,  or  three- 


FIC.    I — SOCIETA   ITALI.^NA    WESTINGHOUSE   LOCOMOTIVE,   2  600   HORSE-POWER   CAPACITY   WITH -SEEED  RANGE   FROM    23   TO  62 

MILES    PER    HOUR  ^'''■2. 

the  Savona-Ceva  and  the  Mt.  Cenis  lines.     The  other     phase  eight  poles),  or  connecting  them  in  cascade,  a 


one.  known  as  type  ojo,  has  been  designed  for  passen- 
ger traffic  and  high  speed,  and  has  all  the  necessary 
requirements  for  such  service,  including  lightness, 
simplicity,  high  power  and  great  flexibility  of  .speeds 
which  vary  from  23.3  to  62  miles  per  hour,  the  maxi- 
mum speed  demanded  today  by  passenger  trains  on 
trunk  lines.  Although  in  principle  this  type  of  pas- 
senger locomotive  is  similar  to  the  type  0^0  running  on 
the  Giovi  line,  there  are  some  electrical  and  mechanical 
features  which  are  quite  new,  as  indicated  below. 

ELECTRIC.\L    EQUIPMENT 

The  new  locomotives  are  equipped  with  two  3  300 
volt,  16.7  cycle  induction  motors  of  i  300  horse-power 


*^pf^    fhf    TniTPVAi     fnr    OrfnKi 


four-speed  combination  can  be  obtained  which  at  16.7 
cycles  with  a  wheel  diameter  of  1.63  meters  (^64.2 
inches)  gives  four  running  speeds  of  23.3,  31,  46.6 
and  62  miles  per  hour,  which  is  fully  sufficient  for 
passenger  service  locomotives,  not  only  on  level  line.s 
but  also  on  lines  with  fairly  high  grades. 

As  in  the  freight  locomotive,  the  change  of  the 
motor  connections  from  parallel  to  cascade,  and  also 
from  six  to  eight  poles,  two  to  three-phase,  is  made 
by  a  drum  type  controller  of  very  simple  construction 
as  it  never  operates  under  current.  This  controller  is 
operated  through  electro-pneumatic  relays  by  a  master 
controller.  The  method  of  starting  the  wound-rotor 
induction  motor  is  by  means  of  a  rheostat  of  the  liquid 
type,  similar  to  that  employed  in  all  the  de  Kando 
locomotives,  except  that  it  ha";  been  ereatlv  imorovcd 
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as  regards  the  automatic  regulation  feature  which  in- 
creases or  decreases  automatically  tlie  amount  of  re- 
sistance inserted  in  the  rotor,  so  as  to  keep  the  power 
absorbed  from  the  line  fixed  at  a  predetermined  value. 


FIG.  2 — THE  I-OCOMOTIVi;  WITH    PA  \  h  )(,K  \P  II    -Ij    \\i>\    AXUnRIVING 
MECH.\.N"ISM    KEMOVKD 

Showing  the    relative   location   of   motors   and   controller 
to  the  driver.s. 

Besides,  in  this  new  locomotive  the  rheostat  has  been 
greatly  improved  as  regards  its  capacity.  It  is  sup- 
plied with  a  small  centrifugal  pump,  operated  by  an 
induction  motor  which  is  inserted  in  the  line  as  soon 
as  the  rheostat  is  in  operation.  This  pump  throws  a 
jet  of  water  against  the  resistance  plates  so  that  there 
is  no  concentration  of  heat  at  the  surface  of  the  water 
but  all  the  water  assumes  an  even  temperature. 

The  automatic  regulator  is  designed  so  as  to  regu- 
late fiir  constant  watts  instead  of  constant  current,  as 


rii  .    .;        I  III      I   l''l    IP    I   lllii-rAT    WITH     SF.LK-liiX  I  AI.NKIi    Allo- 
MATIC    EQUIPMENT 

was  the  case  in  the  older  type  of  rheostat.  The  regu- 
lator. //,  Fig.  5,  consists  of  a  laminated  core 
with  a  two-pole  winding  connected  in  series  on  the 
ground  i)Iiase  of  the  motor  and  constituting  the  stator. 


and  of  a  double  T-.shaped  rotor  with  a  wind- 
ing inserted  between  the  other  two  pliases.  The 
torque  exerted  between  stator  and  rotor  is  counter- 
balanced by  a  spring  and  the  tension  of  this  spring 
can  be  regulated  by  the  starting  controller  operated  by 
tliL-  motorman  so  as  to  predetermine  the  amount  of 
power  to  be  absorbed  from  the  line  by  the  motors. 
When  the  power  absorbed  by  the  motor  exceeds  a  pre- 
determined value,  the  regulator  tends  to  rotate  in  one 
direction,  thereby  increasing  the  resistance  inserted  in 
the  rotor  which  in  its  turn  decreases  the  power  ab- 
sorbed; vice  versa,  when  the  power  absorbed  tends  to 
decrease,  the  regulator  rotates  in  the  other  direction, 
thus  keeping  the  amount  of  power  taken  by  the  motor 
at  a  constant  value.  Besides  the  controller  and  liquid 
rheostat,  the  locomotive  is  equipped  with  the  usual 
auxiliary  apparatus  and  instruments.  There  is,  how- 
ever, in  addition,  a  transformer  to  change  the  power 
supply  from  three  to  two-phase.  This  transformer, 
however,  is  of  small  capacity. 


¥H:.      4 — THE      MOTOK       USKli      IN       IHK      IIALIA.N 
LOCOMOTIVE 

Showing  the  method  of  mounting  the  controller  and  the 
double  equipment  of  slip  rings. 

The  arrangement  of  the  electrical  circuits  can  b^ 
seen  from  Figs.  5,  6  and  7.  Fig.  5  shows  the  connec- 
tion between  the  overhead  line  and  the  primary 
switch  through  the  trolley,  impedance  coils,  and  oil 
switcli;  also  the  circuit  suiiplyiiig  the  auxiliary  ap- 
paratus with  fuses,  liglitning  arresters,  and  trans- 
formers. The  throe  phases  consist  of  two  overhead 
wires  and  the  rails  or  ground  phase.  There  are.  as 
already  mentioned,  four  conncctiotis  of  windings  and 
motors,  to  obtain  the  fotir  rimning  speeds.  Two 
ciiiinections  are  shown  in  Fig.  6:  that  is.  the 
three-phase,  eight-pole  cascafle  and  the  two-phase,  six- 
]»le  parallel.  .Ml  of  these  connections  are  made  by 
the  controllers  shown  in  Fig.  4.  which  are  never 
o])erated  under  load.  The  connections  from  the  slip 
rings  to  the  water  rheostat  are  shown  in  Fig.  7.  The 
water  level,  rising  in  the  rheostat,  fills  the  space  be- 
tween the  plates,  thus  short-circuiting  the  rotor  wind- 
ings, which  are  connected  to  the  plates  as  shown.  The 
controller,    the    trolley    and    the    liquid    rheostat    are 
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•operated  by  compressed  air  supplied  by  a  small  three-  next  to  it  so  as  to  form  a  kind  of  truck.  All  three 
phase  motor  and  compressor  which  also  supplies  the  driving  axles  have  a  transverse  play  for  easy  opera- 
air  for  the  two  air  brakes  (the  automatic  and  straight  tion  on  curves.  The  slip  rings  are  outside  the  wheel 
air  brakes).  5asg  3,-,^]  easily  accessible. 

The  motors  are  well  ventilated  with  air  circula-  The    weight    of     the    locomotive,    complete,    is 

tion  through  stator  iron  and  winding.  The  stator  end  yi,  metric  tons  of  which    45  to    51    tons  is    adhesive 

T.'\BLE  I— WEIGHTS  AND  DIMENSIONS 


Weights 

Dimensions 

Items 

Kilograms    Lbs. 

Items           Meters 

Inches 

Mechanical 
Equipment  .  . 

Motor  Equip- 
ment .....    . 

Control  Equip- 
ment   

Air  brake  Equip- 
ment   

Maximum 
30  650  67  500      width 3.05 

Maximum 
27  270   60  000       length 11.00 

Diameter  of 
12  700   28  000       driving  wheels    1.63 

Diam.  of    pony 
2  300     5  050       truck  wheels.     0.93 

120 
434 

64 

37.8 

TABLE  II— RELATIONS  BETWEEN  DRAW-BAR  PULL 
AND  SPEED. 


FIO.  5 — WIRING  DIAGRAM  SHOWING  CONNECTIONS  FROM 
THE  TROLLEY  TO  THE  MOTOR  SWITCH  AND  AUXILIARY 
APPARATUS 

I — Contact  wires  ;  2 — Trolley  ;  t, — Inductance  coils  ;  4 — 
Automatic  circuit  breaker  ;  5 — Primary  switch  ;  6  and  7 — To 
motor  primaries;  8  and  9 — Connections  of  automatic  regulator 
for  cascade  and  parallel  connection,  respectively;  10 — ^Ground 
connections;  11 — Stationary  part  of  automatic  regulator;  12 — 
Fiises;  13 — Lightning  arresters;  14 — Transformers  with 
primary  and  secondary,  A  and  B  respectively. 

connections  are  dipped  in  an  insulating  compound 
and  then  covered  with  a  brass  plate  to  prevent  damag- 
ing. Experience  has  shown  that  this  construction  has 
done  away  with  insulation  break-downs  due  to  mois-» 


Draw-Bar  Pull 
Kilograms             Pounds 

Speed 

Kilometers 
per  hour 

Miles  per  hour 

9000                  19  800 
9000                  19  goo 
9500                  20  900 
6000         1          13  200 

37.5 
50 
75 
100 

23.3 

31 

46.6 

62 

weight.  The  weight  on  the  drivers  can  be  changed 
within  these  figures  by  an  arrangement  which  shifts 
the  weight  from  the  drivers  to  the  supporting  axles. 
The  weight  and  dimensions  of  the  locomotive  are 
given  in  Table  I. 

The  motors  are  mounted  on  the  frame  in  such  a 
way  that  the  air-gap  of  the  motor  can  be  kept  as  small 
as  electrical  considerations  will  permit.  This  is  done  by 
ha\'ing  the  bearings  which  support  the  rotor  rigid  with 
the  stator  frame,  and  independent  of  those  which  sup- 


Fin.    6 — TYPICAL    MOTOR    CONNECTIONS 

Showing  the  method  of  connecting  the  two  motors  for  three-phase,  eight-pole,  cascade  (left)  and  for  two-phase, 
six-pole,  parallel. 


ture    and    vibration    caused    by    heavy    currents    ?t 
starting. 

MECHANICAL  CONSTRUCTION 

This  locomotive  has  five  axles,  and  is  of  the  two- 
six-two  type ;  that  is,  two  of  these  axles  are  support- 


port  the  revolving  shaft.  The  motors  are  connected  to 
the  driving  wheels  by  a  Scotch  yoke  similar  to  that  of 
the  Giovi  locomotive. 

These    locomotives    are    designed    for    the    Giovi 
Subsidiary  line  and  for  the  Monza-Lecco  line,  which 


ing  axles  and  the  other  three  are  driving.  The  two  connects  Milan  to  the  lake  of  Como  and  to  the  Valtel- 
supporting  axles  are  placed  one  at  each  end  of  the  lina  lines  which  were  electrified  in  1901  with  the  same 
locomotive  and  each  is  connected  to  the  driving  axle     system.     The  Monza  line  is  a  level  single  track  line 
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while  the  Giovi  Subsidiary  is  a  double  track  line  and 
has  fairly  high  grades,  reaching  1.6  percent  in  the  open 
and  1. 16  in  a  5.2  mile  tunnel. 

OPKKATINC  RESULTS 

Some  figures  regarding  the  performance  and  tests 
of  this  type  of  locomotive  may  be  interesting.  The 
normal  rating  of  the  two  motors  is  2  600  horse-power  at 
three-phase,  sixteen  and  two-third  cycles,  3  300  volts 
and  is  such  that  the  locomotive  can  develop  for  one 


iiig  expenses.  Their  cost  compares  favorably  with  the 
cost  of  electric  locomotives  in  the  United  States ;  how- 
ever, the  ratio  of  horse-power  to  weight  or  2  600  73  is 
considerably  higher.     This  is  due  in  part  to  technical 


Thtce-Phase    Ritins  Two-Phase  Rinijs 

FIG.    7 — LINE    I)I.^(;RAM    OF    LIQUID    RHKOSTAT   CONNECTION'S    FROM 
THE    MOTOR    SLIP    RINGS 

hour  continuously  the  draw-bar  ])ulls  given  in  Table 
II  with  a  motor  temperature  rise  not  exceeding  75 
degrees  C. 

This  locomotive  can  start  a  train  of  350  tons  ( ex- 
clusive of  locomotive)  and  bring  it  up  to  75  kilometers 
(=46.6  miles  per  hour)  speed  on  a  straight  line  hav- 
ing a  grade  of  1.2  percent  with  an  acceleration  of  0.15 
kilometers  (=0.093  miles)  per  hour  per  second;  the 
tractive  effort  at  starting  is  such  as  to  fully  utilize  the 


FIG.     9 — WESTIXGIIorsE    THREE-PHASE    OVERHEAD    CONSTRUCTION 

reasons,  and  to  the  necessity  for  higher  tractive  efforts 
in  the  United  States. 

These  locomotives  are   rapidly  solving  the  prob- 
lems of  high   speed   freight  and  passenger  service  on 


FIG.  8 — HEAVY    FREIGHT  AND   HIGH    SPEED  PASSENGER  THREE-PHASE   LOCOMOTIVES  0.\    THE   ITALIAN    STATE   RAILWAY 


adhesion    between    zero    and    75    kilometers    (=46.6 
miles)  per  hour  speed. 

Of  these  locomotives  the  Italian  Westinghouse 
Company  has  already  built  16  and  their  operation  is 
very  satisfactory.  They  are  run  regenerating  on  the 
down  grades,  in  this  way  greatly  reducing  the  operat- 


the  lines  on  which  they  have  been  installed.  Some 
doubts  were  expressed  some  time  ago  as  regards  the 
overhead  line  having  two  wires.  However,  no  trouble 
has  been  experienced,  although  the  overhead  construc- 
tion, with  sliding  pantograph  construction,  would  be 
considered  rather  light  in  this  country  for  such  service. 


Fire  Prevention  in  Factory  Buildings 


W.   H.  GiLLELAND. 

Works   Architect, 
Westinghouse  Electric  &  Mfg.  Company 

THE  PROBLEM  of  fire  prevention  in  factory 
buildings,  when  analyzed,  resolves  itself  into 
four  essential  considerations : — The  need  of 
protection  from  fire ;  the  common  causes  of  factory 
fires ;  the  type  of  building  construction  and  apparatus 
best  adapted  to  safeguard  against  fire  and  its  spread  ; 
and  the  best  means  that  can  be  provided  to  prevent 
injury  or  loss  of  life  in  case  of  fire. 


THE  NEED  OF  FIRE  PROTECTION 

This  subject  is  constantly  before  the  minds  of 
manufacturing  plant  owners,  both  large  and  small,  and 
is  one  that  should  be  carefully  considered  when  fac- 
tory buildings  are  being  designed.  The  wise  owner 
is  taking  every  possible  precaution  to  protect  his  em- 
ployees and  his  property  from  the  fire  hazard.  This 
has  brought  about  the  erection  of  buildings  of  non- 
combustible  material  with  enclosed  elevator  and  sta'r 


Most  of  the  manufacturing  plants  carry  insurance 
on  their  property  to  protect  them  from  loss  through 
fire.  This  means  a  heavy  burden  to  the  manufacturer ; 
it  is  a  mistake  to  think  that  the  great  burden  of  meet- 
ing this  annual  fire  loss  rests  exclusively  on  the  in- 
surance companies.  It  is  generally  transferred  to  the 
public  as  a  whole ;  each  individual  bears  a  share  of  the 
burden.  The  lessee  pays  it  to  his  landlord  as  rent; 
the  manufacturer  adds  that  much  more  to  his  articles 
manufactured ;  in  fact  few  of  us  escape  helping  to  pay 
this  debt.  Yet  few  of  us  take  even  ordinary  precau- 
tions to  eliminate  this  unnecessary  tax.  The  poor  as 
well  as  the  rich  shuold  be  interested  in  reducing  this 
enormous  charge  for  fire  protection  in  the  United 
States. 

The  other  and  greater  loss  chargeable  to  fire  is 
the  loss  of  human  life.     Careful  statistics  show  that 


FIG.    I — SYSTEMATIC    FIRE  DRILLS    FAMILIARIZE    EMPLOYEES    WITH 

shafts,  metal  sashes,  wire  glass  and  similar  equipment ; 
all  of  which  have  increased  the  cost  of  factory  struc- 
tures. Even  with  this  precaution,  however,  the  owner 
is  not  insured  against  fires.  There  is  often  sufficient 
inflammable  material  in  buildings  to  completely 
destroy  the  most  carefully  planned  fireproof  structure. 
The  statement  that  a  building  is  fireproof  is  often  mis- 
leading just  for  this  reason. 

The  average  yearly  loss  of  property  by  fire  over 
a  period  of  twelve  years  in  the  United  States  and 
Canada  amounts  to  the  stupendous  sum  of  $214668 
106,  or  an  annual  fire  loss  per  capita  of  $2.47;  and  the 
loss  for  the  year  1913  was  $224  723  350.  These  figures 
represent  the  actual  loss  in  money  value,  which  may  or 
may  not  be  covered  by  insurance,  but  the  fact  remains 
that  this  amount  of  value  has  passed  away  in  smoke 
and  the  nation  is  just  that  much  out  of  pocket. 


THE    USE    OF    FIRE   ESCAPES    AND    THE    NECESSITY    FOR    GOOD    ORDER 

in  the  United  States  there  is  an  annual  destruction  of 
I  500  human  lives  by  fire.  This  in  itself  is  appalling 
and  should  be  sufficient  reason  for  everyone  to  do  his 
utmost  to  eliminate  the  fire  hazard  in  his  own  sphere. 
Who  is  responsible  for  the  great  destruction  of 
life  and  property  by  fire?  This  question  is  never 
satisfactorily  answered.  Investigations  are  made  after 
great  loss  of  life,  but  it  is  very  seldom  that  the  guilty 
persons  are  punished.  The  question  of  fire  protection 
is  a  serious  one  and  should  receive  the  most  careful 
attention  and  active  co-operation. 

COMMON    CAUSES    OF    FACTORY    FIRES 

The  great  majority  of  fires  can  be  traced  directly 
to  the  thoughtlessness  of  some  one  individual,  and 
when  there  is  sufficient  inflammable  material  to  feed 
upon,  it  is  only  a  question  of  a  few  minutes  before  the 
fire  is  beyond  the  control  of  one  man. 
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It  is  true  that  tliere  are  hazardous  places  through- 
out most  manufacturnig  plants,  where  a  thoughtless 
act  on  the  part  of  a  workman  may  endanger  the  lives 
of  his  fellow  men.  These  are  conditions  which  can- 
not be  avoided.  Constant  and  diligent  watchfulness 
must  be  exercised  in  buildings  containing  such  equip- 


Fin.    2 — METAL    FIRE    CURT.MNS    AT    FREQUENT    INTERVALS    HINDER 
THE  TENDENCY  OF  FIRE  TO   SPREAD  OVER   A  LARGE  AREA  OF  ROOF 

ment  as  open  varnish  tanks,  japanning  kettles,  volatile 
vapors  or  places  where  there  is  handling  and  mixing 
of  inflammable  materials.  Many  lives  may  be  lost  in 
such  places  by  the  thoughtless  lighting  of  a  match,  by 
transporting  hot  metal  through  the  section,  or  carry- 
ing an  open  lamp  or  torch  close  to  an  open  vat  filled 
with  volatile  material.  The  workman  not  only  has  to 
be  on  guard  himself  in  these  dangerous  places,  but 
should  see  also  that  workmen  from  other  parts  of  the 
factory  observe  the  proper  precautions  in  his  depart- 
ment, as  a  careless  act  on  the  part  of  anyone  may  not 
only  endanger  the  property  of  his  employer,  but  his 
own  life  and  the  lives  of  his  fellow  workmen. 

Individual  cleanliness  around  the  machine  or 
bench  is  one  of  the  first  safeguards,  and  in  fact  a  most 
important  preventive  of  fire.  Too  much  care  cannot 
be  taken  in  the  handling  of  oily  waste,  refuse  paper, 
old  clothes  or  any  oil-saturated  inflammable  material. 
They  should  be  deposited  in  metal  vessels,  as  the 
action  of  oil,  especially  linseed  oil,  on  cotton  fabric  is 
very   likely   to    result   in    spontaneous    ignition.      Ex- 


VK\.  3 — WELL  DEFINED  A.Nl)  CLEAN  Al,>LEb  FkoVlllE  SAFETY  TO  THE 
PASSER-BY  AT  ALL  TIMES.  AND  IN  CASE  OF  NECESSITY,  A  READY 
EXIT   AS   WELL   AS   A    DIRECT  PATH    TO  THE   FIRE 

pensive  fires  have  been  started  by  workmen  putting 
their  working  clothes  in  a  cuplioard  or  throwing  them 
down  in  some  isolated  corner,  with  oil-soaked  waste 
in  the  pockets.  Workmen  have  even  started  fires  by 
hanging  their  coats  over  incandescent  lamps. 

Rubbish  of  any  nature  should  not  be  allowed  to 


accumulate  in  any  manufacturing  plant.  Janitor  ser- 
vice is  very  much  cheaper  than  large  premiums  on  in- 
surance. Floor  swepings  should  be  cleaned  up  daily 
and  deposited  in  metal  containers,  or  removed  from 
the  building.  Such  practices  suggest  to  the  shop  man 
that  he  keep  his  machine  or  bench  in  a  clean  condi- 
tion. It  also  creates  a  higher  sanitary  as  well  as  moral 
condition  through  the  shop.  The  dropping  of  lighted 
matches  by  workmen  leaving  the  works  has  resulted 
disastrously.  A  coat  hung  up  in  a  wooden  cupboard 
with  a  lighted  pipe  left  in  the  pocket  has  increased  the 
cost  of  the  employer's  insurance.  Cuspidors  should 
be  of  metal,  as  many  fires  have  originated  from  a 
match  or  lighted  cigar  thrown  in  a  wood  bo.x  filled 
with  sawdust.  Gas  lights  should  have  rigid  fixtures 
where  there  is  danger  of  the  flame  being  swung 
against  inflammable  material.  Furnace  or  heater  flues 
should  never  run  through  wood  floors  or  partitions 
unless  ample  clearance  is  given  around  the  pipes.  No 
volatile  oils  or  explosives  should  be  kept  inside  of  fac- 
tory buildings.  Safety  vapor  cans  should  be  used  in 
transportation  of  benzine,  naptha  and  similar  oils  in- 
side of  buildings.    Soldering  pots  and  furnaces  should 


FIG.   4 — EVEN    WHEN    CROWDED   WITH    MACHINERY   A    CLEAN    FLOOR 
is    AN    EFFECTIVE    PRECAUTION 

have  several  air  spaces  between  the  bottom  of  the 
furnace  and  the  wood  floor.  Rul)ber  hose  sliould 
never  be  used  to  make  any  gas  connection  in  the 
factory. 

Although  electric  wiring,  when  installed  according 
to  the  underwriters'  rules,  is  a  source  of  practically  no 
hazard,  careless  wiring  in  factories  is  occasionally  the 
cause  of  fire.  Wiring  is  often  crowded  into  some 
corner  or  isolated  place  that  cannot  be  used  for  any- 
thing else.  The  result  is  that  the  insulation  is  worn 
ofi^  by  the  vibration  of  the  wire  in  contact  with  some 
part  of  the  building  and  the  result  may  be  a  short- 
circuit.  Lamp  cords  should  never  be  hung  on  pipes, 
nails  or  similar  supports.  Paper  shades  on  incandes- 
cent lamps  have  been  responsible  for  fires.  Temporary 
wiring  is  a  dangerous  practice  around  manufacturing 
plants,  as  it  is  often  overlooked  by  the  wircnicn  and 
left  as  permanent  work. 

There  are  many  opportunities  afforded  the  indi- 
vidual workman  to  safeguard  his  employer's  property, 
as  well  as  his  own  life,  by  thoughtfulness  on  his  part 
in  preventing  conditions  which  would  make  possible 
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the  destruction  of  life  and  property  by  fire.  The  con- 
sistent workman  should  not  permit  a  fire  hazard  to 
exist  around  his  work  any  more  than  he  should  toler- 
ate a  similar  condition  in  his  own  home. 

BUILDING  CONSTRITCTION  AXD  APPARATUS  BEST  ADAPTED 
TO   SAFEGUARD   AGAINST    FIRE 

The    first   precaution   necessary   to   minimize   the 
waste  through  fire  is  the  erecting  of  buildings  of  non- 


Fin.  5 — .\  WFI.L  EQUIPPED  FIRE  FIGHTINT,  WAGON  IN  A  CLEAR 
AND  ACCESSIBLE  LOCATION  IS  A  PRACTICAL  NECESSITY  IN  F.\C- 
TORY    PROTECTION 

combustible  material,  or  what  is  known  as  the  slow- 
burning  construction.  While  buildings  of  this  type 
will  not  insure  absolute  protection  from  fire,  yet  the 
business  man  of  today  will  be  wise  to  take  this  pre- 
caution when  designing  his  factory  buildings.  Insur- 
ance rates  are  much  lower  on  buildings  of  this  type. 
His  .business  interests,  which  probably  have  taken 
many  years  to  build  up,  are  better  protected  and  his 
employees'  lives  are  more  secure.  The  general  public 
does  not  realize  the  great  expense  to  which  large  man- 
ufacturers are  put  to  safeguard  their  plants  from  fire. 
There  are  many  thousands  of  dollars  spent  in  equip- 
ment such  as  hydrants,  water  supply,  sprinkler  sys- 
tems in  the  building,  fire  pumps,  cut-off  walls  and 
curtains,  fire  doors  and  windows,  stair  and  elevator 
enclosures,  watchman  service,  fire  alarm  systems,  hose, 
etc.,  all  of  which  should  receive  daily  inspection.  This 
is  all  capital  investment  that  does  not  produce  divi- 
dends. 

Experiments  on  fire  fighting  materials  and  devices 
are  constantly  being  carried  on  by  underwriter  organi- 
zations and  builders  throughout  the  country.  Build- 
ings may  be  constructed  of  fireproof  material  and  have 
all  the  equipment  to  guard  against  fire  required  by  law 
and  yet  be  classed  as  very  dangerous  fire  hazards.  The 
manufactured  material  and  equipment  may  be  of  such 
an  inflammable  nature  as  to  jeopardize  both  life  and 
property. 

Science  and  invention  have  aided  in  providing 
adequate  and  eft'ective  safeguards  against  fire,  wher- 
ever and  whenever  it  may  start.  These  inventions 
have  developed  the  automatic  sprinkler  system,  which 
is  the  most  effective  device  of  the  present  day.  It  is 
economical,  in  that  it  reduces  the  rates  materially  on 


insurance,  and  it  is  the  only  known  device  giving 
water  protection  automatically.  Water  has  always 
been  the  most  efficient  extinguisher  of  fire,  and  most 
fires  could  be  extinguished  by  one  pail  of  water,  if 
used  at  the  proper  time.  An  automatic  sprinkler 
equipment  is  a  system  of  iron  piping  along  the  ceilings 
or  roofs  of  buildings,  with  sprinkler  heads  located 
about  eight  to  ten  feet  apart.  These  heads  are  made  of 
non-corrosive  metal  and  have  half-inch  orifices  with 
spray  shields  opposite  the  openings.  The  orifice  is 
closed  with  a  self-tightening  valve  or  diaphragm,  which 
overcomes  the  pressure  of  the  water  in  the  pipe.  The 
valves  or  diaphragms  are  held  in  place  by  levers,  vi'hich 
in  turn  are  secured  by  links  fused  together  with  spe- 
cial solder  that  melts  at  temperatures  as  low  as  155 
degrees  F.  Most  sprinkler  heads  are  made  to  fuse 
at  165  degrees.  When  a  fire  starts,  the  heat  naturally 
rises  and  the  hot  gases  coming  in  contact  with  the 
sprinkler  head  cause  the  solder  on  the  link  to  melt, 
thus  automatically  releasing  the  water,  which  strikes 
the  spray  deflector,  throwing  a  shower  of  water  over 
an  area  of  100  square  feet  or  more.  Part  of  the  water 
is  thrown  up  against  the  ceiling  before  falling,  thus 
protecting  the  ceiling  as  well  as  the  floor  area.  This 
protection  is  instantaneous  and  effective  and  is  con- 
fined to  the  fire  zone  only.  The  water  presure  at  the 
sprinkler   head   >liruilil   iic\cr  be   le.ss   than  25   pounds 


FIG.   6 — A   TYPICAL   SAFETY    FIRST    ARRANGEMENT 

This  booth  is  located  in  a  powerhouse  where  the  tele- 
plione,  the  first  aid  directions  and  the  Pyrene  extinguisliers. 
which  are  particularly  effective  with  electrical  fires,  provide 
practical  and  ready  resources  for  emergency  use. 

per  square  inch.  The  efficiency  of  the  system  is  de- 
termined very  largely  by  the  pressure  of  the  water 
supply.  This  system  is  known  as  the  wet  system  and 
is  used  in  buildings  where  there  is  no  danger  of  freez- 
ing. 
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Another  system,  known  as  the  dry  pipe  system,  is 
used  in  places  not  heated  and  where  a  wet  system 
would  freeze  and  thus  defeat  its  purpose.  The  dry 
pipe  system  is  similar  in  all  respects  to  the  wet  system, 
with  the  exception  of  a  dry  valve  which  is  located  in 
the  main  supply  line  where  protection  can  be  had  from 
freezing.     The  piping    between    this    valve    and    the 


FIG.     7 — AN     ADEQUATE    EQUIPMENT    OF     AUTOMATIC     SPRINKLERS 
PROVIDES    INSTANT    PROTECTION     WHEN     AND     WHERE     NEEDED 

In  the  diagram  the  riser  supply  comes  up  at  the  centre 
and  is  distributed  to  the  sprinkler  piping,  the  small  circles 
representing  the  sprinkler  heads.  The  latter  in  a  good  equip- 
ment are  placed  from  eight  to  ten  feet  apart  in  each  direction. 

sprinkler  heads  is  filled  with  air  under  pressure.  The 
dry  valve  holds  the  water  in  check  until  the  air  is 
released  from  the  piping  through  the  opening  of  a 
sprinkler  head,  thus  turning  it  into  a  wet  system. 

Aside  from  the  sprinkler  pipe  protection,  it  is 
necessary  to  provide  numerous  other  equipments  to 
safeguard  from  fire.  These  consist  of  fire  hose,  con- 
veniently located  throughout  the  factory,  fire  hydrants 
in  factory  yards  with  hose  house  equipinent,  fire  alarm 
systems,  water  pails,  watchman  service  and  a  trained 
and  efficient  shop  fire  brigade. 

Chemical  extinguishers,  both  the  hand  type  hold- 
ing frotn  three  to  four  gallons  of  liquid,  and  the  so- 
called  engine  type  on  wheels  with  a  capacity  of  40  to  50 
gallons,  have  proven  a  most  effective  and  convenient 
fire  fighting  equipment,  and  the  supply  should  not  be 
stinted  in  locations  where  fire  could  make  rapid  head- 
way. They  are  inexpensive  and  require  but  little  at- 
tention and  are  quickly  operated.  The  liquid  is  usual- 
ly composed  of  a  mixture  of  sulphuric  acid,  bicarbon- 
ate of  soda  and  water.  These  extinguishers  can  be 
operated  by  one  man,  the  pressure  in  the  tank  being 
sufficient  to  discharge  water  20  to  25  feet. 

The  chemical  engine  on  wheels,  equipped  with  100 
feet  or  more  of  one  inch  hose,  axes,  lanterns,  rope, 
etc.,  together  with  the  liquid  tank,  is  one  of  utmost 
value  in  factory  fire  fighting,  as  it  is  very  compact, 
simple  in  operation,  light  in  construction  and  of  such 
a  size  as  to  be  taken  readily  through  the  aisles,  on 
elevators,  in  yards,  etc.  It  saves  water  damage,  often 
the  greatest  loss,  and  is  well  adatped  to  fighting  fires 
in  confined  places  where  it  is  dangerous  for  firemen 
to  enter.  All  manufacturing  plants  would  do  well  to 
make  the  chemical  engine  a  part  of  their  fire  equip- 
ment. 

There  is  another  type  of  hand-operated  chemical 
extinguisher,  known  as  the  Pyrene  extinguisher,  which 
fills  a  large  and  useful  field  in  factories,  offices,  stores 
and  even  in  residences,  and,  in  fact,  it  would  be  a  most 


efficient  extinguisher  wherever  there  is  any  fire  hazard. 
It  has  proven  to  be  most  effective  for  fires  around 
switchboards,  motors,  generators  and  electrical  appar- 
atus in  general.  Since  the  liquid  is  a  non-conductor 
of  electricity  it  can  be  used  with  perfect  safety  to  the 
operator  on  any  electrical  fire  and  the  liquid  does  not 
injure  or  mar  the  apparatus.  Most  fires  have  very 
small  beginnings,  and  yet,  in  many  cases,  a  disastrous 
fire  has  developed  before  the  ordinary  fire  fighting  ap- 
paratus has  been  gotten  into  action.  It  is  in  its  ac- 
cessibility and  readiness  for  immediate  use  that  the 
Pyrene  extinguisher  is  of  value.  It  is  of  the  syringe 
type,  weighing  about  six  pounds  with  one  quart  of 
liquid,  and  is  very  simple  in  operation.  The  chemical 
is  not  injurious  to  person  or  to  the  finest  fabric ;  it  is 
always  ready  for  operation,  can  throw  the  liquid  15  or 
20  feet  either  in  a  stream  or  in  a  spray,  and  is  most 
efficient  for  burning  oils  or  benzine  on  account  of  its 
smothering  effect. 

It  is  very  essential,  both  in  small  as  well  as  large 
factories,  that  one  person  be  put  in  charge  of  all  fire- 
fighting  apparatus,  whose  duty  it  is  to  see  that  all 
equipment  is  in  the  proper  location  and  in  good  con- 
dition, to  recharge  chemical  extinguishers  and  to  see 
that  all  apparatus  is  returned  to  its  accustomed  place 
after  being  used.  The  efficiency  of  the  fire  brigade  is 
very  much  reduced  if  parts  of  fire  apparatus  are  not 
in  their  proper  locations. 

PROVISION   AGAINST   LOSS  OF  LIFE 

The  fact  that  i  500  human  lives  are  sacrificed  an- 
nually in  our  United  States,  brings  us  to  ask  the  ques- 
tion, must  this  destruction  of  life  continue?  Our  first 
duty  in  case  of  fire  is  to  save  life.  It  has  been  esti- 
mated that  nearly  75  percent  of  the  fire  victims  could 
have  been  saved  if  the  proper  equipment  and  precau- 
tion had  been  taken.     The  responsibility  is  so  widely 


I'lO.  8 — A  WELL-EQUirPEt)  FIRE-FIGHTING  FORCE  OF  EMPLOYEES 
SCATTERED  THROUGHOUT  THE  FACTORY  CONSTITUTE  A  CONTIN- 
UAL PROTECTION,  READY  AT  ALL  TIMES  FOR  INSTANT  .\CTION 
AND  FOR   TAKING   CHARGE   IN    AN   EMERGENCY 

distributed  amongst  owners,  underwriters  and  fire 
commissions  that  it  may  never  be  traced  to  the  proper 
source. 

Exits  from  buildings  naturally  are  the  means  of 
escape  in  case  of  fire.  Therefore,  they  must  be  of 
sufficient  number  and  the  aisle-ways  leading  to  them 
must  be  of  ample  width  and  kept  free  from  all  material 
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or  obstructions.  Material  should  never  be  piled 
against  fire  doors  or  in  front  of  windows  leading  to 
fire  escapes.  Stairway  shafts  should  be  of  fireproof 
construction  and  provided  with  automatically-closing 
sliding  doors  and  no  material  of  any  description  should 
be  stored  on  the  stairways.  It  is  very  necessary  to 
keep  smoke  from  entering  stairways,  as  it  adds  J;o  the 
excitement,  reduces  the  effectiveness  of  the  firemen, 
suffocates  and  obstructs  the  view.  Outside  steel  fire 
escapes  furnish  an  efficient  way  of  leaving  a  building, 
but  as  they  are  used  but  seldom,  the  passage  ways  to 
the  escapes  are  often  obstructed  with  material.  All 
windows  crossed  by  fire  escapes  should  be  of  metal 
construction  with  wired  glass. 


One  of  the  most  important  preventives  to  injury 
and  loss  of  life  in  case  of  fire  is  the  fire  drill.  In  many 
cases  workmen  are  not  aware  of  the  existence  of  fire 
escapes  and  this  is  not  to  be  wondered  at,  as  they 
never  saw  them  used,  and  it  is  not  surprising  that  we 
frequently  read  of  disaster  on  fire  escapes.  This 
danger,  as  well  as  other  serious  difficulties  which  ac- 
company most  fires  where  there  is  a  large  number  of 
employes,  can  be  minimized  very  materially  by  having 
systematic  fire  drills.  This  will  familiarize  the  work- 
men with  all  exits  and  will  instruct  them  as  to  the 
great  importance  of  leaving  the  building  in  good  order 
at  the  sounding  of  the  fire  alarm. 


Calculation  of  the  Performance  of  Car 

Equipments 

S.  B.  Cooper 

General  Engineering  Dept, 

Westinghouse  Electric  &  Mfg.  Company 

MUCH  HAS  BEEN  WRITTEN  on  the  general  subject  of  the  calculation  of  the  performance  of 
eletric  motor  car  equipments.  There  seems,  however,  to  be  a  real  demand  for  a  rather  detailed 
description  of  a  relatively  simple  method  of  procedure,  sufficiently  accurate  for  practical  engineer- 
ing purposes,  but  not  made  unwieldy  by  the  introduction  of  unnecessary  refinements  of  method.  It 
is  to  meet  this  demand  that  this  article  is  presented. — (Ed.) 

THE   characteristics   and   capacity   required   in   a  is  more  or  less  arbitrary  and  empirical ;  in  the  absence 

motor  equipment  to  perform  a  given  service  of  exact  data,  each  slowdown  where  brakes  are  .;p- 

are  dependent  upon  six  essential  items : —  plied  may  be  considered  as  equivalent  to  one-half  a 

I — Schedule  speed  required.  stop.     The  number  of  "equivalent  stops"  is  then  ob- 

3-Num^er  and"  dist'r'ibutlon  of  stops.  t^^n^d  by  adding  one-half  of  the  number  of  slowdowns 

4 — Average  length  of  stops.  to  the  actual  Stops. 

€^Gr°ade^and  curve  conditions.  On  any  given   line  it  is  very  unusual  to   find  the 

There  are  other  factors,  such  as  train  resistance,  *^ops  evenly  distributed.  On  city  lines  there  is  usually 
accelerating  and  braking  rates,  etc.,  but  they  are  not  ^  "^ore  or  less  well  defined  congested  section  where 
listed  for  the  reason  that  they  are  inore  or  less  closely  stops  are  made  for  passengers  at  every  street  inter- 
confined  within  certain  limits  by  practical  considera-  section,  and  there  are  additional  stops  due  to  traffic 
jiQ,-,c;  interference,   switching  cars,   etc.     After  leaving  this 

The  schedule  speed  is  the  speed  over  the  entire  section,  stops  are  less  frequent  and  speeds  are  higher, 

line,  based  on  the  total  time  from  leaving  one  terminal  O"  interurban  lines  there  is  usually  a  certain  amount 

to  arrival  at  the  other.     It  should  not  be  confused  with  o^  ^ity  rumiing  at  low  speed,  often  due  to  following 

average  speed,  which  is  based  on  actual  moving  time  '-"'^y  '^^'"s  ^  occasionally  the  same  road  runs  part  of  the 

only  (excluding  stops  and  layovers).  distance  on  a  public  highway  where  the  speed  is  limited 

The  weight  should  be  taken  as  the  weight  of  the  by  ordinance,  and  the  remainder  on  private  right  of 

car  complete  with  all  equipment  and  the  average  all-  way. 

day  passenger  load.    In  absence  of  more  detailed  data,  Wherever   the    frequency   of    stops   is    materially 

the  average  load  may  be  assumed  as  75  percent  of  the  different  the  stops  and  running  time  should  be  segre- 

seating  capacity.  gated,  and  separate  typical  runs  worked  up  for  each 

The  average  length  of  run  is  obtained  by  dividing  section. 
the  total  mileage  by   the  total  number  of   equivalent  j^g    number   of    stops   per   mile    varies   between 

stops.     The  term  "equivalent  stops"  is  used  to  cover  ^^.-^^  jj^j^^   ^^^  ^^^  ^^^-^^^  ^j^^^^^  ^^   ^^^^-^^      ^,^^ 

slowdowns  in  addition  to  the  actual  service  stops.     It  ,-  ,,      .               l    ^  1             ■    j-     .^-       ^1                 1 

.^    ,     ,      ,                    ,.    ,            ,         ,  toUowing  mav  be  taken  as  indicating  the  general  range 

IS  apparent  that  if  the  brakes  are  applied  to  reduce  the  ^       , 

,      ,    ,                  ,                       ,  .                         r       •  O'   values: — 

speed  of  the  car,  when  approaching  a  curve  for  in-  .            . 

,,,,.,  J  City  service — congested   section    8  to     15 

stance,  work  must  be  done  to  bring  the  car  up  to  speed  city  service— non-congested  section  ...       5  to    10 

again.   As  it  is  necessary  to  allow  for  this  extra  energy  Suburban  trolley   service 3  to      5 

-             ...         .....              ■  Suburban  service    on    electrified    steam 

a  convenient  means  of  providing  for  it  is  to  increase  y^^^^                                                       0.2  to      2 

the  assumed  number  of  stops.     Needless  to  say,  any  Elevated  service    3  to     .s 

„  ^   u        J  ii  jr  ji.'  Interurban    local    2  to     1/3 

allowance  not  based  on  actual  records  of  speed,  etc.,  Interurban  limited  1/3  to    1/20 
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The  average  length  of  stop  is  obtained  by  divid- 
ing the  sum  of  all  standing  time,  except  layover  time, 
by  the  number  of  equivalent  stops.  For  city  and 
suburban  service  this  will  average  from  five  to  ten 
seconds;  for  elevated  or  subway  service,  from  lo  to 
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FIG.    I — CURVES    OK    TRAIN    RKSISTANCF.    FOR    SINGLE    CARS    FOR 
DIFFERENT    CAR    WEIGHTS 

40  seconds,  and  for  interurban  ser\ice  from  7.5  sec- 
onds to  several  minutes. 

The  voltage  should  be  the  average  at  the  car 
while  drawing  power;  it  can  be  determined  accurately 
by  tests  with  graphic  meters  or  indicating  meters  read 
at  short  intervals,  in  any  case  noting  where  power  is 
on  and  off,  so  that  the  average  may  be  obtained  over 
the  time  the  car  is  drawing  power  only. 

Grade  conditions  are  of  particular  consequence  in 
suburban  and  interurban  work  where  the  speeds  are 
high  and  the  runs  long.  In  city  work  grades  are  not 
of  quite  the  same  importance,  as  grade  and  train  re- 
sistance forms  a  relatively  smaller  proportion  of  the 
average  total  tractive  effort.  Over  an  ordinary  rolling 
profile,  with  the  elevations  at  the  two  termini  not 
very  different,  the  equivalent  grade  to  be  allowed  for 
in  the  typical  run  may  be  obtained  by  dividing  the  sum 
of  all  the  rises  in  the  round  trip  in  feet,  by  twice  the 
length  of  a  round  trip  in  feet.  This  assumes  that  one- 
half  of  the  potential  energy  in  a  car  by  reason  of  its 
position  at  the  tops  of  hills,  will  be  available  as  kinetic 
energy  to  assist  it  up  the  following  rises  or  on  level 
and  that  the  other  half  is  wasted  in  the  brake  shoes  in 
coming  to  stops  or  slowdowns.  In  city  work,  prob- 
ably more  than  half  of  this  energy  will  be  wasted  in 
braking;  in  high  speed  limited  interurban  service  on 
private  right  of  way,  probably  less.  In  cases  where 
there  is  a  well  defined  general  rise  in  one  direction,  it 
is  better  to  work  up  typical  runs  for  both  the  up  and 
down  trips.  The  average  grade  in  these  cases  is  de- 
termined by  dividing  the  sum  of  the  rises  less  half  the 
sum  of  the  drops  on  the  up  trip  by  the  length  of  the 
up  trip. 

Train  resistance  depends  on  so  many  variables, 
and  is  so  difficult  to  determine  without  elaborate  tests, 


that  it  is  best  to  assume  average  conditions.  It  has 
been  found  that  a  number  of  empirical  formulae  give 
values  that  check  test  results  fairly  closely,  and  the 
curves  shown  in  Fig.  i  are  based  on  one  of  these 
formuIcX. 

Accelerating  and  braking  rates  depend  on  the 
personal  equation  of  the  motorman,  the  amount  of 
leeway  in  the  schedule,  to  a  certain  extent  upon  the 
characteristics  of  the  equipment,  and  on  whether  the 
cars  are  equipped  with  some  coasting  clock  device. 
In  city  service  the  accelerating  and  braking  rates  are 
between  1.25  and  1.5  miles  per  hour  per  second  in 
most  cases.  In  exceptional  cases  the  rates  may  be 
1.75  or  higher.  Rates  of  1.75  or  higher  are  entirely 
practicable  and  reasonable,  and  are  not  more  gen- 
erally found  only  because  many  operators  do  not  yet 
appreciate  the  advantage.  In  interurban  service  the 
rate  is  usually  in  the  neighborhood  of  one  mile  per 
hour  per  second,  while  in  subway  and  elevated  work 
it  may  be  as  high  as  1.8  or  2.0. 

Perhaps  the  simplest  way  to  show  the  steps  in 
the  calculation  of  a  speed-time  curve  is  to  follow 
through  a  typical  case. 

Assume  a  car  weighing  complete  with  equip- 
ment and  average  load  25  tons,  operating  in  city  serv- 
ice, with  eight  equivalent  stops  per  mile,  a  schedule 
speed  of  nine  miles  per  hour,  and  an  average  length 
of  stop  of  ten  seconds ;  further  assume  the  avernge 
voltage  at  the  car  while  drawing  power  to  be  500,  and 
the  route  practically  level.  A  typical  motor  equip- 
ment for  these  conditions  may  be  taken  as  a  double 
equipment  of  50-60  horse-power  motors  with  the  maxi- 
mum gear  reduction.  The  performance  of  such  a  motor 
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FIG.    2— CHARACTERISTIC    CURVES    OF    A    RAILWAY    MOTOR 

is  shown  in  Fig.  2.  Now,  the  force  necessary  to  ac- 
celerate a  given  body  is  proportional  to  the  product  of 
the  mass  and  the  rate  of  acceleration.  In  the  English 
system  of  units,  f  =  W  -^  32.2  X  A,  where  IV  = 
weight  in  pounds,  and  A  =  acceleration  in  feet  per 
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second  per  second.  For  a  weight  of  one  ton  (2000 
lbs.)  and  an  acceleration  of  one  mile  per  hour  per 
second. 

f  _  2000  y  5280      ...  , 

This  is  for  translation  only ;  a  certain  amount  of  addi- 
tional force  is  necessary  to  bring  the  rotating  masses 
(wheels,  a.xles,  gears  and  armatures)  up  to  speed.  The 
increase  amounts  to  from  five  to  15  percent  roughly, 
depending  on  the  particular  equipment.  It  is  very  con- 
venient to  allow  about  9.9  percent  for  this  rotational 
effect,  making  the  figure  100  pounds  tractive  effort  per 
ton  for  an  acceleration  of  one  mile  per  hour  per 
second. 

For  the  typical  case,  assume  accelerating  and 
braking  rates  of  1.5  miles  per  hour  per  second.  There- 
fore 1.5  X  100  or  150  lbs.  accelerating  force  per  ton 
will  be  needed,  or  as  the  car  weighs  25  tons  and  is 
equipped  with  two  motors,  (25  -f-  2)  150  or  1875  lbs. 
accelerating  or  net  tractive  effort  will  be  required  per 
motor. 

Now  it  is  necessarv  to  supply  not  only  a  force  to 
accelerate  the  car,  but  in  addition  a  force  to  overcome 
train  resistance.  The  train  resistance  at  the  instant  of 
starting  is  high — consisting  as  it  does  of  the  static 
friction  only.  It  drops  oft"  very  rapidly,  however,  to 
a  lower  value  at  a  speed  of  one  or  two  miles  per  hour, 
after  which  it  rises  gradually.  While  it  is  perfectly 
possible  to  take  into  account  the  varying  train  re- 
sistance during  acceleration  on  resistance  or  straight 
line  acceleration,  the  labor  involved  in  such  a  calcula- 
tion is  considerable,  and  is  hardly  warranted  by  the 
additional  accuracy.  It  is  usual  to  assume  that  the 
train  resistance  during  straight  line  acceleration  is 
constant  at  the  value  corresponding  to  the  speed  at 
the  end  of  this  period.  This  speed  can  be  found  by 
two  or  three  trials,  as  follows: — Referring  to  the 
motor  curve.  Fig.  2,  and  the  train  resistance  curve. 
Fig.  I,  assume  for  the  moment  that  the  speed  at  the 
end  of  straight  line  acceleration  is  11  miles  per  hour. 
From  the  train  resistance  curve,  the  resistance  of  a  25- 
ton  car  at  II  miles  per  hour  is  9.1  lbs.  per  ton,  or  for 
this  case  9.1  X  12.5  or  114  lbs.  per  motor.  Therefore, 
the  total  tractive  efTort  during  acceleration  on  resist- 
ance will  be  1875  -|-  114  or  1989  lbs.  per  motor.  But 
from  the  motor  curve,  a  tractive  effort  of  1989  lbs. 
corresponds  to  a  speed  of  11.4  miles  per  hour.  Now 
at  this  speed  the  resistance  is  9.25  lbs.  per  ton,  or  ti6 
lbs.  The  total  accelerating  tractive  effort  then  is  1875 
+  116  or  1991  lbs.,  which  is  as  close  as  the  curves  can 
\)t  read.  As  the  car  is  accelerating  from  rest  to  it. 4 
miles  per  hour  at  a  rate  of  1.5  miles  per  hour  per 
second,  it  will  take  11.4-^  1.5  or  7.6  seconds  to  reach 
this  speed.  This  gives  one  point  on  the  speed  time 
curve. 

Take  some  higher  speed  value,  say  12.5  miles  per 
liour.  From  the  motor  curve,  at  this  speed  the  trac- 
tive effort  developed  is  1450  lbs.  From  the  train  re- 
sistance curve,  the  resistance  is  9.6  lbs.  per  ton,  or  120 


lbs.  per  motor.  Therefore  the  accelerating  or  net 
tractive  eft'ort  is  1450 — 120  or  1330  lbs.  per  motor. 
The  net  tractive  eft'ort  per  ton  is  1330-^12.5 
or  106.4,  and  as  100  lbs.  per  ton  gives  an  acceleration 
of  one  mile  per  hour  per  second,  106.4  lbs.  per  ton 
would  correspond  to  1.064  miles  per  hour  per  second. 
The  average  rate  of  acceleration  between  any  two 
speeds  may  be  taken  as  the  numerical  average  of  the 
instantaneous  accelerations  at  these  speeds  as  long  as 
the  speed  increment  is  small,  thus  the  average  rate  from 
II. 4  to  12.5  miles  per  hour  is  (i-5+  1.064)  -^  2  or 
1.282  miles  per  hour  per  second.  To  accelerate 
from  1 1.4  to  12.5  miles  per  hour  at  an  average 
rate  of  1.282  miles  per  hour  per  second  takes  (12.5 — 
1 1. 4) -^  1.282  or  0.86  seconds.  The  car,  therefore, 
reaches  a  speed  of  12.5  miles  per  hour  in  7.6 -|- 0.86 
or  8.46  seconds  after  starting  from  rest.  This  gives 
the  second  point  on  the  speed-time  curve. 

This  process  is  repeated  until  a  speed  is  reached 
where  the  tractive  effort  available  is  just  equal  to  the 
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1991 

116 

1875 

1.5 

7.60 
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11.4 
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116 

1875 
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10.16 
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1:34 
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0.433 

5.57 
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S.42 

19.26 
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0.190.5 

13.30 
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22.0 

300 

162 

138 

0.1103 

24.40 

40.98 

24.0 
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67 

0.0536 

25.5 

65.38 

25.0 

210 

179 

31 

0.0248 

53.2 

90.88 

26.0 

200 

184 

16 

0.0128 

156.3 

144.08 

27.0 

190 

190 

0 

.0 

300.38 

train  resistance,  leaving  nothing  for  the  net  or  ac- 
celerating tractive  effort.  This  is  the  balancing  or  free 
running  speed.  The  balancing  speed  is  found  by  suc- 
cessive appro.ximations ;  in  the  present  case,  assume 
first  that  the  car  will  balance  at  30  miles  per  hour.  .\t 
this  speed  the  tractive  effort  is  about  140  lbs.  per 
motor,  while  the  train  resistance  is  16.6  lbs.  per  ton 
or  208  lbs.  per  motor ;  obviously  the  first  figure  is  loo 
high  ,as  the  tractive  effort  is  not  enough  to  overcome 
train  resistance.  At  25  miles  per  hour  the  tractive 
effort  is  210  lbs.,  the  train  resistance  is  14.3  lbs.  per 
ton  or  179  lbs.  per  motor.  This  is  too  low,  as  there 
is  more  than  enough  tractive  effort  to  overcome  train 
resistance,  and  the  excess  would  accelerate  the  car  to 
some  higher  speed.  By  successive  trials  we  find  that 
at  27  miles  per  hour  both  the  tractive  effort  and  the 
train  resistance  are  approximately  190  lbs.  per  motor. 
After  determining  the  speed  at  striking  the  motor 
cur\e  and  the  balancing  speed,  the  series  of  assumed 
speed  values  may  be  chosen  :  there  should  be  enough  of 
them  to  give  points  on  the  speed-time  curve  sufficiently 
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close  together  to  enable  a  smooth  curve  to  be  drawn. 
For  convenience,  as  shown  below,  they  should  as  far 
as  possible  be  at  some  constant  interval,  say  2,  2.5  or  5 
miles  per  hour.  The  numerical  work  may  be  con- 
veniently arranged  in  tabular  form  as  shown  in 
Table  I. 

Column  /  shows  the  series  of  speed  values.  Col- 
umns 2  and  5  give  the  corresponding  tractive  efforts 
and  train  resistances  per  motor,  as  found  from  the 
motor  and  train  resistance  curves.  Column  4  shows 
the  net  or  accelerating  tractive  effort,  (TE  —  TR) 
and  Column  5  the  rate  of  acceleration  in  miles  per 
hour  per  second — net  tractive  effort  divided  by  one 
hundred  times  the  tons  per  motor ;  Column  6  shows 
the  values  of  the  time  increment  in  seconds,  obtained 
by  dividing  the  speed  increment  by  the  average  rate 
of  acceleration.  The  work  may  be  simplified  by  di- 
viding twice  the  speed  increment  by  the  sum  of  the 


FIG.   3— R.MLWAY   EQUIPMENT   PERFORMANCE   CURVES 

instantaneous  accelerations,  instead  of  the  speed  in- 
crement by  half  the  sum  (the  average)  of  the  accelera- 


tions.    For  example,  0.-699  +  0.^33  =0.1 


2(16  —  141 
699  +  0.433- 


Column 


7  shows  the  total  time  in  seconds,  from  rest  up  to  the 
speed  in  question. 

The  results  are  plotted  in  Fig.  3.  To  the  scales 
of  the  original  drawing  ( i  in.  =  10  sees.,  i  in.  =  5 
m.p.h.)  one  square  inch  represents  the  distance  cov- 
ered in  traveling  at  5  miles  per  hour  for    >^    hour, 

or  (5  X  10) -^3  600  or  1/72  mile.  An  area  of  72 
square  inches  then  represents  one  mile.  For  the  pres- 
ent example,  a  1/8  mile  run  will  require  an  area  under 
the  speed  curve  of  nine  square  inches.  Since  a  sched- 
ule speed  of  nine  ruiles  per  hour  was  assumed,  a  run 
of  1/8  mile  would  therefore  take  (1/8 -=-9)  3600 
(seconds  per  hour)  or  50  seconds  total;  subtracting 
the  lo-second  stop  gives  40  seconds  as  net  moving 
time.     This  fixes  the  point  at  which  the  car  comes  to 


rest  (E).  The  braking  line  EF  can  then  be  drawn  in 
at  a  slope  of  1.5  miles  per  hour  per  second.  By  the 
use  of  a  planimeter,  the  area  ABFE  is  found  to  be 
9.97  sq.  in.,  showing  that  the  equipment  chosen  has  a 
sufficiently  high-speed  characteristic  to  allow  some 
coasting. 

The  coasting  line  must  now  be  put  in  at  the 
proper  slope  and  so  located  as  to  enclose  an  area  of 
nine  square  inches.  The  slope  is  determined  by  the 
forces  tending  to  slow  the  car  down  after  the  power 
is  shut  off ;  that  is,  the  train  resistance,  gear  losses 
and  motor  friction  and  windage.  Theoretically,  the 
coasting  line  would  be  curved,  as  the  retarding  forces 
decrease  as  the  car  slows  down ;  practically,  no  great 
error  is  involved,  and  considerable  work  is  saved  by 
assuming  the  retarding  force  constant  and  equal  to 
the  train  resistance  at  the  speed  at  which  power  is  cut 
off.  The  neglect  of  the  motor  friction  and  windage 
is  at  least  partly  offset  by  the  neglect  of  the  decreased 
train  resistance  as  the  speed  comes  down. 

Assume  first  that  the  power  is  shut  off  at  17.5 
miles  per  hour.  The  train  resistance  here  is  11.3  lbs. 
per  ton,  which  corresponds  to  a  retardation   rate  of 

TABLE  11 
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Sec. 

Amps. 

(Amps.)! 

Kw 

Iron  Loss 
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0 

0 

0 

109 

11881 

54.5 

11.4 

7.6 

109 

11881 

109 

597 

12.5 

8.46 

85 

7225 

85 

553 

U 

10.16 

65 

4225 

65 

507 

16 

13.69 

51 

2601 

51 

468 

18 

19.26 

42 

1764 

42 

432 

20 

27.68 

36 

1296 

36 

404 

22 

40.98 

31 

961 

31 

372 

24 

65.38 

27 

729 

27 

340 

25 

90.88 

26 

676 

26 

330 

26 

144.08 

25 

625 

25 

JIS 

27 

300.38 

23 

529 

23 

290 

O.I  13  miles  per  hour  per  second.  Putting  in  a  coast- 
ing line  at  this  slope  and  checking  the  area,  a  value  of 
9.55  square  inches  is  found,  showing  that  too  high  a 
cut-off  speed  was  assumed.  By  successive  trials  it  is 
found  that,  if  the  power  is  cut  off  at  16.0  miles  per 
hour,  the  area  enclosed  is  just  nine  square  inches. 
For  small  changes  in  the  cut-off  point,  it  is  unneces- 
sary to  refigure  the  slope  of  the  coasting  line,  as  it 
changes  very  little  for  small  changes  in  cut-off  speed. 
This  completes  the  work  as  far  as  making  the 
run  at  the  required  schedule  speed,  etc..  is  concerned, 
but  tells  nothing  about  the  ability  of  the  motor  to  per- 
form the  work  from  the  standpoint  of  heating,  or 
about  the  power  consumption.  Columns  may  easily 
be  added  to  Table  I  for  amperes  per  motor,  (am- 
peres)* per  motor  and  kilowatts  per  car  as  shown  in 
Table  II,  and  these  curves  may  be  plotted  as  shown  in 
Fig.  3.  The  amperes  are  read  directly  from  the 
motor  curve  for  the  corresponding  speed  value.  (Am- 
peres)* follow  directly.  Kilowatts  per  car  (motors  in 
parallel)  for  a  two-motor  equipment,  average  voltage 
500,  are  obviously  (2  X  amp.  X  500)  -H  1000.  In 
series  the  kilowatts  per  car  v^'ill  be  one-half  of  this 
value,  as  the  trolley  current  is  then  equal  to  the  motor 
current.    The  time  in  series  varies  from  42  to  48  per- 
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cent  of  the  total  time  of  straight  line  acceleration — as 
an  average  value  use  45  percent,  or  for  the  present 
case  0.45  X  7-6,  or  3.4  seconds.  The  areas  under  the 
kw  and  (amperes)'  curves  are  now  measured  by 
planimeter,  and  found  to  be  5.25  and  5.95  square 
inches,  respectively.  The  original  scales  (the  figure  is 
much  reduced)  were  one  inch=20  kw,  and  one  inch= 
10  seconds  so  that  one  square  inch  under  the  kilowatt 
curve  represents  (20  X  10)  -^  3600  =  y&  kw-hour. 
Therefore,  the  total  car  input  for  a  1/8  mile  run  is 
5.25  X  1/18  =  0.2915  kw-hour,  and  the  kw-hr.  per 
car-mile  0.2915 -f- 0.125  =  2.33.  The  watt-hours  per 
ton-mile  =  (2.33  X  1000)  -f-  25  =93.2. 

Under  the  (amperes)'  curve,  one  inch  equals 
2000  (amperes)'  so  one  square  inch  represents  2000 
X  10  or  20000  (ampere)'  seconds;  the  total  (am- 
pere)' seconds  for  the  run  are  therefore  5.95  X  20000 
=119000  and  the  average  (ampere)'  (averaged  over 
the  total  time  including  stop)  is  119000-^50=2380. 
The  root-mean-square  current  is  therefore  y/2  380  = 
48.8.     The  particular  motor   in   question   has    a  con- 
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FIG.    4 — IRON    LOSS    CURVES    FOR   A   RAILWAY    MOTOR   OVER   THE   OR- 
DINARY   RANGES    OF   VOLTAGE    AND    CURRENT 

tinuous  capacity  of  50  amperes  at  300  volts  with  full 
ventilation.* 

Although  it  is  seldom  necessary  to  work  out  the 
iron  loss  curve  to  determine  the  equivalent  voltage,  it 
is  worked  out  here  to  show  the  method.  Fig.  4  shows 
the  iron  loss  curves  of  the  motor  in  question.  During 
straight  line  acceleration  the  current  through  the 
motors  is  assumed  constant;  actually,  of  course,  it 
varies  somewhat,  as  it  would  be  necessary  to  have  an 
infiinite  number  of  notches  on  the  controller  to  main- 
tain constant  current.  The  voltage  across  each  motor 
at  the  instant  of  starting  is  practically  the  resistance 
drop  in  the  motor.  It  varies  from  this  up  to  full  lino 
voltage  at  the  last  notch  in  multiple,  and  for  purposes 
of  calculation  it  may  be  assumed  that  the  variation  is 
at  a  constant  rate. 

Another  column  may  be  added  to  Table  II  for 
iron  loss.    At  109  amperes  and  500  volts,  the  iron  loss 


*See  "The  Capacity  and  Rating-  of  Railway  Motors," 
by  Mr.  N.  W.  Storer,  in  the  Journal,  Vol.  5,  p.  393. 


from  Fig.  4  is  597  watts ;  at  85  amperes,  553  watts,  etc. 
This  gives  us  a  series  of  points  which  determine  the 
curve  of  iron  loss,  shown  in  Fig.  3,  from  7.6  seconds 
on,  or  during  the  time  the  motor  is  running  on  full 
line  voltage.  We  still  have  to  determine  that  part  of 
the  curve  during  the  time  the  motor  is  running  at 
partial  voltage. 

At  the  instant  of  starting,  the  voltage  on  the 
motor  for  this  case  is  about  57  volts.  At  "second  7.6" 
the  motor  voltage  is  500  volts.  On  the  assumption  that 
the  increase  is  at  a  uniform  rate,  these  two  points  may 
be  plotted  to  scale,  and  joined  with  a  straight  line. 
At  the  instant  of  starting  the  iron  loss  is  zero,  since 
the  speed  is  zero.  The  line  of  motor  voltage  crosses 
100  volts  at  "second  0.7."  From  the  iron  loss  curve 
at  100  volts  and  109  amperes,  the  iron  loss  is  seen  to 
be  28  watts.  The  voltage  reached  200  at  "second  2.5" ; 
from  the  iron  loss  curve,  at  200  volts  and  109  amperes 
the  loss  is  100  watts.  In  this  way  the  curve  is  com- 
pleted. 

The  area  under  this  iron  loss  curve  is  4.79  square 
inches.  In  the  original  figure  one  inch  equaled  100 
watts,  and  one  inch  equaled  10  seconds.  Therefore 
one  square  inch  equals  1000  watt-seconds.  Then  the 
total  iron  loss  per  run  is  4.79  X  1000  =  4790  watt- 
seconds,  and  the  average  loss  in  watts  is  4790  -^  50  or 
96  watts. 

From  the  iron  loss  curve.  Fig.  4,  a  loss  of  96 
watts  at  a  current  of  48.8  amperes  (r.m.s.),  corre- 
sponds to  a  voltage  of  240  volts.  That  is,  if  a  voltage 
of  240  were  impressed  on  the  motor,  and  the  load  ad- 
justed so  that  the  current  drawn  would  be  48.8  am- 
peres, the  losses  (iron  and  copper)  would  be  the  same 
as  the  average  losses  during  the  above  run  and,  there- 
fore, would  produce,  under  the  same  ventilation  con- 
ditions, the  same  temperature  rise.  Since  the  motor 
used  for  these  calculations  has  a  continuous  capacity 
of  50  amperes  at  300  volts  and  the  calculations  show 
that  the  service  may  be  performed  by  a  motor  having 
a  capacity  of  48.8  amperes  at  240  volts,  evidently  !:he 
trial  motor  is  large  enough.  A  study  of  the  capacity 
of  the  next  smaller  commercial  size  will  determine 
whether  a  smaller  motor  may  be  used. 

Within  the  last  few  years,  field  control  has  been 
developed  and  made  practical.  For  certain  classes  of 
service,  and  properly  applied,  field  control  equipments 
will  show  a  very  considerable  saving  in  power  over 
straight  resistance  control.  The  field  of  each  motor 
is  wound  in  two  parts.  During  acceleration  on  re- 
sistance, both  sections  are  used  in  series ;  this  gives  the 
motor  a  comparatively  slow-speed,  high  tractive  effort 
characteristic.  After  the  resistance  is  all  cut  out,  and 
the  motor  is  on  full  voltage,  the  connections  are 
changed  so  that  only  the  larger  field  section  remains  in 
circuit.  This  reduces  the  field  ampere-turns,  and  there- 
fore the  magnetic  flux,  and  gives  the  motor  entirely  dif- 
ferent speed  characteristics.  Fig.  5  shows  the  perform- 
ance of  such  a  motor. 
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The  calculation  work  in  tlie  application  of  ficM 
control  motors  is  practically  the  same  as  for  other 
series  motors.  Ordinarily  a  constant  rate  of  accelera- 
tion is  assumed,  and  constant  accelerating  tractive 
effort;  this  assumption  may  be  made  for  field  control 
motors  also.     Oscillograph  records  of  current  during 
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KIG.    5 — CH.\RACTERISTIC    CURVES    OF    A    FIELD-CONTROL    MOTOR 

the  acceleration  of  field  control  motors  have  shown 
that  the  current  peak  in  passing  from  full  field  to 
short  field  is  in  every  way  similar  to  the  peaks  ordi- 
narily obtained  in  going  from  one  resistance  notch  to 
another.     The  calculations  may,  therefore,  be  made  on 


Fin.    6 — EQUIPMENT    PERFORMANCE    CURVES    WITH 
FIELD    CONTROL    MOTORS 

the   assumption    that   the   change   from    full    to   short 
field  will  be  made  at  constant  tractive  effort. 

As  an  example,  suppose  the  motor  whose  per- 
formance is  shown  in  Fig.  5  is  applied  to  the  same 
car  and  service  described  iireviously ;  i.  e.,  a  two- 
iiintiir  equipment  on  a  car  weighing  25  tons  complete 


with  equipment  and  average  load,  in  city  service  mak- 
ing eight  lO-second  stops  per  mile  with  a  schedule 
speed  of  nine  miles  per  hour.  By  successive  trials,  it 
is  found  that,  with  an  accelerating  rate  of  1.5  miles  per 
hour  per  second,  the  short  field  motor  curve  is  crossed 
at  10.5  miles  per  hour — the  accelerating  tractive  effort 
being  1987  pounds  per  motor,  and  the  current  104  am- 
peres. This  same  tractive  effort  is  obtained  with  the 
full  field  connection  at  a  current  of  83  amperes,  and 
the  corresponding  speed  at  full  voltage  is  8.25  miles 
per  hour.  Assuming,  as  before,  that  the  speed,  and 
therefore  the  time,  in  series  is  45  percent  of  the  total 
time  of  straight  line  acceleration,  the  series  full-field 
position  will  be  reached  in  45  percent  of  5.5  or  2.48 
seconds,  and  series  short-field  position  in  3.15  seconds. 
The  current  may  be  assumed  as  constant  at  83  am- 
peres, during  the  time  the  resistance  is  being  cut  out, 
until  the  series  full-field  position  is  reached;  at  this 
point  the  short  field  connection  is  established,  and  the 
current  increases  to  104  amperes.  The  change  is  not 
instantaneous ;  the  current  jirobably  builds  up   along 
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some  logarithmic  curve,  but  for  purposes  of  calcula- 
tion the  rate  of  increase  may  be  assumed  as  constant. 
After  reaching  the  series  normal  field  connection,  the 
ne.xt  step  is  parallel,  full  field,  with  resistance.  The 
current  is  again  assumed  constant  at  83  amperes  uniil 
parallel  full  field  is  reached,  when  the  current  again 
increases  to  104  amperes  on  short  field.  From  this 
point  on  the  work  is  exactly  as  previously  outlined. 
The  data  is  shown  in  Table  III,  and  the  curves  shown 
in  Fig.  6.  The  root  mean  square  current  for  the 
run  is  41.3  amperes,  and  the  power  consumption  84.7 
watt-hours  per  ton-mile,  approximately  90.9  percent 
of  the  power  consumption  with  the  corresponding  non- 
field  control  equipment.  The  simple  method  above  de- 
scribed, while  not  laying  claim  to  a  great  degree  of 
accuracy,  enables  one  to  calculate  quickly  the  com- 
plete performance  (speed,  heating  and  power  con- 
sumption) of  any  car  equipmenfand  is  sufficiently  ac- 
curate for  all  practical  purposes. 
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THE  DE\-ELOPMENT  OF  THE  DIRECT-  CURRENT  GENERATOR  IN  AMERICA 

B.  G.  Lamme 

Chief  Engineer, 

Westinghouse  Electric  &  Mfg.  Company 

Foreifurd — This  history  is  not  merely  a  collection  of  facts  or  near  facts  drawn  up  from  old  records  cr 
from  second-hand  reports,  but  is  an  original  story  prepared  liy  one  who  has  been  in  the  thick  of  the  battle 
almost  from  the  early  skirmishes,  some  twenty-five  years  ago.  It  was  written  almost  entirely  from 
memory,  there  being  no  available  records  or  data  concerning  some  of  the  most  interesting  points, 
while  many  of  the  little  incidents  or  side-lights  are  f  rom  the  author's  own  experience.  This,  therefore, 
might  be  called  a  reminiscence,  as  well  as  a  history.  Being  written  almost  entirely  from  personal  ob- 
servation and  experience,  obviously  it  cannot  be  considered  as  a  complete  history  of  direct-current 
generator  and  motor  development,  \mX  probably  no  other  individual  in  the  country  could  write  as  com- 
plete an  account  of  the  development,  from  his  own  observation  and  contact  with  the  work  itself.  This 
subject,  broadly  considered,  covers  all  kinds  of  direct-current  rotating  machines,  such  as  constant-current 
arc  lighting  generators,  unipolar  generators,  etc.  However,  as  the  development  of  the  railway  motor  is  to 
appear  in  a  separate  article,  and  as  the  constant-current  generator  has  now  become  commercially  obsolete, 
or  practically  so,  the  scope  of  the  following  article  is  limited  to  the  development  of  the  constant-potential 
generators  and  motors.      (Editor.) 

THE  history  of  the  direct-current  machine  goes  tions,  the  manufacturer  naturally  favored  it.  In  the 
so  far  back  that  it  is  not  within  the  scope  of  direct-current  machine,  as  in  other  types  of  electrical 
this  paper  to  cover  the  earliest  developments,  apparatus,  the  real  development  and  eventually  the 
Many  of  the  earliest  machines  were  of  the  constant  standardization  of  general  types  was  a  result  of  the 
current  type  for  series  arc  lighting.  These  "arc"  ma-  development  of  the  calculating  engineer  as  distin- 
chines  were  of  a  great  variety  of  designs  and  types,  guished  from  the  experimental  and  the  "cut-and-try" 
practically  none  of  which  have  survived  in  the  later      designer. 

constant  potential  machines.     Doubtless  the  peculiar  From  the  present  viewpoint,  some  very  absurd 

types  which  appeared  in  the  constant  current  arc  ma-  constructions  appeared  in  the  early  machines.  There 
chines  impressed  themselves  upon  the  early  constant  were  some  very  ponderous  arguments  put  forward  for 
potential  generators,  for  these  latter  were  about  as  and  against  such  construction^both  sides  usually  being 
numerous  in  type  and  construction  as  the  arc  ma-  wrong  according  to  our  present  ideas.  For  exainple,  the 
chines.    One  of  the  characteristic  features  in  the  early      early  Edison  bipolar  field  construction  used  two  or 

more  magnet  cores  attached  to  each  pole  piece,  each 
core  carrying  a  field  winding.  Other  manufacturers 
pointed  out  the  absurdity  of  such  field  construction, 
but  as  a  rule,  they  did  not  recognize  that  they  were 
using,  in  many  cases,  similarly  absurd  magnetic  condi- 
tions. Two  magnet  cores  per  pole  piece,  or  per  pole, 
were  found  in  the  "Weston"  type,  as  shown  in  Fig. 
i-b,  and  in  the  "Brush"  or  later  "Short"  type;  and 
each  magnet  limb  carried  its  own  exciting  coil,  just 
as  in  the  early  Edison  machine.  This  peculiar  Edison 
construction  was  soon  abandoned,  while  the  same  fea- 
ture was  retained  for  some  years  afterwards  by  many 
other  manufacturers,  while  they  were  still  laughing 
at  the  Edison  absurdity. 


direct-current  design  was  the  radical  differences  in 
construction  of  the  machines  built  by  different 
designers  or  inanufacturers.  In  fact,  every  designer 
appeared  desirous  of  getting  out  a  new  type  which 
could  bear  his  name.  In  consequence  freak  designs, 
from  the  present  viewpoint,  were  much  more  common 
than  those  built  upon  sensible  principles  as  under- 
stood to  a  limited  extent  in  those  days.  Real  develop- 
ment toward  the  present  almost  'universal  standard 
types  did  not  take  place  until  the  early  "cut  and  try" 
methods  of  design  were  superseded  partly,  or  wholly, 
by  calculations  based  upon  the  principles  of  the  elec- 
tric and  magnetic  circuits. 

Aside  from  the  desire  of  each  particular  designer 
to  have  his  name  connected  with  some  new  or  special 
type  of  machine,  many  of  the  freakish  characters  of 
these  early  machines  were  due  primarily  to  an  incom- 
plete or  wrong  conception  of  the  magnetic  circuit.  As 
soon  as  the  magnetic  circuit  became  sufficiently  well 
understood  to  permit  fairly  accurate  calculations  of 
the  magnetic  conditions,  then  the  design  of  direct- 
current  machines  began  to  take  a  definite  trend  toward 
certain  constructions.  When  the  "figures"  showed 
that  a  certain  construction  was  magnetically  better, 
and  considerably  cheaper,  than  other  known  construc- 


THE  BirOL,\R  GENERATOR 

The  first  tendency  toward  any  very  definite  types 
for  general  use  appeared  in  railway  generators.  There 
were  then  four  leading  types  of  railway  equipment, 
namely,  the  Edison  with  the  Sprague  motor  system, 
the  Thomson-Houston,  the  Westinghouse  .and  the 
Short  manufactured  by  the  Brush  Company.  Each 
of  these  companies  put  out  its  own  type  of  bipolar 
railway  generator. 

The  Edison  railway  generator  was  practically  a 
duplication   of   the    Edison   lighting   generator.     The 
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general  arrangement  of  the  magnetic  circuit  was  as 
shown  in  Fig.  ic.  The  field  cores,  yoke  and  pole 
pieces  were  usually  of  wrought  iron.  The  construc- 
tion was  comparatively  massive.  The  armature  was 
of  the  surface-wound,  two-pole  "drum"  type,  an<l 
hand  wound.  On  some  of  the  earlier  generators,  cop- 
per brushes  were  used,  but  carbon  brushes  were 
adopted  later.  Many  of  these  machines  were  com- 
pound-wound, the  same  as  in  present  standard  rail- 
way practice. 

(Jccasionally  some  very  weird  engineering  was 
used  in  the  early  days  in  connection  with  compound 
windings,  when  operating  two  or  more  machines  in 
parallel.  For  instance,  in  one  railway  plant  of  about 
1889,  which  the  writer  examined  personally,  the  ma- 
chines were  projierly  installed  as  far  as  armature  and 
field  leads  and  ecpiali/.er  leads  were  concerned,  but 
the  main  ammeters  were  connected  in  the  series  coil 
circuits,  beyond  the  ei[ualizer  leads,  so  that  they  indi- 
cated the  current  in  the  series  coils  and  not  in  the 
armature.  Moreover,  each  series  field  was  provided 
with  an  adjustable  shunt  so  tliat  the  currents  of  the  dif- 


of  some  non-magnetic  metal,  such  as  zinc  or  brass. 
It  had  to  be  of  considerable  thickness  to  prevent  undue 
shunting  of  the  magnetic  field,  for  this  shunt  path 
was  in  parallel  with  the  air-gap  between  the  armature 
and  field,  which  was  usually  quite  long,  due  to  the 
heavy  surface  windings  on  the  armature  core.  This 
Edison  type  of  machine,  however,  survived  in  rail- 
way work  as  long  as  the  bipolar  type  lasted. 

One  of  the  early  Thomson-Houston  constant  po- 
tential generators  was  modeled  after  the  character- 
istic Thomson-Houston  arc  generator.  It  had  a  glob- 
ular tyjie  armature,  and  the  general  arrangement  of 
the  field  structure  was  similar  to  that  of  the  arc  gen- 
erator. This  machine  had  a  demagnetizing  or  "com- 
pensating" coil  over  the  armature,  with  a  view  to  com- 
I)ensating  for  armature  reaction.  Apparently,  this 
machine  was  used  but  little,  if  at  all,  in  railway  work. 
The  principal  type  of  Thomson-Houston  generator 
for  railway  work  was  ]>ractically  equivalent  to  the 
Edison  machine  turned  upside  down.  Fig.  id.  One 
of  the  best  known  machines  of  this  type  was  desig- 
nated as  the  "D-62."     This  had  a  normal  rating  of 
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o — The   F.dison   type,     b — The  United   States    (Weston) 
d — The  Thomsdn-Hduston  type. 

ferent  series  coil  circuits  could  be  pro])erly  eijualized. 
A  very  noticeable  characteristic  of  this  plant  was  that 
some  of  the  armatures  heated  and  si)arked  much  more 
than  others  and  had  to  be  rewound  frequently,  while 
others  never  had  to  be  rewound.  The  engineer  in 
charge  was  niucli  worried  (ner  this  situation 
until  the  writer,  in  di.scussing  the  installation 
of  a  W'cstinghouse  generator  in  this  plant,  jokingly 
asked  him  whether  he  wanted  the  ammeter  of  the 
^\'estingh()use  machine  placed  in  the  armature,  or  in 
the  series  field  circuit.  The  engineer  immediately 
"saw  something,"  for  over  night  he  revised  the  ar- 
rangement of  his  existing  circuits,  although  the  forr 
mer  arrangement  was  in  accordance  with  the  manu- 
facturer's drawings.  This  case  is  cited  simply  as  an 
illustration  of  the  mistakes  which  were  not  uncommon 
in  those  days,  and  were  not  confined  to  any  one  manu- 
facturer. 

The  Edison  type  of  generator  had  one  serious 
handicap  from  the  magnetic  standpoint,  namely,  the 
pole  pieces  had  to  be  insulated  magnetically  from  the 
bedplate,  as  indicated  in  Fig.  ic     This  insulation  was 
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type,     c — Later  Edison  type,  with  magnetically  insulated  bas^-. 

about  80  horse-power,  or  60  kilowatts.  Magnetically 
the  construction  of  the  machine  was  superior  to  the 
h'.dison  bi-jxilar.  in  that  the  pole  pieces,  being  at  the 
top  of  the  machine,  did  not  have  any  undue  leakage 
to  the  su])]iorting  parts.  The  armature  of  this 
machine,  like  the  ICdixju  bi-polar,  was  of  the  drum 
type,  with  the  coils  wound  on  the  surface  bv  hand. 
Some  of  these  machines  also  had  "compensating"  coils 
over  the  armature.  This  machine  was  in  great  repute 
at  one  time,  and  was  undoulitedly  a  good  ojjerating 
machine,  for  tho.se  times.  Like  the  Edison,  the  T-H 
machine  was  belt-driven.  The  writer  was  much  im- 
pressed, back  in  the  90's,  upon  seeing  a  generating  sta- 
tion containing  what  was  said  to  be  80  of  these  D-6> 
machines  in  one  generating  room,  all  belt-driven  from 
a  system  of  line  shafting  overhead.  The  forest  of 
belts  was  exceedingly  impressive.  Eike  the  Edison. 
this  tyjie  of  generator  jiersisted  as  long  as  bi-polar 
generators  were  used  in  railway  work. 

-V  third  type  of  bi-polar  generator  which  was  used 
in  the  early  railway  work,  was  the  "Weston"  type 
built   by   the   United    States   Electric   Co.    (controlled 
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by  the  Westinghouse  Electric  Co.)  Originally,  this 
type  of  machine  was  arranged  with  horizontal  mag- 
nets, as  indicated  in  Fig.  2a.  In  the  smaller  ma- 
chines the  hearings  were  carried  hy  bronze  Ijrackets 
connecting  the  pole  pieces.  In  larger  machines,  sep- 
arate pedestals  carried  the  bearings.  In  the  railway 
generators,  most  of  the  machines  of  this  type  were 
arranged  with  vertical  instead  of  horizontal  magnets, 
as  shown  in  Fig.  2b.  Separate  pedestals  carried  the 
bearings  in  these  vertical  machines.  Like  the  Fdison 
and  Thomson-Houston  machines,  above  described, 
this  United  States  machine  had  a  surface-wound, 
drum  type  of  armature,  hand  wound.  This  bi-polar 
railway  machine  was  used  to  a  less  extent  than  the 
Edison  or  Thomson-Houston  machines,  because  the 
Westinghouse  Company  did  not  get  into  electric  work 
as  early  as  the  Edison  and  Thomson-Houston  Com- 
panies. However,  this  type  persisted  as  long  as  any 
of  the  other  bi-polars. 

A  fourth  type  of  bi-polar  generator  which  was 
used  extensively  in  railway  work,  was  the  "Short" 
generator.  This  was  modeled  after  the  general  lines 
of  the  Brush  arc  generator,  the  Short  railway  system 


necessary  to  prevent  this.  In  this  machine  were  evi- 
dences of  the  later  slotted  armature  construction. 
However,  it  is  questionable  whether  the  armature  teeth 
on  these  early  Short  generators  were  designed  prima- 
rily for  magnetic  purposes  or  for  mechanical  reasons. 
They  did  not  constitute  a  toothed  armature,  as  we 
design  it  nowadays.  However,  the  machine  must  have 
acted,  to  a  certain  extent,  as  a  toothed  type.  Like  all 
the  others,  this  machine  was  belt-driven.  It  also  per- 
sisted as  long  as  the  bi-polar  machines  were  used  for 
railway  service. 

From  the  above  it  may  be  seen  that  all  of  the 
leading  bi-i>olar  railway  generators  were  quite  differ- 
ent from  each  other  in  their  general  appearance  and 
construction.  There  were  many  warm  discussions 
regarding  the  merits  and  demerits  of  each  type.  When 
equipped  with  carbon  brushes,  all  of  them  operated 
reasonably  well.  All  of  them  ran  rather  hot  in  the 
armature,  due  to  the  fact  that  little  provision  was 
made  for  ventilation.  In  this  respect  the  Short  arma- 
ture was  probably  better  than  the  others,  as  it  was  of 
a  fairly  open  ring  construction.  Being  surface-wound 
in  practically  all  cases,  the  commutation  was  not  diffi- 


F.G.    2 — E.\RLV    GENERATOR    FR.VMES 

°— The   United   States    (Weston)    type,    with    horizontal  magnets,    i-— Tlie  United  States   (Weston)  type,  with  vertical 
magnets,    c— The  Short  (Brnsh)  type. 


being  inanufactured  by  the  Brush  Company.  Like  the 
Brush  arc  machine,  the  Short  railway  generator  had 
a  ring  armature  with  the  armature  coils  lying  between 
teeth  on  the  two  .side  faces  of  the  armature  core,  the 
pole  pieces  being  presented  toward  the  sides  of  the 
armature.    The  armature,  therefore,  was  really  of  the 


cult,  as  the  self-induction  was  low.  When  the  multi- 
I)olar  types  of  railway  generators  came  in,  there  were 
lots  of  "stand-patters"  who  insisted  that  the  old  two- 
pole  machines  were  good  enough,  and  that  we  were 
foolish  in  trying  to  do  away  with  them. 

In  these  various  types  of  bi-polar  generators,  the 


'disc"  type.    The  field  magnets  were  arranged  on  each      Edison  was  carried  up  to  150  kw  capacity,  or  possibly 


side  of  the  armature,  just  as  in  the  Brush  arc  ma- 
chine. The  commutator  was  placed  outside  the  frame 
on  one  end  of  the  shaft  and  the  armature  leads  were 
carried  down  radially  from  the  armature  winding  to 
the  shaft  and  along  the  shaft  to  the  commutator.  The 
whole  constructi(jn  of  the  armature  was  verv  awk- 
ward, from  the  present  viewpoint.  The  general  con- 
struction is  indicated  in  Fig.  2c.  The  armature  re- 
quired a  non-magnetic  spider,  as  was  the  case  in  all 
bi-polar  ring  armatures.  Possibly  one  of  the  worst 
defects  of  this  type  of  machine  was  the  liability  of  a 
strong  side  pull  due  to  inequality  of  air-gaps  on  the 
two  sides  of  the  ring  armature.  Any  inequality  meant 
an  unbalanced  magnetic  pull  with  a  tendency  for  an 
axial  movement  of  the  shaft.     Thrust  bearings  were 


somewhat  larger;  the  United  States  was  carried  up  to 
150  kw  capacity.  Apparently  the  Short  and  Thomson- 
Houston  were  not  carried  up  to  such  large  sizes,  the 
Thomson-Houston  "D-62"  being  the  "crack"  machine, 
to  the  end  of  the  bi-polar  dynasty. 

There  were  a  number  of  other  railway  generators 
at  this  time  in  this  country,  but  they  were  not  as  well 
knfjwn  as  the  above  and  did  not  persist  as  long,  pre- 
sumably because  the  railway  systems  of  which  they 
usually  formed  a  [>art,  did  not  persist. 

MULTIPOLAR   TYPES 

About  1890,  the  Thomson-Houston  Company,  in 
bringing  out  a  larger  capacity  railway  generator 
adopted  a  multipolar  design,  in  which  an  external  oc- 
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tagonal  shaped  yoke  supported  four  internally  pro- 
jecting poles,  each  of  which  carried  a  field  winding. 
'Jhis  arrangement,  shown  in  Fig.  3  a,  was  thus  an  ap- 
proach to  the  present  almost  universal  type  of  field 
oonstruction.  The  armature  was  of  the  ring  type,  with 
four  circuits,  one  per  pole,  and  there  were  four  brush 
arms  and  four  sets  of  brushes  on  the  commutator. 
This  machine  was  separately  excited,  an  exciter  being 
[)rovided.  The  opinion  was  somehow  spread  broadcast 
that  separate  excitation  was  necessary  in  general,  and 
for  parallel  operation  in  particular,  in  multipolar  gen- 
erators. Xo  real  explanation  was  forth-coming  as  to 
why  this  was  so,  but  apparently  almost  everybody  ac- 
cejited  it  as  a  fact  without  explanation.  Shortly  after 
the  introduction  of  this  multipolar  type  of  generator, 
the  writer  examined  several  such  machines  which  had 
just  been  installed  in  the  Duquesne  Traction  power 
house  in  Pittsburgh.  The  conclusion  drawn  was  that 
separate  excitation  was  necessary  only  because  the  ma- 
chines were  not  worked  sufficiently  high  on  the  satur- 
ation curve  to  give  stability  when  self-excited.  With 
the  surface-wound  armatures  and  consequent  large 
air-gap.   together   with    the   multipolar  construction,   a 


FIG.  3 — EARLY   MULTIPOLAR  GENERATORS 

a — Octagonal  frame,     b — Cylindrical   frame. 

relatively  low  saturation  was  used  apparently.  Possi- 
bly the  writer  drew  a  wrong  conclusion  in  this  case, 
but  nevertheless  he  made  up  his  mind  that  self-excita- 
tion was  just  as  practicable  in  multipolar  railway 
way  generators  as  in  bi-polar. 

As  stated  before,  the  United  States  bi-polar 
machines  were  furnished  by  the  Westinghouse  Com- 
pany for  railway  work.  These  were  built  at  the 
United  States  Works  at  Newark,  New  Jersey.  But 
early  in  1890,  the  Westinghouse  Company  considered 
the  construction  of  larger  generators  at  its  Pittsburgh 
shops,  and  a  contract  was  taken  for  a  250  horse-power 
generator  for  railway  work.  The  electrical  design  for 
this  machine  was  prepared  by  the  writer.  A  cylindri- 
cal external  field  with  inwardly  projecting  jioles,  as 
shown  in  Fig.  3-^,  similar  to  the  Westinghouse  alter- 
nators of  that  time,  was  chosen  as  the  ideal  type.  The 
four  poles  were  laminated  and  were  cast  into  llie  voke 
similarly  to  the  Westinghouse  laminated  field  alterna- 
tors of  that  date.  This  field  was  also  a  close  approach 
to  the  i^resent  standard  construction,  being  a  slight 
step  ahead  of  the  Thomsnii-Tfouston  machine  de- 
scribed  above,   in   the  use  of   laminated   poles.      The 


armature  was  of  the  ring  type,  surface-wound.  At 
this  time  the  air  was  filled  with  talk  that  the  ring 
armature  was  the  coming  type.  There  were  some  good 
reasons  for  this.  In  the  older  bi-polar  drum  arma- 
tures, most  of  the  over-heating  had  been  in  the  piled 
up,  unventilated  end  windings.  As  the  ring  armature 
had  no  end  windings  to  speak  of,  it  was  naturally  sup- 
posed that  all  troubles  from  heating  would  be  over- 
come by  the  adoption  of  this  type.  Thus  the  last  weak 
])oint  in  the  railway  armature  was  supposed  to  be  done 
awa\'  witli. 

Being  convinced  that  nuiltipolar  generators  would 
operate  satisfactorily  when  self-excited,  if  worked  high 
enough  on  the  saturation  curve  to  give  stability  in 
excitation,  the  writer  deliberately  designed  this  first 
four  pole  machine  for  self-excitation,  but  this  was  not 
known  to  anyone  but  the  Company's  superintendent, 
Mr.  Alljert  Schmid,  who  was  fully  in  accord  on  this 
point.  However,  when  the  machine  was  about  com- 
pleted and  ready  for  test,  the  information  leaked 
out  that  it  had  been  designed  for  self -excitation, 
which,  of  course,  was  entirely  contrary  to  all  good  and 
accepted  practice.  The  writer  was  criticised  from  all 
sides  for  his  temerity  and  for  his  lack  of  good  judg- 
ment. However,  the  machine  was  put  on  test,  and 
did  operate  in  an  entirely  satisfactory  manner  when 
self-excited.  But  some  of  the  wise  ones  still  shook 
their  heads,  for  we  were  violating  all  known  'Maws." 
Nevertheless,  we  stuck  to  self-excitation,  and  it  is  still 
with  us. 

When  testing  this  first  machine,  considerable  new 
experience  was  obtained.  For  instance,  when  running 
at  normal  voltage,  the  machine  was  dead  short-cir- 
cuited across  the  outside  terminals  with  a  somewhat 
surprising  displays  of  fire-works.  Also  when,  after 
this  short-circuit  test,  the  surface-wound  ring  armature 
winding  was  found  to  be  shifted  about  two  inches  cir- 
cumferentially  at  certain  points,  some  of  us  had  doul)ts 
regarding  the  desirability  of  this  type  of  winding.  This 
was  one  of  the  points  that  led  to  the  slotted  armature 
construction  described  later. 

This  first  W'estinghouse  multipolar  machine  was 
considered  a  "giant,"  and  railway  people  aH  over  the 
country  were  invited  to  witness  its  operation  in  the 
Company's  Pittsburgh  works.  Quite  a  number  of 
visitors  did  come  long  distances  to  see  this  250  hp 
machine,  and  some  comments  were  made  that  this  was 
I)robably  the  upper  limit  in  size  that  would  ever  be 
made.  It  was,  at  that  time,  hard  to  conceive  that  any 
electric  railway  would  ever  need  anything  larger  than 
this  capacity.  Moreover,  it  was  thought  by  some  that 
the  limit  in  belting  had  been  reached.  As  everything 
was  belted  in  those  days,  it  was  difficult  to  see  that  any 
other  method  of  drive  was  ])ossib!e.  Nevertheless, 
this  machine  was  quite  a  wonder,  compared  with  what 
had  i)receded  it. 

SLOTTED  .\KM.\TURE  TVPKS 

.'Several  machines  of  this  type  and  capacity  were 
built  and  jnit  out.     However,  the  writer  was  not  en- 
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tirely  satisfied  with  the  ring  winding  in  particular,  nor 
the  surface  winding  in  general.  At  this  time,  in  alter- 
nating-current work,  there  was  a  strong  tendency  to- 
ward "toothed"  armature  constructions,  with  the  wind 
ings  completely  embedded  below  the  surface  of  the 
core.  These  alternating-current  armature  types  with 
one  tooth  per  pole  did  not  lend  themselves  to  direct- 
current  work,  but  the  idea  of  embedding  the  windings 
persisted.  In  the  summer  of  1890,  while  scheming  on 
a  new  railway  motor,  a  slotted  armature  construction 
was  worked  out  by  the  writer,  with  a  view  to  improv- 
ing the  magnetic  conditions  so  greatly  that  a  slow- 
speed  single-reduction  railway  motor  would  be  pos- 
sible. The  calculations  for  the  magnetic  condition 
(crude  as  they  were  in  those  days)  showed  such 
astonishingly  good  results  that  the  same  construction 
was  considered  in  connection  with  the  design  of  a 
large  Westinghouse  slotted  armature  railway  genera- 
tor which  in  many  ways  may  be  considered  the  fore- 
runner of  present  practice.  These  calculations  on  the 
railway  motor  resulted  in  the  well  known  Westing- 
house  No.  3  single  reduction  motor,  which  was  prac- 
tically the  forefather  of  the  present  universal  type  of 
railway  motor.  This  was  not  actually  the  first  single 
reduction  motor,  but  was  the  first  which  anyways 
nearly  approached  the  present  type. 

It  was  while  making  the  original  calculations  on 
the  slotted  armature  for  the  single  reduction  motor 
that  the  "two-circuit"  or  "series"  type  of  armature 
winding  was  devised  for  multipolar  machines.  In 
working  out  the  railway  motor,  it  soon  became  evi- 
dent that  a  four-pole  design  was  necessary.  With  any 
of  the  then  known  armature  windings,  either  four- 
brush  arms  were  required  on  the  commutator,  or  the 
commutator  had  to  be  cross-connected  at  every  bar, 
in  order  to  allow  the  use  of  two-brush  arms  only.  The 
writer  deliberately  set  about  to  ile\ise  an  arrangement 
of  connections  which  would  allow  the  use  of  two- 
brush  arms  on  a  multipolar  winding  without  any  other 
cross  connections  than  the  normal  connections  of  the 
winding.  The  two-circuit  winding  was  the  result,  and 
the  law  of  the  winding  was  worked  out  for  various 
combinations  of  poles,  etc.,  while  still  closing  on  itself 
properly.  This  winding  was  included  in  the  design 
of.  the  trial  single  reduction  motor  then  lieing  designed. 
Question  was  raised  regarding  this  new  winding,  when 
it  was  first  proposed,  by  those  who  appreciated  that 
something,  radically  new  was  involved  in  its  use.  The 
writer  had  to  "swear  up  and  down"  that  i'  was  abso- 
lutely correct  in  principle,  even  if  it  w'as  new  and  un- 
tried, but  he  apparently  convinced  the  others  more 
by  his  vehemence  than  by  his  theories,  for  most  people 
in  those  days  had  very  little  conception  of  the  theory 
of  armature  windings.  However,  when  the  first  sin- 
gle reduction  railway  motor  armature  came  on  test, 
the  theory  proved  to  be  all  right — at  least  the  arma- 
ture was  all  right  and  had  but  two  brush  arms  on  a 
four-pole  machine.  This,  as  far  as  the  writer  knows, 
was   the   original   two-circuit    multipolar    winding  in 


this  countr)-.  Application  for  a  patent  was  refused, 
however,  on  the  basis  of  a  certain,  until  then  un- 
known, foreign  patent — that  is,  unknown  as  far  as 
the  w'riter  and  any  of  his  colleagues  were  concerned. 
It  may  be  worth  mentioning  that  at  the  time  this  two- 
circuit  winding  was  first  used,  the  criticism  brought 
against  it  was  that  it  was  entirely  too  complicated  to 
be  adopted  generally.  This  is  interesting  in  view  of 
the  fact  that  at  the  present  time  this  is  our  simplest 
direct-current  winding,  and  it  is  used  probably  to  a 
greater  extent  than  all  other  windings  together 
Prophecies  in  those  days  were  no  more  reliable  than 
they  are  at  present. 

Returning  to  the  slotted  type  of  railway  genera- 
tors, as  stated  above,  it  was  decided  to  build  an  arma- 
ture of  this  type.  Slotted  armatures  had  previously 
been  used  in  America  by  the  United  States  Company 
and  others  on  comparatively  small  capacitv  generators 
and  motors,  but  apparently  on  nothing  "within  gun- 
shot" of  the  size  which  we  were  contemplating. 
Therefore,  opinions  were  obtained  from  a  number  of 
then  eminent  engineers  who  had  had  experience  of 
some  sort  w-ith  slotted  armatures.  All  opinions  were 
unanimous  that  we  could  not  make  a  250  horse-power 
railway  armature  of  the  slotted  type  which  could  coni- 
mutate  successfully  without  rocking  the  brushes  with 
change  in  load.  This  was  very  discouraging,  but  it 
was  then  decided  that  this  was  possibly  a  case  where 
everyone  was  wrong,  and  that  we  had  better  build  one 
armature  in  order  to  obtain  some  positive  informa- 
tion. 

This  new  railway  armature  was  designed  with 
95  slots  and  95  turns  and  95  effective  commutator 
bars,  the  new  two-circuit  drum  winding  being  used, 
although  it  was  intended  that  there  should  be  fou. 
brush  arms.  As  95  turns  were  all  that  could  be  used, 
with  the  desired  saturation  of  the  existing  field  frame, 
and  as  there  did  not  seem  to  be  enough  bars  for  a 
four-pole,  525  volt  machine,  the  actual  number  of 
commutator  bars  was  made  190,  but  only  every  other 
bar  was  connected  to  the  armature  winding.  The  in- 
tervening bars  were  idle  (or  "dummies"),  and  really 
constituted  broad  insulating  or  separating  segments  be- 
tween the  active  bars.  The  brushes  covered  practi- 
cally four  bars,  so  that  they  touched  two  active  bars 
all  the  time. 

There  was  considerable  discussion  regarding  the 
type  of  armature  slot  to  be  used,  namely,  whether  it 
should  be  partially  opened  at  the  top  or  should  be  en- 
tirely closed.  It  was  finally  decided  to  make  the  slots 
entirely  closed,  on  the  principle  that  the  closed  slot 
would  be  the  ideal  one  if  it  prove  satisfactory,  and  if 
it  didn't  prove  satisfactory,  the  slots  could  then  have 
oyicnings  cut  in  the  top,  without  rewinding. 

AMien  this  first  machine  came  on  test,  some  most 
remarkable  results  were  obtained,  due  apparently  to 
both  the  idle  segments  in  the  commutator  and  the  en- 
tirely closed  armature  slots.     Sparking  was   present 
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at  all  times,  even  with  only  the  exciting  current  as  a 
load.  Rocking  the  brushes  was  tried  for  curing  this, 
but  when  any  considerable  load  was  carried  no  point 
of  sparkless  commutation  could  be  found.  However, 
a  curious  feature  of  the  results  was  that  the  brushes 
could  be  rocked  practically  anywhere  on  the  commu- 
tator without  causing  flashing.  Copper  brushes  were 
tried  with  like  results.  Also,  copper  brushes  were 
tried  behind  the  carbon  brushes,  and,  in  some  cases, 
such  heavy  local  currents  were  generated  between  the 
copper  and  carbon  brushes  that  the  brushes  got  red 
hot  over  almost  their  full  length,  and  yet  we  did  not 
produce  a  single  flash  from  this  machine,  although  we 
explored  around  over  almost  the  entire  commutator 
with  the  experimental  brushes.  Mr.  Chas.  F.  Scolt 
and  the  writer  spent  almost  an  entire  niglit  experi- 
menting with  the  brushes  and  brush-holders,  with  our 
faces  at  times  almost  against  the  conmuitator  and 
brushes,  w^here  a  flash  would  probably  have  caused 
permanent  injury  to  us.  In  view  of  the  vicious  flash- 
ing which  occurred  at  times  on  later  machines,  it  is 
still  somewhat  of  a  puzzle  why  this  first  machine  was 
so  absolutely  non-flashable.  Apparently,  the  "dummy'' 
commutator  bars  should  receive  most  of  the  credit 
for  this  result. 

Finding  tliat  the  closed  slot  constructicju  was  a 
failure,  the  armature  slots  were  then  cut  open  as  wide 
as  possible  while  still  retaining  sufficient  overhanging 
tips  for  holding  the  armature  conductors  in  place.  The 
first  test  after  this  showed  a  mar\elous  imi)rovement. 
The  armature  now  would  carr)-  from  no-load  uj)  to 
considerably  above  its  rated  load  without  serious 
sparking  and  without  shifting  the  brushes.  The  ma- 
chine was  then  put  on  exhibition  and  many  prominent 
people  saw  it  put  through  its  "stunts."  The  only  seri- 
ous defect  that  developed  was  in  slight  spotting  or 
burning  of  alternate  commutator  bars.  In  an  at- 
tempt to  overcome  this,  each  idle  bar  was  connected 
to  an  adjacent  active  bar,  thus  reducing  the  total  num- 
ber of  bars  to  95.  Under  this  condition  the  spotting 
was  stopped,  and  the  commutation  ap[)eared  to  be  just 
as  good  as  before;  therefore  it  was  decided  that  93 
bars  were  sufficient  for  a  four-])ole.  525  volt  railway 
generator  of  this  general  construction. 

This  slotted  armature  railway  generator  turned 
all  future  construction  of  large  machines  toward  the 
slotted  ty])c.  However,  this  first  machine  by  no  means 
fixed  the  final  design  of  this  type  of  armature,  but 
merely  set  the  general  type.  Many  variations  ap- 
peared in  the  following  years,  but  all  contained  the 
slotted  construction  and  the  drum  type  of  armature 
winding.  As  far  as  the'armature  itself  was  concerned, 
the  principal  variations  were  in  the  shape  of  the  arma- 
ture slots  and  in  the  form  or  construction  of  the  arma- 
ture coils.  Furthermore,  some  experience  was  re- 
quired in  order  to  determine  the  best  proportions  of 
armature  teeth,  air-gap,  etc.,  in  order  to  produce  good 
commutation  over  a  wide  range  of  load  without  brush 


shifting,  a  very  necessary  condition  in  railway  work. 
While  in  fact  this  first  large  generator  did  not  require 
brush  shifting,  yet  the  reasons  for  this  were  not  fully 
ajjpreciated  at  the  time,  and  therefore  the  good  results 
obtained  were,  to  a  certain  extent,  accidental.  The 
right  conditions  were  aimed  at  in  making  up  the  de- 
sign, but  as  it  was  largely  a  question  of  how  far  to 
carry  certain  proportions,  it  was  partly  accidental  that 
these  conditions  were  carried  just  far  enough  to  ob- 
tain such  satisfactory  results.  In  this  first  machine 
the  armature  teeth  were  made  comparativeh  thin  and 
short  and  were  saturated  to  an  excessi\  e  degree. 
Also,  the  air-gap  was  ])urj)()sely  made  C|uite  large,  with 
the  idea  that  the  air-gap  and  tocjth  saturation  together 
would  require  \ery  liigh  magnetizing  ampere-turns 
compared  with  the  armature  ami)ere-turns.  which  was 
considered  as  a  very  desirable  condition  for  commu- 
tation. Ilowexer,  the  extremely  beneficial  effect  of 
high  tooth  saturation  in  !u)lding  the  brush  lead  con- 
slant  was  not  then  fully  ai)iireciated.  This  was  dis- 
covered when  a  somewhat  larger  machine  was  built 
a  few  months  later.  In  this  larger  machine  the  tooth 
saturation  was  considerably  lower  than  in  the  first 
armature,  although  the  air-gap  ampere-turns  were 
comparatively  high.  This  later  machine  was  found  to 
be  much  more  sensitive  to  shifting  of  lead  than  the 
former  machine.  A  careful  study  was  made  of  the 
influence  of  tooth  saturation  in  holding  the  lead  con- 
stant, and  from  this  study  a  scheme  for  saturating  the 
pole  face  instead  of  the  armature  teeth  was  suggested, 
which  will  be  referred  to  later.  The  Thomson-Hous- 
ton earliest  slotted  type  railway  generators  were  also 
subject  to  change  in  lead,  but  evidently  the  cause  of 
the  difficulty  was  soon  discovered,  for  the  later  ma- 
chines were  not  so  sensitive  in  this  regard.  Also,  ap- 
I)arenily  their  earlier  slotted  machines  had  weaker 
fields  compared  with  the  armatures  than  was  the  case 
with  the  \\  estinghouse  machines. 

The  early  Wcstinghouse  slotted  armatures  for 
railway  generators  all  had  partially  closed  slots,  while 
some  of  the  early  Thomson-Houston  machines  had 
rectangular  open  slots  and  others  had  partially  closed 
slots.  The  slot  construction  depended,  to  a  certain  ex- 
tent, u])on  the  type  of  armature  winding  used.  The 
early  W'estinghouse  machine  had  onl\-  two  round  con- 
ductors per  slot,  which  were  threaded  through  two 
stout  insulating  tubes  made  of  rolled  up  i)aper  and 
shellac,  as  shown  in  Fig.  4(j.  These  tubes  Jiad  walls 
of  1/16  to  3/32  of  an  inch  in  thickness.  The  winding 
consisted  of  either  round  solid  conductors  or  of  twisted 
cable,  threaded  through  these  tubes.  The  conductors 
were  first  cut  in  lengths  corresponding  to  one  complete 
turn.  All  the  conductors  of  the  lower  layer  were 
threaded  through  the  lower  tubes  and  then  bent  down 
at  each  end  in  an  involute  shape,  as  indicated  in  Fig.  4-6 
and  c.  At  the  front,  or  commutator  end,  the  conduc- 
tors extended  just  sufficiently  to  furnish  the  front  end 
connection  to  the  commutator.  At  the  rear  end,  the  con- 
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ductors  extended  far  enough  to  furnish  the  leturn  or 
upper  layer.  The  lower  layer,  after  being  bent  down 
at  each  end  to  an  insulated  support  over  the  shaft  was 
banded  or  clamped  down  solidly  to  the  support.  The 
extended  rear  ends  of  the  coils  or  conductors  were 
then  bent  outward  to  the  periphery  of  the  core,  in  an 
involute  form  and  were  shoved  tlirough  the  upper 
layer  of  tubes,  and  carried  directly  to  the  commutator, 
thus  completing  the  winding.  The  various  steps  in 
this  construction  are  indicated  in  Fig.  40'.  In  the 
smaller  machines,  that  is,  from  al)out  150  kw  down, 
solid  conductors  were  used,  these  being  in  some  cases 
as    large    as    No.    2    B.&S.    gage    wire.    The  maxi- 
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least,  a  very  early  one.  In  some  cases,  two  or  even 
three  bars  were  placed  side  by  side  in  one  slot,  form- 
ing two  or  three  separate  turns.  This  general  type  of 
winding  was  retained  by  the  Thomson-Houston  Com- 
pany (G.  E.)  for  several  years. 

Formed  Coils — After  two  or  three  years'  use  of 
the  W'estinghouse  "shoved-through"  type  of  armature 
winding  above  described,  the  development  of  a  type 
of  armature  coil,  which  could  be  completely  formed 
and  insulated  before  placing  in  the  slots,  was  taken  up. 
\'arious  schemes  to  accomplish  this  were  undertaken. 
The  first  one  attempted  consisted  in  forming  the  rear 
end  and  the  two  straight  parts  of  the  coil  as  a  complete 


FIG.    4 — E.\RLY    WINDING    SCHEMES 


mum  size  of  solid  conductor  was  determined  by 
the  abilitv  of  the  winders  to  handle  it  without  undue 
difficulty.  For  larger  sizes,  twisted  cables  were  used, 
made  up  of  fairly  large  wires,  such  as  No.  lo  or  No. 
12  B.  and  S.  gauge.  ConsideraI)le  stififness  was  pre- 
ferred in  order  to  give  mechanical  strength  to  the 
winding.  This  type  of  armature  winding  was  used 
for  a  number  of  years,  and  was  sometimes  modified  to 
the  extent  of  four,  or  even  six  tubes  and  conductors 
per  slot,  arranged  radially.  Also,  in  some  cases,  the 
.section  of  the  tubes  was  made  elongated  to  take  two 
or  three  parallel  conductors  forming  one  turn.  In  the 
larger  machines  with  this  winding,  with  the  very  high 
tooth  inductions  used,  undoubtctdly  the  use  of  cable 
materially  les- 
sened eddy  cur- 
rents in  the 
c  o  n  d  u  c  t  o  rs. 
This,  however, 
was  not  a  prime 
reason  for  the 
use     of       caljle. 
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riG.   5 — E.ARLY   COIL   FORMS 


coil  which  was  then  shoved  through  the  partially  closed 
slots  from  the  rear  end,  the  front  end  connectors  being 
formed  of  copper  strap  which  were  then  riveted  or 
soldered  on,  after  the  conductors  had  been  shoved 
through  the  slots,  as  shown  in  Fig.  5/).  One  armature 
of  the  sort  was  actually  constructed.  It  was  appre- 
ciated however  that  if  open  armature  slots  were  used, 
instead  of  partially  closed,  the  entire  cuil.  including 
both  front  and  rear  end  connections,  could  be  con- 
structed in  one  piece.  This  construction  was  then  tried 
out  and  adopted,  as  illustrated  in  Fig.  51".  It  may  be 
noted  that  both  end  windings,  in  this  early  one  piece 
coil,  were  of  the  involtite  type.  This  construction 
was  retained  b\-  the  W'estinghouse  Company  for  some 

years,  and  was 
extended  to 
two,  three,  and 
even  four  and 
fi  v  e  ,  separate 
conductors  side 
by  side  in  one 
slot.    Then  grad- 
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ease  of  winding  being  the  princii>al  reason. 

.'^ome  of  the  early  Thomson-Houston  slotted 
armatures  had  open  slots,  while  others  had  partially 
closed  slots,  of  rectangular  shape  in  both  cases.  Straight 
copper  straps  or  bars  of  rectangular  section  were  either 
laid  in  or  shoved  through  the  slots  from  one  end,  de- 
pending upon  whether  the  slots  were  of  the  open  or 
partiallv  closed  type.  Separate  strap  end  connectors 
of  the  involute  type  were  riveted  or  soldered  to  the 
armature  bars  at  each  end.  This  general  construction 
is  shown  in  Fig.  5(7.  The  writer  does  not  know 
whether  this  was  the  earliest  Thomson-Houston  wind- 
ing  for   slotted   armature   generators,   but   it   was,   at 


nail}-  the  involute  winding  at  the  front  end  was  re 
placed  by  axially  arranged  end  windings  between  the 
armature  core  and  commutator,  just  as  in  present 
practice.  The  rear  end  was  later  straightened  up  in 
the  same  way,  so  that  the  i)rcsent  type  of  winding 
was   thus   attained. 

Incidently,  it  should  be  mentioned  that  the  com- 
pletely wound  coil,  with  involute  end  connections,  was 
developed  and  applied  by  Rudolph  Eickemeyer.  to 
surface-wound  armatures  several  years  previous  to 
this.  In  this,  as  in  several  other  things,  Eickemeyer 
was  considerably  in  advance  of  his  time.  In  some  of 
the   earlier  armatures   with   open   slots,  the   windings 
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embedded  in  the  armature  core  were  supported  by 
bands  over  the  core.  This  appeared  to  be  the  usual 
Thomson-Houston  practice,  (some  of  the  above 
developments  occurring  during  the  formation  of  the 
General  Electric  Company  from  the  Thomson-Houston 
and  Edison  Companies).  With  open  slots,  the  pre- 
ferred W'cstinghouse  construction  consisted  of  fiber 
wedges  over  the  embedded  parts  of  the  winding,  but 
the  writer  does  not  know  whether  this  construction 
originated  with  the  Westinghouse  Company  or  not. 
There  was  considerable  discussion  as  to  the  relative 
merits  of  the  two  arrangements,  but  apparently  both 
were  entirely  successful. 

End  Winding  Supports — As  regards  supports  for 
the  end  winding,  the  early  shoved-through  winding  on 
the  Westinghouse  machines,  shown  in  Figs.  4-t  and  c 
had  good  supports  at  eacli  end  against  centrifugal 
force.  The  slots  being  partly  closed,  this  type  of  wind- 
ing therefore  had  no  bands  or  wedges  on  any  part  of 
it.  With  the  development  of  the  strap  coil,  as  shown 
in  Fig.  5-c,  it  soon  developed  that  in  high-speed  ma- 
chines the  rear  end  of  the  winding  required  some  sort 
of  sui)port.  This  was  first  made  in  the  form  of  bronze 
end  bells,  which  braced  the  end  winding,  both  axially 
and  radially,  as  shown  in  Fig.  6.  The  front  end  wind- 
ing had  no  support.     However,  in  the  early  years  of 


FIG.  6 — MKTIIOD  OF   BRACING   THE   ENU    WINDINGS    BY    A    METALLIC 
END  BELL 

this  winding,  very  low  speed  armatures  were  the  rule, 
for  this  was  the  age  of  engine-type  generators,  which 
will  be  referred  to  more  fully.  Except  in  rare  cases, 
the  armature  end  connections  were  rigid  enough  to  be 
self-supporting  without  belts  or  bands.  When  rotary 
converters  and  motor-generators  came  into  general 
use,  with  their  very  much  higher  peripheral  speeds, 
the  end  bell  over  the  rear  end  was  eventually  rejilaced 
by  axial  end  windings  with  heavy  bands,  as  in  present 
practice.  The  Thomson-Houston  or  General  Electric 
Company  preceded  the  Westinghouse  Company  in  the 
use  of  bands  on  the  end  windings,  probably  in  part  be- 
cause their  built-up  end  windings  had  more  need  for 
some  external  support.  Also,  as  they  abandoned  the 
built-up  end  construction  in  favor  of  complete  coils, 
they  changed  to  the  axial  construction  on  the  rear  end, 
which  also  necessitated  the  use  of  bands.  Thus  both 
companies  eventually  came  to  the  same  construction, 
through  diiTerent  courses  of  development. 

The  writer  has  gone  into  this  history  of  the 
slotted  construction  and  the  armature  windings,  be- 
cause these  constitute  probably  the  most  radical 
points  in  the  history  of  direct-current  generator 
design. 


OTHER    MtI.TII'iiI..\K   T\I'KS 

Something  should  be  said  regarding  other  types 
of  multipolar  generators  developed  during  this  time. 
The  Edison  Company  did  not  go  into  the  multipolar 
design  for  railway  generators,  as  far  as  the  writer 
knows,  for  about  this  time,  the  T-H  and  Edison  Com- 
panies were  combined  into  the  G.  E.  Company.  The 
Edison  Company,  however,  had  designed  and  built 
some  large  low-voltage  generators  for  the  Edison 
licensee  companies.  These  had  large  cylindrical  ex- 
ternal fields  with  inwardly  projecting  jxjles  of  cast 
steel  or  wrought  iron.  The  armatures  were  of  the 
ring  type,  surface  wound,  and  were  fitted  with  radial 
commutators  on  one  face  of  the  armature  core,  the 
commutator  bars  forming  part  of  the  armature  wind- 
ing. These  machines,  as  a  rule,  used  metal  brushes. 
They  were  manufactured  up  to  quite  large  ca[)acities 
by  the  General  Electric  Company  in  cmUinuing  the 
Edison  design. 

The  Short  bi-polar  type  of  railway  generatnr  was 
simply  expanded  into  a  multipolar  type,  liaving  the 
same  general  constructional  features.  This  appar- 
ently presented  no  advantage  over  the  Short  bi-polar 
machine,  excei)t  that  it  permitted  machines  of  larger 
capacity  to  be  built.  As  one  time  it  was  claimed  by 
some  authorities  that  the  Short  multipolar  generator 
was  the  coming  type.  However,  it  was  apparently  too 
expensive,  for  later,  in  organizing  the  electrical  work 
of  the  W'alker  Company.  Prof.  .Short  abandmied  this 
construction  in  favor  of  one  similar  tn  the  Westing- 
house and  G.  E.  machines. 

ENGINE-TV I'E  GENKR.VTOR.S 

All  the  earlier  generators  were  of  the  belted  type. 
This  was  eventually  carried  up  to  comparatively  large 
capacities  in  cither  belt  or  rope  drive,  500  kw  ma- 
chines being  not  uncommon.  However,  shortly  after 
the  slotted  type  of  armature  construction  came  into 
general  use,  a  tendency  was  manifested  toward  direct 
driving  from  the  engine.  Once  well  started,  direct 
driving  siion  became  almost  exclusive  practice,  ex- 
cept for  extremely  small  units.  Two  methods  of  rli- 
rect  driving  were  used  about  equally  in  the  earlier 
practice,  namely,  direct  coupling  of  complete  gen- 
erator units  to  the  engines,  and  straight  engine  type 
machines  in  which  the  generator  armature  was  placed 
on  the  engine  shaft.  The  former  might  be  said  to  be 
an  adaptation  of  the  belted  type  to  direct  driving. 
The  engine  type  machine,  however,  might  be  con- 
sidered a  distinct  type,  as  the  units  were  designed 
primarily  in  connection  with  tiie  prime  movers. 

Designers  of  direct-current  machines  rather  wel- 
comed the  engine  type,  even  if  it  did  make  much  of 
their  former  work  obsolete,  for  the  engine  type  ma- 
chine very  much  simplified  some  of  the  problems  which 
had  been  encountered  in  the  larger  capacity  belted 
machines.  For  example,  the  conmiutation  problem 
became  very  much  easier,  due  to  the  much  lower  speed, 
larger  commutators,   etc.     The   heating  problem   was 
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also  temporarily  solved,  for  the  engine  type  machines  largely  to  the  general  introduction  of  the  polyphase 
were  comparatively  large  and  massive  for  a  given  alternating-current  system  of  generation  and  trans- 
output,  and  thus  could  dissipate  their  heat  rather  mission  of  power,  with  conversion  to  direct  current  by 
easilv.  rotary  converters  and  motor-generators.  The  period 
The  direct-coupled  and  engine-type  practice,  once  of  decline  began  about  1898  to  1900,  when  large  capa- 
started,  came  in  rather  quickly.  The  first  railway  city  rotary  converters  began  to  take  the  field, 
units  appeared  about  1892.  and  by  1893  they  had  made  When  the  engine-type  practice  was  in  vogue,  some 
great  progress  commercially.  A  number  of  large  very  large  units  were  constructed  for  comparatively 
engine-type  and  direct-coupled  railway  generators  were  low  speeds — i  000,  i  500  and  2  000  kw  units  at  75  to 
exhibited  by  various  manufacturers  at  the  Chicago  80  r.p.m.  were  common,  and  quite  a  number  of  rail- 
Worlds  Fair  in  1893.     The  power  house  for  the  In-  way  units  of  3  000  kw  were  built.     For  lighting  serv- 


tramural  Railway  at  the  Fair  contained  practically  only 
such  machines,  if  the  writer  remembers  rightly.  The 
^^'orlds  Fair  engine  type  generators  were  presumably 
all  exhibition  machines;  however,  they  were  but  little, 
if  any,  ahead  of  the  times  for,  during  the  same  year. 


ice,  some  units  of  still  larger  capacity  were  built. 

The  engine  type  machine  in  its  prime  was  a  mag- 
nificent piece  of  apparatus.  On  account  of  its  low 
speed,  it  was  of  comparatively  large  dimensions  for  a 
given  output.     In  the  largest  capacity,  low-speed  en- 


both  the  Westinghouse  and  G.  E.  Companies  contracted  gine-type  generators,  overall  dimensions  of  25  to  27 
for  a  number  of  very  large  machines  of  the  engine  feet  were  attained.  This  is  very  large,  compared  with 
ty]3e.  It  might  be  said  therefore  that  the  engine  type  present  practice,  which  is  confined  almost  entirely  to 
railwa)'  generator  was  well  established  commercially,  relatively  high-speed  machines.  However,  large  as 
in  1893.  or  within  about  two  years  after  the  first  they  were,  they  were  midgets,  both  in  size  and  capacity, 
slotted  armature  for  large  railway  generators  was  de-  alongside  some  of  the  alternating-current  engine-type 
veloped.  M'ithout  the  slotted  construction,  it  is  doubt-  generators  at  their  maximum.  The  latter  were  con- 
ful  whether  such  rapid  and  enormous  development  structed  up  to  capacities  of  5000  to  6000  kw  com- 
could  have  taken  place.  pared  with  3  000  kw  for  direct  current,  while  the  en- 
There  was  one  exception  to  the  slotted  armature  gine-type  alternators  attained  overall  diameters  as  high 
construction  in  large  machines  for  railway  work,  as  42  feet.  Incidentally,  as  regards  capacity  alone. 
namely,  the  Siemens-Halske  generator,  which  was  (?x-  the  race  between  alternators  and  direct-current  ma- 
ploited  in  this  country  for  several  years,  from  about  chines  has  been  very  much  one-sided,  almost  since  the 
1895.  This  was  the  well-known  external  armature  polyphase  svsteni  became  thoroughly  commercial,  the 
construction,  in  which  a  ring  wound  armature  sur-  earliest  Niagara  generators  (constructed  in  1893),  of 
rounded  a  stationary  multipolar  internal  field  struc-  3  750  kw.  being  practically  of  as  large  capacity  as  the 
ture.  The  armature  was  ring-wound,  the  inner  sur-  largest  direct-current  machine  ever  built :  while  in 
face  cutting  the  field,  while  the  outer  surface  formed  later  polvphase  work,  generators  of  the  usual  multi- 
the  commutator.  The  brushholder  thus  surrounded  polar  construction  have  been  built  up  to  17  000  kw. 
the  entire  armature.  When  first  introduced  into  and  turbo-generators  up  to  30000  and  35000  kw. 
America,  these  generators  used  metal  brushes,  this  Obviously,  as  regards  maximum  capacity,  the  direct- 
being  possible  due  to  the  surface  type  of  windmg.  low  current  machine  makes  but  a  poor  comparison,  for 
voltage  per  bar,  wide  neutral  zone.  etc.  However,  in  reasons  which  do  not  come  within  the  scope  of  this 
American  railway  practice,  metal  brushes  did  not  prove  paper.  Nevertheless,  this  should  in  nowise  detract 
entirely  satisfactory,  especially  in  case  of  short-circuit,  from  the  direct-current  generator,  as  an  engineering 
as  they  burned,  and  burred  and  "welded"  badly.     Car-  accomplishment. 

bon  brushes  were  used  later,  but  the  general  construe-  In  general,  the  engine-type  constructions  of  dif- 
tion  was  not  very  suitable  for  such  brushes.  This  ferent  manufacturers  were  very  similar,  except  in  de- 
type  of  machine  as  a  whole  was  not  competitive  with  tails.  The  principal  differences  were  in  the  way  the 
the  rugged,  well-protected  armature  and  commutator  field  yoke  was  split,  in  the  construction  of  the  field 
construction  of  other  American  makes,  and  it  dropped  poles  and  field  winding,  and  in  the  details  of  the  arma- 
out  when  the  American  Siemens-Halske  Company  ture  winding,  as  already  described.  In  the  earlier 
went  out  of  business.  It  is  interesting,  however,  as  a  \\"estinghouse  machines,  the  field  yoke  was  split  ver- 
late  survivor  of  the  surface-wound  type  of  railway  tically.  so  that  the  two  halves  could  be  moved  away 
generator  armature.  from  the  armature  in  a  direction  at  right  angles  to  the 
The  engine-type  construction  in  general  soon  shaft.  The  G.  E.  construction,  in  general,  was  hori- 
spread  into  all  fields  of  electric  generator  work,  such  zrntally  split,  and  access  to  the  armature  was  ob- 
as  lighting,  electrolytic  work,  etc.,  and  was  a  standard  tained  either  by  sliding  the  field  parallel  to  the  shaft  or 
construction  for  many  years,  before  it  suffered  a  de-  by  removing  field  poles  or  by  lifting  ofif  the  top  half  of 
cline.  In  small  lighting  work,  the  type  persists  today,  the  field.  There  was  much  argument  regarding  the 
but  has  now  almost  disappeared  in  railway  work,  due  respective  merits  of  these  two  constructions. 

{To  be  continued.) 


Considerations  in  the  Design  of  Rail- 
way Motors* 


FACTORS  l.\  ELECTRICAL  DESIGN 
R.  E.  Hellmund 

THE  ELECTRICAL  DESIGN  of  a  railway  mo- 
tor is  handicapped  by  sjwce  and  weight  con- 
siderations. The  jjroportions  of  industrial 
motors  are  determined  with  regard  to  such  electrical 
characteristics  as  efficiency,  commutation,  flashing, 
etc.,   while  in   railway  work  it  is  often  necessary  to 


small  diameter.  .\  few  narrow  gauge  roads  do  their 
share  toward  increasing  the  nuinher  of  conditions  to 
he  met. 

<  )llu'r  variations  are  being  introduced  due  to  the 
fact    that     energy    consumption     is    being    carefully 


choose   the   relation   of   armature    diameter  to   length 
and  the  like,  to  suit  the  space  available,  and  to  sacri- 


watched  and,  in  order  to  get  the  best  results  in  all 
classes  of  service,  motors  of  the  same  rating  with  a 
variety  of  different  speeds  are  specified.  Finally,  the 
fice  other  desirable  points  within  reasonable  limits,  handling  of  freight  service  on  electric  roads  has  made 
This  practice  is  fully  justified  under  the  conditions  ex-  necessary  the  development  of  new  low-speed  ratings, 
isting  in  railway  work.     It  would  be  al)surd,  for  in-  Again,   conditions    vary   because   some   operators 

stance,  to  adopt  a  large  armature  diameter,  whicli  operate  their  motors  open  and  ventilated,  while  others 
would  mean  a  heavy  motor  reijuiring  nuicli  space,  and  prefer  enclosed  motors.  If  an  entirely  new  motor 
consequently  large  and  heavy  wheels  and  trucks  on  were  designed  for  each  of  these  cases,  tlie  work  would 
the  car,  merely  to  get  commutation  as  sparkless  as  an  be  comparatively  simple,  but  it  would  mean  the  de- 
up-to-date  industrial  motor,  or  to  secure  slight  ad-  velopment  of  a  new  motor  for  every  variation,  a  prac- 
vantages  in  ventilation.  In  designing  a  railway  motor  tice  which  would  mean  very  high  expense  to  both 
it  is  necessary,  therefore,  to  assume  a  broad  point  of  manufacturers  and  the  railways.  It  is  therefore 
view  and  to  consider  both  the  electrical  properties  of  necessary  to  design  each  motor,  or  at  least  a  majority 
the  motor  and  the  influence  which  the  motor  dimen-      of  its  parts,  so  that  it  can  be  used  under  a  number  of 

conditions,  and  this  in  turn  introduces  difficulties  and 
the  necessity  for  many  compromises  in  design  as  well 
as  manufacture.  In  spite  of  the  endeavors  on  the  part 
of  designers  and  engineers  to  keep  down  the  numl^er  of 
dilYerent  motors  and  motor  parts,  the  varying  condi- 
tions  have   necessitated   a  great  number  of   different 


sions  have  upon  the  size  and  construction  of  the  car. 
and  the  operating  expenses  in  general. 

Another  factor  is  the  desirability  of  a  flexible  de- 
sign which  permits  the  use  of  a  certain  motor  frame, 
or  its  parts,  for  a  number  of  different  apiilications. 
Until  a  few  years  ago,  a  line  of  railway  motors  cov- 
ering the  entire  range  of  applications  consisted  of  a  motor  designs  and  much  development,  a  fact  which  has 
very  few  sizes ;  there  was  only  one  operating  voltage  proven  to  be  an  enormous  financial  burden  to  the 
and  the  wheel  sizes  in  use  were  sufficiently  uniform  to      manufacturers. 


call  for  only  one  motor  frame  for  any  given  horse- 
power rating.  With  these  conditions,  it  was  possible 
to  cover  city  work  with  about  two  or  three  ratings, 
interurban  work  with  two  or  three  other  ratings,  and 
two  or  three  more  ratings  took  care  of  lf)comotive 
work  and  the  few  applications  for  elevated  and  subway 
service.  Xow,  conditions  have  changed.  ^lotors  are 
required  for  line  voltages  of  600,  750,  i  200  and  i  500 
volts ;  recently  2  400  volt  installations  have  been  added 
and  additional  voltages  are  being  discus.sed.  Inn-ther 
\ariety  in  motor  ratings  and  design  has  been  brought 
about  by  the  introduction  of  field  control.  The  great 
saving  in  power  consumption  and  other  advantages 
secured  in  some  applications  by  the  use  of  field  con- 
trol is  recognized  by  some  operators,  while  a  large 
number  of  other  operators  prefer  the  lower  cost  of 
non-field-control  motors,  thus  making  necessary  the 
design  and  manufacture  of  both  field-control  and  non- 
field-control  motors  of  practically  all  sizes.  Another 
complication  has  been  introduced  by  the  low-floor  cars, 
while  at  the  same  time  the  use  of  previous  standard 
types  of  cars  is  being  continued,  making  it  necessary 
for  the  manufacturer  to  build  the  same  horse-power 
rating  for  the  old  standard  wheels  as  well   for  the 


K.VTING  OK  R.MLW.-VV   MOTORS 

It  is  generally  considered  advisable  and  has  been 
adopted  as  standard  practice  by  the  A.I.I'".F.  to  base 
railway  motor  ratings  and  applications  on  temperature 
rises  considerably  higher  than  is  customary  with  other 
machines.  It  is  considered  that  the  saving  in  car 
weight,  more  than  off-sets  the  additional  expense  for 
maintenance  due  to  the  more  rapid  deterioration  at 
higher  temperatures.  The  practice  imposes  rather 
.severe  conditions  on  the  designer  as  high  temperatures 
cause  expansion  and  contraction  of  the  motor  parts,  as 
well  as  slight  permanent  shrinking  of  the  insulating 
parts,  all  of  which  makes  necessary  proper  provisions 
to  prevent  looseness  and  consequent  damage  of  motor 
parts,   especially   the  windings. 

Another  complicating  condition  is  the  fact  that 
a  number  of  ratings  are  to  be  considered  in  connec- 
tion with  each  nominal  rating.  While  most  other 
electrical  machines  either  have  continuous  ratings  or 
short-time  ratings,  it  is  customary  to  give  railway  mo- 
tors a  continuous  rating  in  amperes  at  several  volt- 
ages, one-hour  ratings  usually  at  two  voltages*   and. 


♦Continued  from  Novcm1)cr.   1914,  issue. 


♦The  attempt  of  the  latest  .^.  I.  E.  E.  rules  to  standard- 
ize on  a  single  voltage  (600  volts)  is  very  much  to  be 
welcomed. 
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in  addition,  several  very  severe  short-time  overload 
ratings  are  often  requested.  With  regard  to  the  con- 
tinous  ratings,  it  is  necessan,-  not  only  to  consider  the 
results  which  should  be  obtained  on  the  stand  test,  but 
it  is  further  necessan,-  to  design  the  motor  so  as  to  get 
best  results  in  actual  senice  where  the  conditions  of 
speed  and  ventilation  of  the  motor  are  different  from 
the  conditions  existing  during  the  customary-  and  ap*- 
proved  continuous  run  tests  on  the  stand.  Since  all 
of  these  ratings  are  governed  by  different  laws  and 
depend  largely  upon  the  distribution  of  the  various 
losses  in  the  motor,  it  is  difficult  to  design  motors  so 
as  to  get  best  results  for  all  ratings. 

From  a  purely  engineering  view  point  it  would  be 
advisable  to  give  primary  consideration  to  the  con- 
tinuous rating  of  the  motor  under  service  conditions 
and  to  see  in  addition  that  the  motor  can  stand  the 
customary  service  overloads.  This  practice  is  usually 
followed  in  cases  where  detail  studies  of  the  senice 
conditions  are  possible.    In  many  cases,  it  is  not  feasi- 


a  minimum  weight  of  motor.  The  designer  is,  there 
fore,  confronted  by  the  difficulty  of  choosing  the  speed 
for  a  few  standard  motors  so  as  to  cover  a  large  range 
of  applications  with  these  motors  witliout  handicap- 
ping any  of  the  applications  to  any  extent  with  regard 
to  power  consumption,  etc.  The  layout  of  ratings  and 
speeds  for  non-field-control  motors  given  in  Table  I, 
covers  the  range  of  applications  for  line  voltages  up 
to  I  500  volts. 

If  field-control  motors  are  applied  for  the  same 
purpose,  in  order  to  accomplish  the  desired  saving  in 
power  consumption  they  should  have  a  full-field  speed 
below  that  of  the  standard  non-field-control  motors. 
In  general,  it  will  be  found  that  the  saving  in  power 
consumption  will  be  the  larger  the  lower  the  speed  at 
full  field.  But  here  again  it  is  necessary-  to  com- 
promise to  some  extent  because  a  verj-  low  speed  at 
full  field  means  large  increase  of  flux  calling  for  heavy 
sections  in  the  motor  frame  and  consequent  heavy  mo- 
tor weight.     Going  too  far  in  this  direction   would. 


TABLE  I— RAILWAY    MOTOR   R-\TIN"GS  AND  SPEEDS 


Line  voltage 600                                       750                                      1200                                      1500 

Rated  motor  voltage 600                                       750                                       600                                       750 

Horse-power    ^P™"      Horse-power     ^P"-       Horse-^wer     ^P™-      Horse-^wer 

R.p.m.   , 

City  service ,^^  ^    2^   '  600  to  690     i\%  ^°    -?^    600  to  690 

V-ll  J     ^,J  Y.I.C                                                                            ^^j    ^^       .^j       UUV  lU   K3J\J         (33   J.Q        ^  3J       UUU    lU   O^U 

i  Mixed  cit>- and  suburban  service    /^q  J°    93,    600  to  775     (go  t°    931    600  to  775 

45  to    70     f-i^  ^„  — -      45  to    70 
(60  to    93)    o""to"3     (60  to    93) 

45  to  135     f^f^  .    o-n     -15  to  135 
(160  to  180)    ""^  "  ^^"    (60  to  180) 

600to  775 

Interurban  ser\ice ,f^  *°  Jo^^    660  to  850     1^  IZ  1  em    660  to  850 

660  to  850 

(60  to  ISO)                          (60  to  ISO)             "  °-'" 

Elevated  and  subway  service. .     ,93  *°  ^!^^    600  to  850 

Passenger  locomotives* ^^j^O  to  260     ^  ^^  ^.^  ^130  to  260^    ^  ^^  ^.^ 

Freight  locomotivest .  .                  ,^^  '°  \^^     '75  to  600     rjn  ^^  9ini    '75  to  600 

130  to  260     ,rnn  »„  e-n     130  to  260 
(175  to  350)    600to8o0   (1-5^0350) 

30  to  180     ,--  ^„  ^r^      30  to  180 
(  40  to  240)    -'3  to  ouu     ^^  ^^  ,^^ 

600toS5C 
775  to  600 

*These  figures  reier  only  to  nose  suspended  geared  motors.     Xumerous  other  ratings  and  speeds  are  possible  with  other  r>-pes  of 
motor  suspension. 

tMine  locomotives  and  the  like  are  not  considered. 

ble  to  consider  the  service  conditions  verj-  much  in 
detail,  principally  because  the  operating  companies  are 


therefore,  mean  that  tlie  increased  motor  weight  might 
nullify  the  gain  made  by  too  large  a  decrease  in  the 
speed.     Another  point  to  be  considered  in  this  con- 


not  in  a  position  to  furnish  the  data  on  which  an  in- 
vestigation could  be  based.  In  such  cases,  it  is  best  to 
take  the  safe  side,  select  a  motor  of  ample  capacity      full  field  and  the  short  field  and  their  respective  speeds 


nection  is  that  the  larger  the  difference  between  the 


and  guarantee  the  continuous  ratings  on  the  stand 
test.  While  such  a  rating  is  not  as  true  a  guide  as 
the  actual  service  rating,  tlie  manufacturer  must  see 
that  he  makes  good  on  the  stand  test  as  regards  rating, 
as  long  as  this  is  the  method  of  sizing  up  the  motor. 


the  larger  will  be  the  current  rush  when  changing 
over  from  full  field  to  short  field.  Too  large  current 
rushes  are  not  only  undesirable  because  they  strain 
the  motor  and  the  electrical  equipment  in  the  car,  as 
well  as  the  gears,  but  also  because  thev  would  defeat 


Again,  a  number  of  operators  are  not  much  interested     one  of  the  main  purposes  for  using  field-control  mo- 
in  the  continuous  ratings  of  the  motor  but  rather  pre-     tors,  namely,  the  avoiding  of  large  current  peaks.     In 

most  cases  a  difference  of  about  20  to  35  percent  be- 
tween the  full-field  and  short-field  speeds  of  a  field- 
control  motor  at  the  one  hour  rating  seems  to  be  the 
best  all  around  compromise. 


fer  to  buy  motors  by  the  nominal  one-hour  rating,  and 
for  this  reason  it  is  necessan,-  for  the  manufacturer  to 
design  his  motors  to  get  as  high  an  hourly  rating  as 
possible. 

MOTOR  SPEED 

Different  operating  conditions  and  different  kinds 
of  ser\-ice  require  motors  of  different  speeds  in  order 
to  give  minimum  power  consiunption  combined  with 


EFFICIEXCY  .\ND  LOSSES  OF  MOTOR 

A  high  efficiency  in  the  railway  motor  is  desirable, 
as  in  any  motor,  but  there  are  a  nimiber  of  reasons 
which  make  it  inadvisable  to  give  the  question  of  effi- 
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ciency  too  much  weight.  Higli  efficiency  means  large 
and  heavy  motors  and,  in  many  cases,  it  might  occur 
that  the  addition  of  a  certain  motor  weight  to  make 
a  small  gain  in  efficiency  would  be  bad  engineering  be- 
cause the  gain  in  motor  efficiency  might  be  more  than 
outweighed  by  the  power  consumption  necessary  for 
hauling  the  extra  weight.  It  should  further  be  con- 
sidered that  a  reduction  of  efficiency  caused  by  in- 
creased ohmic  resistance  in  the  motor  does  not  mean 
very  much,  especially  in  city  service,  because  there  the 


motor  is  operated  a  large  part  of  the  time,  and  espc^ 
cially  during  the  periods  of  large  currents,  with  ex- 
ternal resistance  in  circuit  anyhow,  and  because  the 
resistance  losses  in  the  motor  itself  are  relatively  small. 
It  is  somewhat  different  with  the  core  losses  of  the 
motor  which  constitute  a  source  of  power  consumption 
which  can  always  be  reduced  by  keeping  the  core 
losses  of  the  motor  low,  as  far  as  this  can  be  done 
without  materially  increasing  the  weight  and  size  of 
the  motor. 


Fireproof  Compartments  for  High-Tension  Oil 

Circuit   Breakers 


S.  O.   H.A.VES. 


To  OPERATORS  and  designers  of  power  plants, 
the  possibility  of  fire  due  to  the  leaking  or 
blowing  out  of  oil  from  the  tanks  of  electro- 
lytic lightning  arresters,  as  well  as  oil  circuit  breakers, 
makes  the  question  of  separate  fireproof  enclosures 
for  such  api^aratus  of  very  considerable  interest. 

The  standard  practice  of  the  large  operating  com- 
panies as  well  as  the  recommendations  of  the  manu- 
facturers of  electrolytic  lightning  arresters  is  not  to 
place  the  steel  tanks  containing  the  electrolytic  cells  in 
separate  masonry  compartments  as  the  number  of 
failures  of  such  arresters  resulting  in  the  o]icning  u;) 


capacity  plants  of  any  voltage,  a  t\pical  cxam[)lc  of 
such  a  plant  being  the  installation  of  the  Electrical 
Development  Company  of  Ontario  at  Niagara  Ealls 
and  also  at  the  Toronto  substation.  In  this  plant  the 
12  ooo  volt  and  also  the  60000  volt  apparatus  is  placed 
in  masonry  compartments,  but  this  was  the  last  plant 
of  any  magnitude  in  America  that  used  enclosed  con- 
struction for  high  voltage  work.  Since  tliat  time  prac- 
tically all  engineers  have  come  to  the  belief  that  the 
open  construction  is  better  for  any  voltage  higher  thau 
that  for  which  the  generators  can  be  convenientlv" 
wdund. 


FIG.     I — OUTDOOR    ELECTROLYTIC    LIGHTNING  .ARRKSTRRS   WITHOUT  TvNa.OSIN'G  COMPARTMKNTS 

Installation  of  tlie  Housatonic  Power  Co. 


of  the  outer  casing  has  been  so  very  small  that  fire- 
proof enclosures  ha\e  not  seemed  to  be  warranted. 

Relative  to  the  use  of  fireproof  compartments  in 
connection  with  oil  circuit  Isreakers,  the  ])rescnt  stand- 
ard practice  in  large  capacity  alternating-current 
plants  of  13000  volts  or  less,  with  generators  con- 
nected directly  to  the  bus-liars  is  to  emi^loy  masonry 
compartments  and  cellular  construction  for  the  oil 
circuit  breakers  and  bus-bars,  as  the  current  that  can 
be  developed  on  a  short-circuit  is  limited  onl\-  hv  the 
reactance  of  the  generators  and  reaches  such  enormous 
proportions  that  every  precaution  has  to  be  taken  to 
prevent  trouble  from  spreading  if  it  ever  starts. 

At  one  time  certain  engineers  were  of  the  opinion 
that  the  cellular  construction  should  be  used  for  large 


The  writer's  personal  reasons  for  recommending' 
tlie  o]jen  system  or  wiring  in  such  cases  are  as  fol- 
lows : — 

I — For  the  same  kilovolt-ampere  capacity  back  of 
an  arc.  the  current  established  is  approximately  in- 
versely i^roportional  to  the  voltage  and.  consequently, 
the  violence  of  the  arc  and  its  destructive  effects  are- 
less  on  a  lii.gh  voltage  than  on  a  low  voltage  system. 

2 — The  distance  from  wiring  to  ground  has  to 
be  gre:itly  reduced  from  what  could  be  obtained  with 
open  wiring  in  the  same  space,  as  the  conductivity  of 
the  fireproof  barriers  is  sufficiently  good  to  permit 
large  currents  to  fiow  with  high  voltages  in  case  of  an; 
arc  or  dead  .ground. 


THE  ELECTRIC  J0UR1\'AL 


3 — A  more  expensiAe  building  and  a  more  costly 
construction  are  usually  needed  for  enclosed  bus  bars 
and  wiring  than  are  required  for  open  wiring  in  high 
voltage  plants. 

4 — Inspection  and  repairs  are  more  difficult  where 
bus-bars,    wiring,    disconnecting   switches    and   similar 


FIG.   2 — .\X    IXSTALL.^TION    OF    CO.MPLETF-LY    ENCLOSED    Oil-    CIRCUIT 
BRE.^KERS    AND    BUS-BARS 

The  13200  volt  equipment  of  the  Louisville  &  Interurban 
Railway  Company. 

appliances  are  boxed  in  by  masonry  compartments  and 
the  conductors  are  visible  and  accessible  only  by  the 
removal  of  doors. 

5 — Inspection  will  be  more  frequent  and  thor- 
ough, and  incipient  trouble  will  be  noted  far  sooner 
with  open  wiring  than  with  enclosed,  as  the  station  at- 
tendant can  see  everything  in  a  few  minutes'  walk  and 
will  not  have  to  remove  many  doors  and  visit  two  or 
three  floors  to  examine  the  condition  of  the  apparatus. 

BLOWING  OF   OIL 

The  question  of  the  blowing  of  oil  from  an  oil 
circuit  breaker  is  one  that  is  looked  upon  with  varying 


FIG.    3 — OIL    CIRCUIT    BREAKERS    INSTALLED    WITH    .\LL    THREE 
POLES    IX    ONE   COMP.\RTMENT 

Edison  Electric  &  Illuminating  Company,    Lancaster.    Penna. 

degrees  of  importance  by  different  operating  engi- 
neers. Some  operators  seem  to  feel  that  if  an  oil 
circuit  breaker  throws  any  oil  whatever,  even  under 
the  worst  conditions  of  short-circuit,  that  such  a  cir- 
cuit breaker  is  not  satisfactory,  while  other  engineers 
go  to  the  other  extreme  and  feel  satisfied  with  an  oil 


circuit  breaker  that  will,  in  every  case,  open  up  the 
circuit  even  if  it  throws  a  large  amount  of  oil  or  is 
actually  destroyed  by  opening  the  circuit.  Somewhere 
between  these  two  limits  is  probably  the  best  stand  and 
the  writer  believes  that  an  oil  circuit  breaker  shou'd 
be  considered  satisfactory  if  it  can  be  guaranteed  to 
open  up  any  amount  of  current  the  system  can  pass 
through  it  during  a  short-circuit,  provided  that  it  will 
be  re-operative  immediately  without  the  necessity  of 
inspection  or  repairs,  notwithstanding  the  fact  that 
it  may  throw  a  considerable  amount  of  oil  under 
such  short-circuit  conditions.  While  the  circuit 
breaker  should  be  immediately  re-operative  without  the 
necessity  of  inspection  or  repairs  these  are  highly  ad- 
visable at  the  earliest  possible  moment  after  the  short- 
circuit. 

It  is  hardly  practicable  from  a  cost  point  of  view- 
to  install  on  a  large  system  circuit  breakers  that  can 
be  guaranteed  not  to  throw  any  oil  whatsoever  even 
under  the  most  severe  conditions  of  short-circuit.  But 
circuit  breakers  should  be  supplied  that  can  be  guaran- 


FIC.    4 — AX    EXAMPLE    OF    RECENT    PR.\CTICE 

Equipment  of  1 10  000  volt  oil  circuit  breakers  without  any 

enclosing  compartments. 

teed  to  be  reclosable  immediately  after  any  short- 
circuit,  notwithstanding  the  fact  that  they  may  have 
thrown  a  certain  amount  of  oil  as  a  result  of  this 
short-circuit.  The  amount  of  oil  left  in  the  circuit 
breaker  after  such  a  short-circuit  should,  of  course,  be 
ample  to  insure  the  satisfactory  opening  of  the  circuit 
breaker  in  case  of  a  subsequent  short-circuit  before 
there  has  been  an  opportunity  to  replace  the  oil  that 
was  blown  out. 

The  amount  of  oil  actuallj'  thrown  by  a  fir.st  class 
circuit  breaker  used  within  its  guaranteed  capacity 
rating  is  extremel)'  slight  and  could  hardly  be  con- 
sidered as  a  fire  risk.  The  amount  is  much  magnified 
in  appearance  due  to  the  fact  that  a  slight  amount  of 
oil  blown  out  on  a  concrete  floor  has  a  tendency  to 
spread  over  a  considerable  area,  thus  giving  the  im- 
pression that  the  amount  thrown  out  was  far  greater 
than  was  actuallv  the  case. 


The  Electrolytic  Insulation  of  Aluminum  Wire 
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COPPER  has  always  been  the  most  largely  u.sed 
metal  for  the  conduction  of  electric  current 
on  account  of  its  relatively  low  cost;  its  high 
conductivity;  its  sujierior  mechanical  characteristics; 
and  the  ease  with  which  it  may  be  worked.  For 
equal  resistances  and  equal  lengths  of  conductors,  the 
cost   of  different   kinds   of   metallic   wires   would   be 


'.<;  get  a  higher  space  efficiency,  so  far  as  the  conduct- 
ing material  is  concerned,  in  a  coil  with  aluminum 
than  with  copper,  even  when  the  thinnest  possible  in- 
sulation is  applied  to  the  co]iper.  The  extreme  thin- 
ness of  this  insulating  coating  on  an  aluminum  coil  is 
indicated  in  Fig.  i.  The  skin  or  thin  layer  of 
natural    o.xide    which      is    so     objectionable     in      the 


per  is  taken  as  the  unit.     It  will  be  seen  that  where 
the  s])ace  occupied  b\-  the  conductor  is  not  a  govern- 

T.VBI.E  I— COMI'.\H.\TIVE  CCSTS  AND  CI^OSS-SECTIONS  OF 
DIFFERENT  METALS. 


Cost  of  Equal 

Cross-Section     | 

Mvtal 

He!>istance  per 

for  Equal 

) 

Unit  Length 

Conductivity 

Iron 

0.46 

6.1 

Aluminum. . 

0 .  67 

1.0 

Copper... 

1. 00 

1.00 

'     Zin<- 

I.O.'i 

:(.0 

I.rad. 

4.30 

12.0 

Tin. 

17.00 

6.0 

Nickel 

29.3 

7.9 

Silver 

64.2 

0.95 

approximately  projOTrtional  to  the  product  of  the  spe-  soldering  of  aluminum  is  a  non-conductor  of  high 
cific  resistance  and  the  cost  of  the  metal  per  unit  dielectric  strength  and  for  several  years  engineers 
volume.  At  present  on  this  basis,  iron  and  aluminum  have  been  trying  to  strengthen  the  film  of  oxide  so 
would  be  cheaper  than  co[)per.  When  the  problem  that  it  could  take  the  place  of  the  fibrous  insulation 
is  that  of  getting  the  maximum  conductance  in  a  ordinarily  used  on  copper  wire.  Robert  Hopfelt  and 
given  space,  silver  is  the  only  metal  which  is  better  others,  in  1906  and  1907,  showed  that  coils  of  bare 
than  copper,  but  the  cost  of  this  metal  is  prohibitive  aluminum  wire  could  be  used  to  wind  magnet  coils, 
in  practically  all  applications  of  this  nature.  solenoids,    etc.     The    wire    after    being    wound    was 

The  relative  costs  of  a  number  of  the  more  com-  soaked  in  water  and  then  heated  by  passing  current 
mon  metals  for  equal  resistances  and  equal  lengths  through  the  coil.  This  process  would  form  an  oxide 
of  conductors,  also  the  relative  cross-sections  for  equal  said  to  withstand  a  potential  of  0.5  volt,  and  if  formed 
conductances,  is  given  in  Table  1.     In  both  cases  cop-      between  all  adjacent  turns  of  the  layers  of  the  winding 

and  with  insulation  between  layers,  this  type  of  coil 
could  ])C  used  as  an  economical  substitute  for  cop])er 
coils. 

Karly  in  1907  the  authors  devised  a  method  of 
strengthening  the  coating  by  means  of  an  electrolytic 
action  wliich  produced  a  coating  of  many  times  the 
dielectric  strength  of  the  coatings  which  had  been  ob- 
tained by  former  methods.  It  was  found,  however,^ 
that  this  successful  production  of  an  insulating  coat- 
ing which  would  withstand  a  potential  of  500  volts 
and  which  proved  to  be  exceedingly  thin  and  which 
ing  factor  either  iron  or  aluminum  will  be  cbeajier  was  indestructible,  so  far  as  temperature  is  concerned, 
than  copper,  and  both  of  these  metals  are  fretpiently  was  but  the  first  stage  in  a  research  looking  to  the  pro- 
used  for  the  transmission  of  current  on  pole  lines,  etc.  duction  of  commercially  satisfactory  coils  for  elec- 
In  the  construction  of  electrical  machinery,  space  trical  apparatus.  It  was  found  that,  in  the  problem  as 
is  usually  a  governing  factor,  and  copper  has  been  a  whole,  there  were  involved — the  question  of  making 
found  more  suitable  in  every  way  than  the  other  met-  joints  in  the  wire  itself;  the  question  of  joining  leads 
als.  Copper,  however,  requires — for  coil  work — a  to  the  aluminum  wire  which  could  be  satisfactorily 
certain  amount  of  insulation  having  a  definite  thick-  soldered;  the  (luestion  of  winding  the  coils,  which 
ness  (depending  upon  the  conditions  of  application),  were  found  to  require  diff'erent  treatment  from  the  or- 
and,  consequently,  in  the  average  coil  the  total  per-  dinary  coils;  the  question  of  securing  proper  grades 
centage  of  copper  in  the  cross-section  of  the  coil  is      of  wire;  and  many  other  details. 

reduced  by  the  insulation  recjuirements.    In  coil  wind-  It  is  well  known  that  aluminum  as  an  anode  in 

ing,  the  thickness  of  the  insulation  on  individual  turns  the  solutions  of  certain  salts,  polarizes  or  films  willi  a 
does  not  vary  greatly,  regardless  of  the  size  of  wire  coating  which  tends  to  ])revent  the  flow  of  current 
used.  Conseijuently.  the  ratio  of  copper  to  insu-  from  the  electrode  to  the  electrolyte.  The  polarization 
latioii  decreases  rapidly  as  the  size  of  wire  is  reduced,  xoltage  between  the  electrolyte  and  aluminum  builds 
It  is  evident  that  any  gain  in  the  efficiency  of  up  to  a  certain  critical  value,  dependent  upon  the  .salt 
the  conducting  material  must,  therefore,  be  obtained  dissolved,  the  density,  temperature,  former  history  of 
by  increasing  the  conductivity  or  decreasing  the  thick-  the  solution,  etc.  Several  explanations  of  the  nature 
ness  of  the  insulation.  The  authors  have  found  that  and  cause  of  this  action  have  lieen  jnit  forth  at  various 
it  is  possible  to  ]iroduce  an  insulating  coating  on  the  limes.  One  theory  assumes  it  to  be  a  counter  e.m.f. 
surface  of  aluminum  wire  which  is  so  extremely  thin  i)r()duccd  by  charge  similar  to  the  action  in  the  storage 
that  on  many  of  the  smaller  sizes  of  wires  it  is  possible      battery.     Another  theory    states    that    a    gas    film    is 
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formed  between  the  metal  and  the  oxide  film  which 
is  under  high  pressure  because  of  the  electrostatic  at- 
traction and  therefore  of  high  dielectric  strength.  The 
action  of  the  film,  however,  seems  to  indicate  a  film 
of  alumina  which  is  very  thin,  of  high  dielectric 
strength  and  high  specific  capacitance.     Xascent  oxy- 
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FIG.    I — CROSS-SECTION    OF   AN    ALUMINUM    COIL 

Showing  the  relatively  small  ratio  of  insulation  to  metal. 

gen  formed  by  the  passage  of  current  from  any  hole 
or  local  weak  area  of  the  o.xide  film  would  oxidize 
more  metal  at  that  point  and  increase  the  thickness  of 
the  insoluble  compound.  In  this  way  the  film  is  built 
to  a  uniform  strength  all  over  the  surface  of  the  anode. 
After  such  a  film  is  formed  the  anode  may  be  with- 
drawn from  the  electrolyte,  washed,  and  when  dry 
will  be  found  to  have  a  dielectric  strength  approxi- 
mately equal  to  the  voltage  at  which  it  was  formed. 
This  film,  after  drying,  is  the  same  as  the  insulation 
now  used  on  the  bare  aluminum  wire.  The  develop- 
ment of  this  process  of  insulating  wire  w'ent  through 
several  stages,  some  of  which  will  fie  covered  briefly. 

PROCESS   OF   INSULATING 

Coils  wound  and  then  treated  by  water  and  heat 
were  found  to  be  full  of  short-circuits  unless  wound 
rather  loosely  and  carefully.  So  from  the  first  it  was 
thought  that  the  wire  should  be  insulated  before  wind- 
ing. The  first  process  of  insulating  by  electrolysis 
consisted  in  winding  the  wire  into  skeins,  dipping  them 
into  the  electrolyte,  and  after  treatment  and  subse- 
quent washing,  the  wire  was  wound  into  finished  coils. 
This  method  was  rather  expensive  because  of  the  ad- 
ditional handling,  rewinding  and  the  great  amount  of 
power  required  for  treatment.  To  pre\ent  arcing  and 
consequent  roughening  of  the  wire,  the  current  had 
to  be  fed  into  the  skein  through  the  two  ends.  The 
,area  of  fresh  wire  presented  to  the  electrolyte  was 
large  and  a  high   current  density  could  not  be  used 
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FIG.    2 — OXF,    OF    THK    F.XPERIMF.XTAL    SCHEMES    IN     THE    TRE.\T- 
ME;,T   OF   .\LUMINUM    WIRE 

because  the  leads  of  the  skein  would  be  fused  with 
the  high  current.  The  film  therefore  had  to  be  formed 
slowly  with  an  increased  expenditure  of  energy  and 
time.  In  the  subset|uent  development  continuous  meth- 
ods were  employed  in  which  the  wire  as  an  anode  was 
drawn  through  a  bath  of  electrolvte.    In  the  first  con- 


tinuous process  the  wire  was  drawn  into  and  out  of 
the  bath  over  wooden  sheaves  and  the  current  fed  into 
ihe  wire  with  a  sliding  or  rolling  brush  at  the  entering 
end.  The  greatest  difficulty  with  this  arrangement 
was  that  the  contact  which  fed  the  current  to  the  wire 
was  continually  sparking  which  rounghened  and  burnt 
the  surface.  Also,  the  current  being  fed  into  the  wire 
from  the  untreated  end  gave  the  highest  voltage  be- 
tween wire  and  electrolyte  at  the  point  of  first  contact. 
If  the  current  could  have  been  fed  in  from  the  out- 
going end  the  resistance  drop  through  the  wire  would 
have  lowered  the  potential  between  electrolyte  and 
wire  at  the  incoming  end.  The  next  improvement 
upon  this  was  to  first  lead  the  wire  as  a  cathode 
through  the  bath.  This,  however,  made  the  wire  pass 
through  an  additional  bath.  Fig.  2.  In  this  case  the 
commutation  of  the  current  was  satisfactory  hut  the 
high  voltage  at  first  contact  still  gave  trouble.  The 
travel  of  the  wire  was  reversed  in  some  tests  which 
gave  a  drop  through  the  wire  and  increasing  voltage 
during  the  iiassing  through  the  bath.     This,  however. 


FIG.    3 — SUBSEQUENT    SCHEME,    REPLACING    THAT    OF    FIG.    2 

made  the  wire  pass  through  the  last  bath  as  a  cathode 
after  it  had  been  insulated.  In  the  third  method  the 
\  oltage  between  wire  and  solution  at  the  first  point  of 
contact  was  lowered  by  ha\'ing  a  resistance  drop  in  a 
column  of  electrolyte  flowing  from  the  bottom  of  the 
treating  tank,  Fig.  3.  Another  method  consisted  in 
drawing  the  wire  several  times  around  a  large  lamina- 
ted core  in  which  an  alternating  flu.x  was  maintained. 
By  this  method  two  wires  entered  at  low  \oltage  and 
the  potential  increased  with  each  turn  around  the  core. 
In  all  of  the  above  continuous  methods  of  treat- 
ing, the  wire  was  hardened  by  the  passage  around  so 
many  sheaves  so  that  a  straight  through  method  as 
shown  in  Fig.  4  was  tried  and  found  to  give  very  sat- 
isfactory results.  Five  tanks  arranged  in  a  straight 
line  were  used.  The  first  and  last  contained  hot  water 
for  washing  and  the  middle  three  electrolyte.  The 
wire  passed  from  tank  to  tank  through  glass  tubes  and 
the  solutions  were  kept  apart  by  blowing  air  through 
a  tube  sealed  to  the  center  of  the  connecting  tubes.  In 
this  method  there  was  again  no  column  of  electrolyte 
at  the  point  of  entrance  and  it  was  at  first  necessar)' 
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to  form  llie  coating  in  two  steps,  of  200  and  400  volts 
resp(.'cti\ely.  This  was  superseded  by  the  present 
method  in  which  also  the  wire  goes  straight  through 
and  the  increase  in  voltage  is  again  established  through 
a  small  weir  and  si)()ut  through  which  the  wire  enters. 
This  latest  apparatus  has  the  additional  advantage  of 
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FIG.    4 — TIIK    PRE.SENT    METHOD    OF    PASSING    THE    WIRE    THROUGH 
THE   TRE.\TING   T.\NKS 

nllowing  the  removal  and  starting  of  the  wire  without 
threading  through. 

ELECTROLYTES 

Several  electrolytes  were  used  and  they  gave  quite 
•different  results.  The  principal  differences  were  the 
amounts  of  current  and  energy  required  to  bring  the 
wire  up  to  voltage  and  the  possible  speed  with  which 
the  wire  could  be  run  through  the  bath.  Solutions  of 
borax,  ammonium  borate  and  sodium  silicate  were  the 
best,  the  last  being  the  best  of  the  three. 

SPEED  OF  TREATING  AND  ENERGY  REQUIRED 

It  was  found  that  less  energy  was  required  per 
unit  of  surface  if  a  high  current  density  was  used,  and 
the  voltage  brought  up  quickly.  The  speed  and  cur- 
rent density  were  limited  in  the  case  of  small  wires 
by  the  fusing  of  the  wire  between  the  tanks,  and  with 
the  large  wires  by  the  limited  capacity  of  the  generator 
used  in  the  experimental  work.  The  speed  of  treating 
■wire  varied  from  40  to  150  feet  per  minute  for  the  dif- 
ferent sizes  of  wire  used  and  the  consumption  of  en- 
ergy was  from  0.15  to  0.80  watt-hours  per  square  inch 
of  surface  treated. 

PROrERTIKS   OF  THE  COATING 

The  insulation  formed  is  a  thin  film  of  alumina 
which  is  smooth  and  iridescent  or  abrasive  and  white. 
The  smooth  films  form  with  a  greater  expenditure  of 
energy  and  in  inferior  electrolytes.  The  white  film 
formed  in  sodium  silicate  at  about  425  volts  is  rather 
smooth  to  the  touch  but  so  abrasive  that  it  cuts  and 
grinds  the  hand  while  coil  winding.  In  some  cases 
this  treated  wire  running  through  the  hand  of  the 
winder  has  cut  into  the  flesh  before  discovery. 

The  dielectric  strengtli  is  far  superior  to  the  oxide 
coat  formed  by  the  former  methods,  for  instead  of 
standing  a  maxinuini  of  0.5  volt,  two  wires  eleclrol\t- 
ically  treated  and  twisted  tightly  together  without  abra- 
sion will  stand  from  200  to  500  volts. 

The  thickness  of  the  film  is  apparently  variable. 
Tests  of  change  in  diameter  of  wire  before  and  after 
treating  and  tests  of  reduction  in  metal  section  by  re- 
sistance measurements  before  and  after  treating  show 
the  coating  to  be  from  o.oooi  to  0.0004  inch  thick. 

On  account  of  the  thinness  of  the  film  it  is  quite 


(lexilile  and  does  not  open  or  apiircciably  weaken  by 
shar])  bends  and  kinks  in  the  wire.  Soft  wire  can  be 
stretched  30  ])ercenl  of  its  length  apparently  without 
injuring  the  insulation.  Two  wires  at  a  potential  dif- 
ference of  250  volts  can  be  crossed  and  pressed  to- 
gether at  the  intersection  until  the  wires  are  dented 
to  such  an  extent  that  the  intersection  is  no  thicker 
than  a  single  wire.  1  f  tliere  is  no  relative  motion  be- 
tween the  surfaces  in  contact  the  insulation  will  not 
break  down  but  the  slightest  movement  of  one  of  the 
wires  w'ill  cause  a  grinding  between  the  surfaces  which 
will  at  once  cause  a  short-circuit. 

Tiie  insulating  coating  is  fire-proof  and  has  suffi- 
cient strength  mechanically  to  support  the  w-ire  in 
small  coils  when  the  metal  is  above  the  melting  point. 
.Small  coils  run  with  the  wire  molten  will  fall  to  pieces 
if  the  current  is  suddenly  stopped,  but  if  it  is  gradually 
lowered  the  metal  will  solidify  and  remain  intact. 

.\PPLICATION  OF  THE  WIRE 

Electrolytically  insulated  aluminum  wire  is  suit- 
able for  many  classes  of  work  requiring'wires  of  rela- 
tively small  size  where  the  insulation  requirements  arc 
not  excessive  and  particularly  where  temperature  re- 
quirements are  severe.  The  very  small  sizes.  No.  30 
B  &  S  gage  and  smaller,  cannot  be  satisfactorily  used 
on  account  of  the  difficulty  in  drawing  the  wire  and  in 
subse(|uent  handling.  In  the  very  large  sizes  there 
is  no  ad\  antage  in  the  use  of  aluminum  wire  where  the 
space  is  restricted.  This  wire  has  been  found  partic- 
ularly advantageous  for  use  in  coils  which  require 
light  weight  and  which  are  subjected  to  relatively  high 
temperatures,  provided  the  insulation  requirements  on 
the  individual  wires  are  not  excessive.  The  weight 
of  an  aluminum  wire  coil  is  from  40  to  50  percent  of 
tliat  of  the  equivalent  copper  coil,  as  indicated  in  l-"ig. 
5.  The  thermal  capacities  of  the  two  types  of  coils 
are  practically  the  same  and  the  temperature  co-effi- 
'.  ieiits   are  equal.     The  heat  dissipation   through   the 


FIG.    5 — REI..\TIVE    WEIGHTS    OF    ALUMINUM    AND    COPPER    COILS    Of 
THE    SAME    SI-'E    AND   AMPERE-TURNS 

aluminum  coil  is  found  to  be  slightly  better  than  the 
et|uiva!ent  copper  coil. 

W  hile  this  new  wire  has  limitations,  it  has  a  de- 
cided sphere  of  usefulness,  which  will  probably  be 
greatly  extended,  particularly  if  the  ratio  between  the 
base  prices  of  aluminum  and  copper  is  decreased. 


Switchboards  for  Frequency-Changer  Sets 
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FREQUENCY-CHANGER  sets  are  used  where 
alternating-current  power  is  required  of  a  dif- 
ferent frequency  from  that  which  is  available, 
and  for  connecting  systems  of  different  frequencies. 
In  American  practice,  the  most  common  frequencies 
are  25  and  60  cycles.  For  electric  railway  work,  15 
cycles  has  occasionally  been  used. 

The  frequency-changer  may  consist  of  an  induc- 
tion motor  and  a  synchronous  generator,  or  a  syn- 
chronous motor  and  synchronous  generator,  The  lat- 
ter combination  is  reversible  without  a  change  in  fre- 
quency in  either  system.  With  an  induction  motor  on 
the  driving  end,  reversal  of  conversion  can  only  take 
place  by  a  change  in  the  frequency  of  the  two  sys- 
tems. A  relative  drop  of  frequency  of  the  system  to 
which  the  motor  is  connected  by  an  amount  equal  to 
twice  the  motor  slip  will  cause  the  motor  to  take  full 
load  as  a  generator.  This  results  in  the  induction  mo- 
tor being  driven  above  synchronism  and  then  operat- 
ing as  an  induction  generator.  Induction  motors,  like 
other  machines,  require  excitation  when  operating  as 
generators,  but  alternating  current  is  required  instead 
of  direct  current.  One  or  more  synchronous  machines 
must  be  feeding  into  the  same  system  to  provide  this 
excitation,  and  to  determine  the   frequency. 

For  a  station  containing  induction-synchronous 
frequency  changers  for  conversion  in  one  direction 
only,  the  switching  equipment  required  consists  of  the 
usual  auto-starter  switches  or  circuit  breaker  starters 
for  the  motors  and  the  same  kind  of  panels  for  the 
generators  as  would  be  used  if  they  were  driven  bv 
steam  or  water  power.  Excitation  may  be  provided  by 
a  direct-connected  exciter  for  each  generator,  or  a 
common  motor-driven  exciter  for  the  station.  If  one 
set  is  running  under  load,  its  speed  will  be  lower,  due 
to  motor  slip,  than  an  incoming  set.  After  being 
started  from  the  induction  motor  end,  the  incoming 
set  may  be  synchronized  with  the  bus-bars  in  three 
ways : — 

I — By  closing  the  generator  circuit  breaker  when  the  gen- 
erator is  momentarily  in  synchronism  with  the 
bus-bars. 

2 — By  opening  the  motor  circuit,  and  closing  the  gener- 
ator circuit  breaker  at  the  point  of  synclirouism.  as 
the  speed  gradually  approaches  the  speed  of  the  run- 
ning machine.  The  motor  circuit  is  then  closed.  This 
method  of  synchronizing  will  seldom  be  required. 

3 — By  providing  the  generator  with  a  reactance,  thrcugli 
which  the  generator  is  connected  to  the  bus-bars 
when  as  nearly  as  possible  in  synchronism.  This  lim- 
its the  first  rush  of  current  and  makes  the  generator 
take  the  load  in  two  steps,  the  second  step  being 
when  the  reactance  is  short-circuited  by  a  second 
switch.  By  proper  design  of  reactance,  the  generator 
can  be  made  self-synchronizing. 

The  incoming  set  will  divide  the  load  with  sets  al- 
ready running  in  proportion  to  the  slip  of  the  motors. 
The  use  of  induction  motors  with  wound  rotors  pro- 
vides a  means  for  dividing  the  load  between  two  sets, 
by  inserting  resistance  in  the  secondary  of  either  mo- 


tor. After  the  adjustment  of  the  resistor  has  once  been 
made,  no  change  is  required.  For  this  type  of  motor, 
the  auto-starter  is  replaced  by  an  oil  circuit  breaker  in 
the  motor  primary,  and  a  drum,  multiple  switch  or  con- 
tactor controller  in  the  motor  secondary. 

In  a  station  having  frequency-changer  sets  with 
synchronous  machines  on  both  ends,  provision  must 
be  made  so  that  the  fraiue  of  one  end  of  the  set  may  be 
rotated  slightly  with  respect  to  the  frame  of  the  other 
end.*  The  division  of  load  between  the  machines 
depends  on  the  phase  displacement  and  by  mounting 
one  frame  in  a  cradle  so  that  it  luay  be  rotated,  pro_- 
vision  is  made  for  adjusting  the  phase  displacement 
and,  therefore,  the  division  of  load  between  the  dif- 
ferent sets  that  may  operate  in  iiarallel. 

Due  to  the  different  numbers  of  poles  on  the  mo- 
tor and  generator,  the  chances  that  the  generator 
will  be  in  synchronism  with  the  generator  bus-bars  is 
a  variable.  For  a  25  to  60  cycle  set,  the  chance  that 
both  ends  will  be  in  synchronism  after  the  motor  has 
"locked  in"  is  one  in  five.  For  a  two  to  one  frequency 
conversion,  as  from  25  to  50  cycles,  the  generator  will 
always  be  in  synchronism  after  the  motor  has  locked 
in  with  the  lower  frequency.  For  25  to  62j4  cycles 
and  40  to  60  cycles,  the  chance  is  one  to  two.  With 
the  set  started  by  means  of  low  voltage  froiu  the  25 
cycle  end,  to  bring  the  generator  into  synchronisiu  for 
a  25  to  60  cycle  frequency  changer,  the  motor  panel  is 
provided  with  a  field  reversing  switch,  so  that  the  mo- 
tor can  be  made  to  "slip  a  pole"  until  the  generator  is 
in  synchronism.  It  will  be  necessary  to  slip  from  one 
to  four  poles,  depending  on  how  far  the  generator  is 
from  synchronism. 

^^'here  the  chance  of  synchronism  is  one  to  two, 
the  generator  will  either  be  in  synchronism,  or  180 
electrical  degrees  out  of  synchronisiu.  The  generator 
panel  in  this  case  is  provided  with  a  field-reversing 
switch.  If  the  generator  is  out  of  synchronism  with 
the  field  current  flowing  in  one  direction,  the  reversal 
of  field  polarity  will  correct  the  phase  relation  of  the 
generator  with  respect  to  the  bus-bars.  Other  ratios 
of  frequencies  may  require  that  both  luotor  and  gen- 
erator panels  be  provided  with  field-reversing 
switches. 

If  the  set  is  started  by  an  induction  motor  having 
two  poles  less  than  the  motor,  the  two  synchroscopes 
should  both  indicate  synchronism  when  the  motor  is 
connected  to  its  source  of  power  and  the  starting  mo- 
tor disconnected.  If  the  set  is  started  by  an  exciter  of 
sufficient  capacity  to  be  used  as  a  starting  motor,  the 
proper  speed  may  readily  be  secured  by  shunt  field 
adjustiuent. 

The  condition  of  synchronism,  as  above,  has  been 
on   the   assumption   of  no   phase   displacement,   or  in 


*See  the  Jourx.^l  for  Dec,  1913,  p.  i  295. 
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other  words,  the  generator  connected  to  the  bus-bars 
is  not  carrying  a  load.  A.  generator  under  load  has  a 
phase  displacement  due  to  the  impedance  of  the  gen- 
erator windings,  which  is  nearly  proportional  to  the 
load.  If  one  frequency  changer  is  connected  to  the 
bus-bars  and  running  without  load,  the  generator  syn- 
chroscope pointer  will  assume  a  vertical  position  when 
another  frequency  changer  has  the  proper  phase  rela- 
tions for  paralleling.  If  a  load  is  connected  to  the  gen- 
erator bus-bars  the  pointer  will  move  from  the  vertical 
position  and  will  indicate  "Fast,"  as  the  incoming  gen- 
erator is  without  load  and  has  no  phase  displacement. 
From  this,  an  indication  of  full-load  phase  displace- 
ment can  be  marked  on  the  synchroscope  dial.  If  the 
sets  are  all  of  the  same  size,  the  displacement  for  all 
will  be  approximately  the  same  for  similar  loads.  If 
the  sets  are  of  different  sizes,  an  arbitrary  scale  can 
be  used,  with  a  table  to  indicate  the  position  of  the 
pointer  for  different  loads  for  each  set.* 


FIG.    I — TYPICAL    KREOlJ!;.\CV-CH.\XGER    S\VITCHBO.\KD 

One  synclironoius  motor  panel  (at  left)  ;  one  generator 
panel,  and  tlirec  feeder  panels  (at  right).  The  motor  panel 
inclndes  an  amtncter  and  power-factor  meter;  a  motor  field 
rheostat  an<l  an  exciter  rheostat;  a  motor  field  switch  anii 
an  cil  starting  switch.  The  generator  panel  includes  an  am- 
meter and  a  voltmeter;  ammeter  switch  and  voltmet-'r  plugs; 
field  rheostat  and  field  switch  ;  synchronizing  plug  and  lamp ; 
and  generator  oil  switch.  Where  more  than  one  set  is  in- 
stalled in  a  station,  a  synchroscope  is  needed  in  addition  to  the 
extra  motor  and  generator  panels. 

The  above  discussion  gives  a  general  review  of 
the  rcc|uirenients  to  be  met  by  switching  equipment  due 
to  inherent  characteristics  of  a  frequency-changer  set. 
Local  conditions  deterniine  other  features,  .such  a.'^  the 
kilovolt-ampcre  rujituring  capacity  of  the  oil  circuit 
breakers  re(|uired.  The  layout  of  apparatus  as  out- 
lined below  will  cover  the  equipment  usually  required. 

*Thc  method  of  ohtaining  the  markings  for  the  synchro 
scope  dial,  and  also  a  chart  for  indicating  the  number  of 
poles  to  be  slipped  have  been  fully  described  and  illustrated 
by  N.  E.  Funk  in  the  Transactions  A.  I.  E.  E.  for  1913,  Vol. 
XXXII,  p.  I  713. 


(Jenerator  panels  are  provided  with  the  same 
equipment  as  though  tlie  generators  were  driven  by 
steam  or  water  power. '  .A  typical  panel  contains  an 
indicating  wattmeter,  alternating-current  ammeter,  am- 
meter switch,  voltmeter  receptacle,  synchronizing  re- 
ceptacle, field  ammeter,  field  switch,  field  rheostat 
mechanism  and  non-automatic  oil  circuit  breaker,  to- 
gether with  the  necessary  instrument  transformers.  If 
the  generator  end  is  used  as  the  starting  end  of  the 
frequency  changer  set,  provision  must  be  made  for 
auto-starter  switches  and  auto-transformers.  A  swing- 
ing bracket  or  panel  takes  care  of  the  alternating-cur- 
rent voltmeter  and  synchroscope. 

For  squirrel-cage  induction-motor-driven  sets  it  is 
only  necessary  to  provide  the  usual  auto-starter  equip- 
ment for  the  motor,  dieters  may  be  furnished  if  de- 
sired, but  arc  not  essential  as  the  operator  has  no  con- 
trol over  the  operation  of  the  set  that  is  not  provided 
for  l)y  the  equipment  on  the  generator  panel. 


FIG.  2 — RE.Mi  vn;w  01--  swiTciir.o.vRn  shown  in  fig.  i 

If  the  set  is  driven  by  a  wound-secondary  induc- 
tion motor,  a  i)rimary  oil  circuit  lireaker  and  a  second- 
ary controller  with  starting  (and  sometimes  also  regu- 
lating) resistance  is  used.  The  number  of  starting 
steps  in  the  secondary  control  depends  on  the  size  of 
the  set,  and  there  may  also  be  a  few  regulating  steps 
if  local  conditions  require  that  the  division  of  load 
between  dififcrent  machines  be  adjustable. 

If  a  separate  starting  motor  is  provided  in  order 
to  reduce  the  power  drawn  from  the  line  when  start- 
ing, additional  switching  must  be  provided  for  this 
motor.  After  the  set  is  up  to  speed,  the  niain  motor 
may  be  connected  directly  to  the  line. 

For  a  self-starting  synchronous  motor-dri\  en  set, 
the  motor  equipment  is  the  same  as  for  a  synchronous 
motor  for  any  service,  with  the  addition  of  a  field  re- 
versing switch  when  the  ratio  of  frequencies  is  such 
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that  it  may  be  necessary  to  make  the  motor  slip  a  pole 
to  bring  the  generator  into  synchronism.  In  addition 
to  the  auto-starter  switch  required  for  a  squirrel-cage 
induction  motor,  there  is  required  for  a  synchronous 
motor,  a  field  rheostat  mechanism  and,  as  explained 
above,  sometimes  a  double-throw  field  switch.  The 
standard  meter  equipment  is  an  alternating-current 
ammeter  and  a  field  ammeter.  When  used  for  power- 
factor  correction  in  addition  to  driving  the  generator, 
a  power-factor  meter  may  be  connected  into  the  circuit 
in  such  a  place  as  to  indicate  the  resultant  power- 
factor  of  the  load,  which  may  consist  of  industrial 
power  with  a  comparatively  low  power-factor,  rotary 
converters  for  railway  service  with  practically  unity 
power-factor  and  the  synchronous  motors  forming 
part  of  the  frequency  changer  sets.  A  power-factor 
meter  or  reactive  factor  meter,  or  other  meters  may  be 
included  in  the  meter  ecjuipment  for  the  motor  if  ad- 
ditional indications  of  the  motor  operation  are  desired. 

When  a  separate  starting  motor  is  used,  or  the 
set  is  started  from  the  generator  end,  synchronizing 
equipment  and  an  alternating-current  voltmeter  are 
required  for  the  motor  end  as  well  as  the  generator 
end  of  the  set. 

When  automatic  voltage  regulators  are  used  on 
synchronous  sets  to  maintain  generator  voltage,  it  is 
preferable  to  provide  a  different  source  of  excitation 


for  the  machines  of  each  frequency,  by  furnishing 
two  exciters  for  each  set,  or  two  separately  driven 
exciters  for  the  station  when  there  is  more  than  one 
set  in  the  station.  If  a  common  exciter  or  source  of 
excitation  is  used  in  connection  with  a  regulator  to 
maintain  constant  generator  voltage,  the  motor  power- 
factor  will  vary  with  the  load,  and  if  there  is  sufficient 
reactance  in  the  line  feeding  the  synchronous  motor, 
the  voltage  will  vary.  With  a  heavy  generator  load, 
tlie  exciter  voltage  will  be  higher  than  at  light  load, 
causing  the  synchronous  motor  to  take  a  leading  cur- 
rent from  the  line,  resulting  in  a  higher  voltage.  As 
the  generator  load  increases,  the  motor  requires  a 
higher  field  current,  but  the  increase  of  exciter  volt- 
age may  not  be  of  the  proper  amount  to  maintain  the 
desired  power-factor  at  the  motor  terminals.  This 
will  depend  on  the  reactive  load  on  the  generator  and 
the  characteristics  of  the  transmission  line  from  which 
the  motor  draws  its  power. 

If  the  synchronous  motors  are  to  be  used  for  volt- 
age regulation  by  means  of  power-factor  adjustment, 
it  is  necessary  that  separate  sources  of  excitation  be 
provided  for  the  motors  and  generators,  with  a  sepa- 
rate regulator  for  each  frequency.  If  separate  ex- 
citers are  provided  for  each  motor  and  for  each  gen- 
erator, they  may  operate  separately,  or  the  exciters  of 
each  group  may  operate  in  parallel. 


Polarity  of  Single-Phase  Transformers 


M.  A.  Smith,  Jr. 

Instructor  in  Electrical  Engineering, 

Trinity  College 


THE  TERM  polarity,  like  some  other  terms  of 
very  abstract  or  too  general  significance,  has 
come  to  be  used  in  a  sense  which  involves  its 
original  meaning  scarcely  at  all.  It  is  by  definition 
that  property  of  a  body  by  virtue  of  which  it  develops 
either  magnetic  poles  or  terminal  points  between  which 
there  exists  a  dift'erence  of  potential.  The  positive  or 
negative  poles  or  terminals  are  then  said  to  have  posi- 
tive or  negative  polarity  respectively ;  tliat  is,  the  term 
"different  polarity"  as  applied  to  separate  bodies  such 
as  transformers  is  a  misnomer,  it  being  applicable  only 
to  the  opposite  poles  or  terminals  of  an  individual 
body. 

In  operating  transformers  in  parallel  it  becomes 
necessary-  to  have  regard  for  the  instantaneous  polarity 
of  the  individual  terminal  or  tap ;  that  is,  those  ter- 
minals of  the  respective  transformers  with  regard  to 
which  the  instantaneous  voltages  are  in  phase  are  the 
correct  ones  to  connect  together  for  parallel  operation. 
These  terminals  may  or  may  not  be  similarly  located 
on  the  transformers  to  be  connected  together,  accord- 
ing to  whellier  or  not  they  are  made  by  the  same  man- 
ufacturer. When  there  is  such  a  difference  between 
two  transformers  it  mav  be  due  to  a  difference  in  the 


manner  of  bringing  out  the  leads  or  it  may  be  due  to 
the  fact  that  in  the  one  the  primary  and  secondary 
coils  are  wound  in  the  same  direction  about  the  core 
and  in  the  other  in  opposite  directions.  The  latter  is 
the  usual  reason  why  homologous  terminals  of  similar 
transformers  are  not  of  the  same  instantaneous  po- 
larity and  when  such  is  the  case  it  has  become  quite 
common  practice  to  state  that  the  two  transformers 
are  of  different  or  opposite  polarity.  And,  in  order 
to  be  more  specific  and  to  have  a  definite  basis  of 
comparison,  that  transformer  in  which  the  primary- 
and  secondar}'  are  wound  in  opposite  directions  on 
the  core  is  said  to  have  "positive"  polarity  and  that 
in  which  the  windings  are  in  the  same  direction  is 
said  to  have  "negative"  polarity. 

In  other  words  the  term  polarity  as  applied  to 
transformers  is  used  in  a  derived  sense  to  indicate 
the  phase  relation  between  the  primary  and  secondary 
windings  and  has  by  definition  no  similarity  of  sig- 
nificance to  the  original  meaning  of  the  word. 

In  the  ordinar}^  test  for  parallel  operation  the  po- 
larity of  the  individual  transformers  is  not  sought  but, 
rather,  it  is  the  intent  to  discover  whether  or  not  the 
transformer  is  of  the  "same"  or  "different"  polarity 
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in  comparison  with  another  or  standard  transformer 
in  the  derived  meaning  of  the  word.  This  relative 
polarity  of  two  transformers  may  be  determined  by 
connecting  their  high  tension  windings  in  parallel  to 
the  supply  circuit  and  tiieir  low  tension  windings  with 
a  fuse  in  the  circuit,  as  shown  in  Fig.  i.  If,  wlien 
the  switch  connecting  the  transformers  to  the  supply 
circuit  is  closed,  the  fuse  is  blown,  the  polarity  of  the 
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two  transformers  is  probably  different  and  the  low 
tension  leads  of  one  transformer  must  be  reversed. 
If  the  luse  is  not  Ijlown,  the  transformers  niav  l)e  re- 
garded as  of  the  same  polarit_\-  and  may  l)e  operated  in 
parallel. 

The  most  common,  and  usually  the  most  conveni- 
ent method  of  determining  the  polarity  of  a  single- 
phase  transformer  is  that  shown  in  Fig.  2.  A  conven- 
ient voltage  is  impressed  across  terminals  /  and  -', 
and  the  voltage  from  /  to  /  read  on  a  voltmeter.  The 
voltage  indicated  by  the  \oltmeter  will  be  either  the 
sum  or  the  difference  of  the  high  tension  and  the  low- 
tension  voltages.  When  the  sum  of  the  high  tension 
and  low  tension  voltages  is  indicated,  the  primary  and 
secondary  are  wound  in  opposite  directions  and  the 
polarity  of  the  transformer  is  "positive."  In  a  like 
manner,  if  the  voltmeter  indicates  the  difference  of 
the  high  tension  and  low  tension  voltages,  the  polaritv 
is  "negative." 

Transformer  diagrams  shgwing  the  primary  and 
secondary  wound  in  the  same  and  in  opposite  direc- 
tions,  respectively,  are  shown  in   Figs.  3  and  .1.     it 
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PHASE  TRANSFORMERS 

may  readily  be  proved,  with  the  windings  and  connec- 
tions as  in  Fig.  4,  that  the  voltmeter  reading  will  l)e 
the  sum  of  the  voltages  as  follows : — 

Considering  the  instant  at  which  the  supply  wire 
connected  to  terminal  /  is  of  positive  polarity,  that  is, 
when  the  current  is  flowing  from  the  wire  into  the 
terminal,  the  flux  in  the  core  will  be  found  by  the 
"right  liand  rule"  to  be  in  the  direction  from  loft  to 


right.  This  flux  will  induce  a  voltage  in  the  secondary 
tending  to  cause  a  flow  of  current  in  tlie  latter.  This 
in  turn  sets  up  a  magnetomotive  force  which  tends 
to  produce  a  flux  in  opposition  to  the  inducing  flux  of 
tiie  primary.  Then  by  the  "right  hand  rule"  such  a 
flux  must  be  caused  by  a  current  flowing  in  the  direc- 
tion shown,  the  polarity  of  the  secondary  terminals 
J  and  y  being  as  indicated  by  the  arrows,  b'rom  the 
instantaneous  directions  of  current  at  the  four  term- 
inals in  series  in  the  voltmeter  circuit,  remembering 
that  those  of  /  and  2  refer  to  the  supply  circuit  and 
those  of  J  and  /  to  the  secondary  winding,  it  will  be 
evident  that  the  two  instantaneous  voltages  are-  in 
phase  and  therefore  additive.  Accordingly  the  volt- 
meter will  read  the  sum  of  the  two. 

In  a  transformer  the  primary  and  secondary  volt- 
age waves  must  be  of  the  same  frequency  and  must 
either  be  in  phase  or  iSo  degrees  out  of  jihase,  that  is, 
in  opposition,  ^^"ith  the  same  external  connections, 
but  with  the  primarj'  and  secondary  wound  in  the 
same  direction  on  the  core,  as  in  Mg.  3.  it  can  readily 
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FIGS.  T,  AND  4 — TRANSFORMER  DIAGRAMS  WITH  THE  PRIMARY  AND 
SECONDARY  WOUND  IN  THE  SAME  AND  IN  OPPOSITE  DIRECTIONS 
RESPECTIVELY   ON   THE   CORE 

Sliowing  the  resultant  instantaneous  relations  of  voltages. 

be  shown,  in  the  same  manner  as  above,  that  the  volt- 
meter will  read  the  dift'erence  of  the  primary  and  sec- 
ondary voltages. 

Practically  all  distributing  transformers  are  of 
positive  polarity  as  defined  above  and  ordinarily,  there- 
fore, the  only  concern  to  the  user  in  connection  with 
the  polarity  of  his  transformers  is  in  parallel  opera- 
tion ;  and  for  that  purpose,  having  connected  tlie 
primaries  to  a  common  su])i)ly  circuit,  it  is  only  neces- 
sary to  determine  the  relative  polarity  by  the  method 
given  above.*  However,  in  the  case  of  power  trans- 
formers where  high  voltages  are  used,  some  manufac- 
turers use  negative  polarity  because,  owing  to  the  fact 
tiiat  the  instantaneous  voltages  are  opposed,  the  insu- 
lation stresses  between  primary  and  secondary  wind- 
ings are  correspoiulingly  retluced.  Accordingly  in 
testing  such  transformers  on  a  manufacturer's  test 
floor  the  second  method  of  test,  that  is,  to  determine 
the  polarity  of  the  individual  transformer  is  as  com- 
mon a  procedure  as  the  test  for  relative  polarity. 


*Scc  also  tlie  Journal  for  .\pril,  1014.  p.  233. 


Engineering  ,^otes 

Conducted  by  R.  H.  Willakd 

Insulation  Resistance  and  Dielectric   Strength 

The  properties  of  dielectrics,  that  are  frequently  con- 
fused, are  insulation  resistance  and  dielectric  strength.  No 
dielectric  is  a  perfect  insulator  so  that  seme  current  will  flow 
through  it  between  points  of  ditTerent  potential.  The  amount 
of  current  will  vary  with  the  difference  of  potential  and  in- 
versely with  the  resistance  of  the  path.  The  resistance  to 
the  flow  of  this  current  is  insulation  resistance.  It  varies 
directly  with  the  length  of  the  path  and  inversely  with  the 
area  and  is  measured  in  ohms  or  megohms.  Dielectric 
strength  is  a  measure  of  the  ability  of  the  dielectric  to  with- 
stand puncture ;  it  is  not  necessarily  high  in  a  material  having 
high  resistance.  It  is  measured  in  "volts  per  millimeter" 
necessary  to  puncture  the  insulation. 


Effect  of  Wave  Form  on  Converted  Ratio 

In  a  rotary  converter,  the  direct  voltage  is  obtained  by 
commutating  the  generated  or  counter  e.m.f.  of  the  machine. 
This  makes  the  direct  voltage  equal  to  the  ma.ximum  voltage 
of  the  alternating  wave.  If  the  wave  has  a  sine  shape,  the 
maximum  alternating  voltage  will  be  V2  times  the  effective 
alternating  voltage.  If  the  wave  is  more  peaked  than  a  sine 
wave,  but  has  the  same  root  mean  square  or  effective  value, 
the  direct  voltage  will  be  greater  than  with  a  sine  wave  and 
vice  versa.  This  characteristic  has  been  employed  in  some 
instances  to  change  the  ratio  between  the  impressed  alter- 
nating voltage  and  the  delivered  direct  voltage. 


Induction  Motor  Rotor  Windings 

Phase  wound  induction  motors  have  three-phase  secon- 
dary windings  irrespective  of  the  number  of  phases  of  the 
primary.  This  is  possible  because  the  effect  of  any  poly- 
phase stator  winding  is  to  give  a  uniform  rotating  field. 
Given  a  uniform  rotating  field  set  up  by  the  stator  it  will  be 
seen  that  it  is  possible  to  use  any  number  of  phases  desired  on 
the  rotor  just  as  a  rotating  field  generator  may  be  wound 
for  any  number  of  phases.  It  has  been  found  that  the  char- 
acteristics of  the  motor  are  improved  by  increasing  the  num- 
ber of  phases  on  the  secondary.  Three-phase  windings  are 
used  because  such  windings  take  only  one  more  ring  than 
single-phase  windings  and  their  performance  is  very  much 
better.  Any  increase  above  three  phases  requires  additional 
slip  rings  and  the  motor  is  not  improved  enough  to  offset  this 
disadvantage.  Furthermore,  resistance  connections  in  thr 
rotor  circuit  become  rather  complicated  for  more  than  three 
phases. 


Magnetic   Blowouts 

A\"here  heavy  currents  are  broken  between  contacts  in  air, 
it  saves  much  wear  on  the  contacts  to  use  a  magnetic  blow- 
out to  extinguish  the  arc.  A  magnetic  field  is  established 
around  the  arc  by  a  coil  in  series  with  it.  This  field  reacts  on 
the  current  in  the  arc  just  as  though  it  were  in  a  wire  and 
displaces  or  "blows"  the  arc  to  one  side,  usually  into  a  fire- 
proof arcing  chute,  thus  breaking  the  circuit.  The  di- 
rection of  motion  can  be  determined  by  Fleming's  three- 
finger  rule.  In  connecting  blowout  coils  care  must  be  taken 
to  get  the  polarity  right  or  else  the  arc  will  be  blown  in  the 
wrong  direction  and  may  damage  the  blowout  coil. 


Synchronous  Impedance 

If  the  armature  of  an  alternator  be  short-circuited  by  a 
path  of  negligible  impedance,  there  are  three  factors  which 
determine  the  amount  of  current  which  will  flow.  These  are, 
first,  the  resistance  of  the  armature;  second,  the  reactance  of 
the  armature;  third,  the  armature  reaction.  Resistance  and 
reactance  limit  the  current  by  using  up  part  of  the  generated 
voltage  in  overcoming  IR  and  IX  drop  in  the  windings ;  arma- 
ture reaction  limits  the  current  by  reducing  the  main  flux  and 
consequently  the  generated  voltage.  Since,  during  short- 
circuit,  the  reactance  drop  in  the  windings  greatly  exceeds 
the  resistance  drop,  the  current  will  be  nearly  90  degrees  out 
of  phase  with  the  voltage.  A  lagging  current  tends  to  demag- 
netize the  field  and  thus  reduce  the  generated  voltage.  How- 
ever, it  takes  an  appreciable  time  to  change  the  field  flux,  as 
any  change  of  flux  means  a  change  of  energy,  so  that,  during 
the  first  few  instants  of  short-circuit,  the  armature  reac- 
tion effect  does  not  come  in  and  a  rush  of  current  results 
whicli  is  limited  only  by  the  impedance  of  the  windings, 
known  as  "inherent"  impedance.  As  soon  as  the  armature 
reaction  has  had  time  to  reduce  the  field  flux,  the  current  falls 
to  a  steady  value  determined  by  the  impedance  and  armature 
reaction.  If  the  open  circuit  voltage  of  an  alternator  be  di- 
vided by  the  steady  short-circuit  current  with  the  same  field 
excitation,  a  quantity  known  as  "synchronous  impedance"  is 
obtained  which  is  a  measure  of  the  steady  short-circuit  cur- 
rent a  machine  will  carry.  In  measuring  the  synchronous 
impedance  of  an  alternator  on  test,  the  armature  is  short- 
circuited  and  the  field  strength  increased  till  full-load  current 
flows.  The  armature  circuit  is  then  opened  and  the  open 
circuit  voltage  is  measured.  This  voltage  divided  by  the 
short-circuit  current  gives  the  synchronous  impedance. 


Flash  Point  and  Fire  Point 

In  specifying  oil  for  insulating  purposes  a  flash  point  and 
a  fire  point  are  often  specified.  If  oil  is  heated  slowly  it  will 
vaporize  and  at  some  temperature  it  will  be  found  that  this 
vapor  will  flash  up  if  ignited,  but  the  main  body  of  the  oil 
will  not  ignite.  On  further  heating  a  temperature  is  reached 
where  the  body  of  the  oil  catches  fire  and  burns.  The  flash 
point  is  the  lowest  temperature  at  which  the  vapor  will  flash 
up  without  setting  the  oil  on  fire;  the  fire  point  is  the  low- 
est temperature  at  which  the  oil  will  burn.  In  some  oils  these 
points  come  so  near  together  that  it  is  impossible  to  distin- 
guish between  them,  while  in  other  oils  they  may  be  20  de- 
grees or  more  apart. 


Railway  Motor  Frames 

Railway  motor  frames  are  either  split  or  all  in  one  piece 
(box  type).  Most  of  the  older  motors  are  split  frame  be- 
cause, at  the  time  they  were  built,  the  armatures  needed  fre- 
quent inspection  and  very  few  car  barns  had  cranes  or  facili- 
ties for  removing  the  trucks.  In  later  days  armatures  need 
less  inspection  and  better  facilities  are  available  so  that  the 
bo.x  frame  is  preferable  where  great  mechanical  strength  for 
a  given  weight  is  a  consideration.  See  article  by  Mr.  R.  E. 
Hellmund  in   the  Jourx.m.   for  October,  '14,  p.  590. 
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1152 — Induction  Motor  Windings — In 
Fig.  ii=;.2  (a)  i.^  shown  a  diagram  of 
a  three-phase,  one  circuit  per  pha.se, 
12  pole  induption  motor.  Leads  /,  7 
and  5  form  the  beginning  of  the 
circuits  and  _',  4  and  6  the  end  of  the 
circuits.  Now  if  this  machine  is 
connected  in  delta  will  it  make  any 
diflference  if  leads  2  and  4  are  both 
connected  fo-  the  end  of  the  circuit; 
;  and  6,  one  a  beginning  and  the 
other  the  end  of  a  circuit,  and  3  and 
5  both  as  the  beginning  of  a  circuit; 
or  should  the  motor  be  connected 
with  one  lead  of  2  and  3  as  the  be- 
ginning and  the  other  as  the  end,  one 
lead  of  /  and  6  as  the  beginning  and 
the  other  as  the  end,  and  one  lead  of 
4  and  5  as  the  beginning  and  the 
other  as  the  end.  Can  the  motor  be 
connected  either  way  or  will  it  make 
a  difference  which  way  these  circuits 
are   connected   together? 

H.E,  p.  (ill,) 

According  to  the  arrangement  shown, 
if  connected  for  a  star  connection  i.  4 
and  s  would  be  leads  and  2,  3  and  6 
would  be  connected  together  for  the 
star,    since    the    middle    leg    or    phase 


FIG.   1152    (a),    (b),   (c)   .^ND   (d) 

must  be  reversed  to  get  a  proper  120 
degree  phase  relation.  This  connection 
is  shown  in  Fig.  1152  (b).  The  two 
arrangements  for  delta  connection 
shown  in  Fig.  11.S2  (c)  and  (d)  are 
then  proper.  Both  arrangements  are 
obtained  by  translating  the  three  lines 
of  the  star  diagram  ■:c'ilhout  rotating 
them  and  combining  them  as  shown. 
The  reason  these  connections  arc  right 
and  others  are  wrong  is  that  the  proper 
120  degree  phase  relation  must  be  kept 
on  a  three-phase  machine  and  the  im- 
proper connections  do  not  do  this,  but 
make  instead  a  60  degree  relation  be- 
tween some  of  the  phases.  This  can  be 
readily  conceived  by  thinking  of  the 
motor  windings  as  acting  in  their  gen- 
erator capacity  and  generating  counter 
clcctromotive-forccs.  If  the  windings 
are  wrongly  connected  the  same  trouble 
will  be  experienced  as  with  an  alter- 
nator with  a  j.hase  reversed.  A.  M.n. 
1153 — Transformer  Primary — Is  the 
high-tension  side  of  a  transformer 
always  designated  as  the  primary,  or 
is  the  primary  the  side  fed  from  the 


outside  source,  regardless  of  whether 
it  is  high  or  low  tension? 

H.  A.  F.   (CALIF.) 

The  primary  of  a  transformer  is  that 
side  which  receives  power  from  an  ex- 
ternal source  and  the  secondary  is  the 
side  from  which  the  power  is  given  ofl 
to  the  load.  Thus  the  primary  of  a 
step-up  transformer  is  the  low-tension 
side  and  the  primary  of  a  step-down 
transformer  is  the  high-tension  side. 

C.  R.  R. 

1154 — V  Connection — In  Fig.  1154  (a) 
is  shown  a  25  k.v.a.  and  a  10  k.v.a. 
transformer  connected  open  delta. 
We  wish  to  know  if  we  will  get  cur- 
rent to  ground  if  ^ve  open  the  pri- 
mary side  of  the  10  k.v.a.  trans- 
former, and  how  much.  j.  G.  w.  (cal.) 
The  current  to  ground  obtained  by 
opening  the  lead  to  iV  will  depend  en- 
tirely on  how  the  neutral  of  the  gen- 
erator is  grounded.  If  a  good  ground 
is  obtained  at  the  station  the  potential 
from  the  10  k.v.a.  transformer  to 
ground  will  be  full  2200  volts  when  the 
lead  to  A'  is  open.  If  this  lead  of  the 
transformer  is  thoroughly  grounded  the 
full  load  of  the  transformer  may  bo 
carried  without  connecting  to  .V  at  all. 
This  is  not,  however,  a  recommended 
connection  as  the  potential  drop  is 
liable  to  be  excessive.  If  both  primary 
leads  to  the  transformer  are  opened 
there  will  be  no  notential  impressed  on 
this  transformer,  as  one  side  of  the 
secondary  circuit  will  be  entirely  open, 
except  for  the  connection  through  the 
three-phase  motor.  It  will  be  impos- 
sible to  start  up  tliis  motor  with  only 
one  phase  energized,  if,  however,  tlie 
motor  is  running  on  light  load  when 
the  transformer  is  disconnected,  the 
motor  will  probalily  continue  to  run  as 
a  single-phase  motor  receiving  energy 
from  the  other  phase.  In  this  case  it 
will  act  as  a  phase  converter  receivin.g 
power    from   the   single-phase   line   and 
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FIG,    1 154    (a) 

energizing  the  other  two  phases.  The 
10  k,v.a,  transformer  will  then  be  en- 
ergized on  the  220  volt  side  and  will 
have  2  2CX)  volts  across  its  primary 
leads,  and  if  one  side  of  the  trans- 
former primary  is  grounded  the  other 
side  will  be  at  2  200  volts  above  ground 
potential  C,  R.  R. 

1155 — Meter  Multiplier — A  polyphase 
wattliour  meter  rated  at  50  amperes 
and   2000  volts   is   used   on   a   three- 


phase.    13  200    volt    line    with    a   60/5 
current   and    1.3  200/110  volt   potential 
transformers.  This  meter  was  origin- 
ally used  on  two  phase.    What  would 
be  the  multiplier  with  the  above  ar- 
rangement. L,  S.  B. 
.•\lthough   not   stated   in   the  question 
this  meter  must  be  one  which  was  used 
with  a  ,so/5  current  transformer  and  a 
2000/100    potential    transformer.      .■\s- 
suming  this  to  be  the  case  the  original 
constant  was  200.     The  constant  with  a 
60/5     current     transformer     and     a 
13  200/110    volt    potential    transformer 
would  be  120  times  12  or  i  440,     Thus 
the  constant  with  the  new  arrangement 
would    be    7.2    times    the    constant     as 
originally    rated.      If    the    original    con- 
stant was  incorporated  in  the  gear  train 
of   the  meter   so   that   the   meter   regis- 
tered directly  in  kw  when  supplied  with 
a  50/5  and  2  000/100  transformers,  the 
multiplier  under  the  new  conditions  of 
operation  would  be  7.2.  w.  B. 
1 156 — Rewinding    Heating    Element — 
1   wisli   to   rewind   the  beating  element 
of  a  glue  pot   which  consists  of  two 
coils,   each  having  205   feet  of  about 
No,  27  or  No.  28  B.  '&  S,  wire  insu- 
lated with  asbestos.    The  heater  is  de- 
signed for  220  volts  2,3  amperes.     .\t 
maximum   heat   the   two   coils   are    in 
parallel  across  220  volts,     I  would  like 
to  know  what  kind  of  wire  to  use  and 
and  where  it   can  be  bought  already 
insulated  with  asbestos. 

H,  R,  L.  (oh  10) 
The  resistance  wire  required  should 
have  a  resistance  of  approximately  o,g2 
ohms  per  foot.  No.  25  .\dvance  or  No. 
26  German  silver  (18  percent)  would 
probaliiy  be  suitable.  Wire  of  these 
types  can  he  obtained  from  any  of  the 
manufacturers  of  resistance  wires.  The 
best  practice  in  case  of  failure  of  a 
heating  device  is  to  have  it  rewound  by 
the  manufacturer  who  made  it  if  pos- 
silile  as  he  will  have  all  materials  at 
hand  for  such  work.  The  design  of  a 
suitable  heater  element  for  any  given 
purpose  is  governed  by  so  many  con- 
siderations of  operatin.g  temperatures, 
conductivity  of  materials  usetl,  rate  of 
working,  insulating  material  available, 
shape,  size,  characteristics  of  resistance, 
wire  obtainable,  etc.,  that  it  is  impossi- 
ble to  make  a  general  rule  governing  all 
cases.  The  heat  required  to  maintain 
the  desired  temperature  is  best  de- 
termined by  trial  unless  the  device  is  of 
a  standard  design  whose  operating  re- 
quirements are  already  shown.  When 
the  heat  required  in  watts  per  hour 
is  known,  the  current  is  obtainable  by 
dividing  the  watts  by  the  volts.  The  re- 
sistance equals  the  volts  divided  by  the 
current.  The  size  of  the  heater,  or  the 
space  allowed  for  it.  together  with  the 
thickness  and  kind  of  insulating  ma- 
teria! will  determine  the  temperature  at 
which  the  heater  coils  will  operate. 
These  temperatures  must  not  exceed  the 
safe   limit    for   the   electrical    insulating 
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materials  and  the  resistance  wire.  The 
size  of  wire,  of  course,  depends  entire- 
ly on  the  resistance  desired,  the  specific 
resistance  of  the  wire  to  be  used,  the 
space    allowed   and   tlie   operating   volt- 

F     T 

age.  '■  '■ 

1157 — Direct  -  Current       Boosters — 3 

500  kw  wo  volt  direct-current  gen- 
erators supply  power  for  a  coal  mine 
through  a  five  mile  transmission  line. 
Due  to  the  heavy  load  (about  2500 
amperes)  we  have  difficulty  in  main- 
taining the  voltage  at  the  farthest 
points  in  the  mine  without  an  enor- 
mous amount  of  copper.  As  the 
owners  do  not  want  to  change  the 
system  to  alternating-current  would  it 
be  possible  to  install  direct-current 
boosters  at  the  far  end  of  the  line, 
consisting  of  series  generators  driven 
by  direct  connected  motors?  Would 
this  be  more  efficient  than  the  present 
system?  Approximately  what  size 
units  would  be  required? 

C.   R.    D.    (PENNA.") 

It  would  not  be  feasible  to  operate  the 
above  system  satisfactorily  without  the 
use  of  alternating-current  power.     With 
direct-current  at   5.=;a  volts  the   amount 
of   feeder  to  produce  say  not  less  than 
450  volts   at   five   miles  away   would   be 
prohibitive.     This   feeder  would  consist 
of   about  ten    1000  000   circ.  mil   cables 
in  each  side  of  the  circuit.     The  booster 
scheme  would,  of  course,  cut  down  the 
amount  of   feeder  necessary  but  would 
be  very  unsatisfactory  as  the  cost  of  the 
booster  set  would  about  offset  the  sav- 
ing  in    copper,    while    the    cost    of    the 
power  lost  would   make  the   problem   a 
very  uneconomical  one.     There  are  sev- 
eral  schemes  by  which  alternating-cur- 
rent can  be  utilized  to  advantage.     One 
would  be  to  replace  one  or  two  of  the 
generators  in  the  power  station  by   al- 
ternating-current  6  600   volt   generators 
and  use  a  rotary  converter   sub-station 
at  the  end  of  the  line.    A  second  way  is 
to  install  a  500,  750  or  i  000  kw  inverted 
rotary   converter   at   the   power    station, 
use    transformers   to    raise    the    voltage 
to    1 1 000  volts   and   to   lower   it   at  the 
sub-station  to  rotary  voltage  for  a  sec- 
ond  converter.      At   full   load   the   con- 
verter efficiency  is  95  percent,  the  trans- 
formers 98  percent  and  the  line  about 
95  percent.     A  third   scheme  is  to  buy 
power  from  a  central  station  and  install 
a  sub-station  near  the  point  where  the 
heavy  power  is  to  lie  used.  G.  B. 

1 158 — Grounding  Transformer  Cases 
— Is  the  practice  followed  of  ground- 
ing the  cases  of  transformers  on  poles 
as  well  as  of  grounding  the  secondary 
leads.  A.  L.  J.   (PEXXA.) 

The  grounding  of  the  cases  of  trans- 
formers mounted  on  poles  is  not  a  com- 
mon practice.  It  is,  however,  well  worth 
while  and  would  eliminate  many  acci- 
dents if  it  was  done.  The  simplest  way 
would  be  to  connect  the  transformer 
tank  directly  to  the  secondary  lead  thus 
insuring  the  tank  as  good  a  ground  as 
is  given  to  the  secondary  circuit.  This 
method  is  inexpensive  and  is  highly 
recommended.  E.  c.  s. 

1159 — Sand     Papering     Brushes  —  In 

some  instructi'ui  litiok^  wliich  give  di- 
rections for  fitting  brushes  to  the 
commutators  of  direct  current  dyna- 
mos and  motors,  advice  is  given  that 
in  fitting  the  brushes  to  the  commuta- 
tor the  sandpaper  should  be  "drawn 
back  and  forth  under  the  brushes." 
Other  books  advise  that  the  "sand- 
paper   should    be    drawn    under    the 


brushes  only  in  the  direction  of  rota- 
tion." Please  advise  which  method  is 
correct.  c.  h.  t.  (mo.) 

The  more  correct  method  of  sand 
papering  brushes  is  to  draw  the  sand- 
paper under  the  brushes  only  in  the  di- 
rection of  rotation,  as  in  this  way  a 
more  perfect  fit  is  obtained.  In  many 
of  the  older  machines  the  fit  of  the 
brushes  in  the  brushholders  was  rather 
loose,  and  in  this  case  sand  papering  in 
both  directions  resulted  in  a  double 
bevel,  with  the  final  result  that  only 
about  one-half  of  the  brush  surface 
touched  the  commutator,  hence  on  these 
older  types  of  machines  the  necessity 
for  sand  papering  in  one  direction  only. 
On  more  modern  machines,  or  in  fact 
on  any  machines  in  which  the  brushes 
fit  tightly  in  the  brushholders  so  that 
there  is  very  little  play,  it  makes  little 
difference  as  to  which  direction  the 
sand  paper  is  pulled.  c.  R.  R. 

1 160— Load  of  Motor— Please  show 
how  to  calculate  the  load  on  a  50 
horse-power,  3  phase,  60  cycle,  220 
volts,  io5  amperes  slip  ring  induction 
motor  belted  to  a  line  shaft.  The  only 
available  instrument  is  a  portable  am- 
meter. With  no  load  the  motor  took 
Of)  amperes  per  terminal  and  with  full 
load  195  amperes  per  terminal;  the 
power-factor  and  the  efficiency  being 
unknown.  Can  you  show  how  to  cal- 
culate the  horse-power  at  each  read- 
ing, the  voltage  being  220  volts  at 
the  terminal.  D.  G.  G.  (wis.) 

It  is  impossible  to  determine  the  load 
on  this  motor  from  the  readings  given 
and  no  other   data.     If  you  cannot  se- 
cure other  instruments  we  would    suggest 
tliat    you    write    directly   to    the    manu- 
facturers  giving   the    serial    number   of 
the  motor,   and  they  can  probably  give 
you  a  performance  curve  of  the  motor, 
showing  its  power-factor  and  efficiency 
at     any    load    in     current.       From    the 
performance  curve  it  will  be  possible  to 
read  the  horse-power  output  of  the  mo- 
tor for  anv  current  input  at  rated  volt- 
age. '  C.  R.  R. 
1 161 — Generator    with     Excitation — I 
am    operating    aj    2  500    k.v.a.     three- 
phase,   2  300  volt,    I  200   r.p.m.,    steam 
turbo  generator  in  parallel  with  a  hy- 
dro-electric plant.     Suppose  after  this 
machine  is  up  to  speed  that  the  syn- 
chronizer  is    found    out   of    order    so 
that  I  cannot  phase  in  with  the  other 
plant.     What   will   be   the   result  if   I 
reduce  the  voltage  on  the  exciter   to 
zero   and    then    close    the    generator 
switch  ;   the  field   switch  to  be  closed 
and  the  machine  at  about  synchronous 
speed?    Will  the  turbo-generator  con- 
tinue as  an  induction  motor  or  gener- 
ator and  drop  into  step  when  the  field 
is  built  up?     Or  will  it  act  as  a  short 
circuit   and  trip   off  all   the   incoming 
lines?                            I.  A.  F.   (MASS.) 
Connecting    the   steam    driven   gener- 
ator  to   the   bus-bars   energized   by   the 
water  wheel  driven  generator  when  the 
steam   driven   generator   is   not   excited, 
but  is   operating  at  synchronous   speed, 
would  be  equivalent,   for  an  instant,  to 
starting  an  induction  motor  of   similar 
characteristics  by  the  application  of  full 
voltage.     Obviously,  this  would  result  in 
a  prohibitive  current.     The  current  con- 
ditions at  the  instant  of  closing  the  gen- 
erator switches  would  be  the  same  as  a 
short-circuit  at  the  generator  terminals 
when  the   generator  is   excited  to   nor- 
mal   voltage.     In   a  generator   of   these 
characteristics,   this   might   result   in   an 
instantaneous   current    from     IS    to    20 


times  its  normal  peak  value.  If  this 
question  is  the  result  of  actual  experi- 
ence, the  practical  answer  is  to  disre- 
gard the  synchronizer  that  is  out  of 
order  and  connect  synchronizing  lamps 
through  a  suitable  transformer  across 
the  terminals  of  the  generator  switch. 
For  diagram  of  connections  for  all  prac- 
tical cases  see  article  on  "Connections 
for  Synchronizing"  by  Harold  W. 
Brown  in  the  Journal  for  July,  1912. 
p.  634.  r-  "•  '^■ 

1 1 62— Filtering     Oil — When     filtering 
oil    from   large   outdoor  transformers 
in  service,  tliere  is  some  doubt  about 
all   the   oil   in   the   transformer   being 
pumped  out  at  the  bottom,  and  pass- 
ing through  the  filter  and  dryer,  due 
to   the    fact    that   the   oil    in   the    dis- 
charge  line,    which   enters   the   trans- 
former a  little  below  the  oil  level,  is 
colder  than  the  oil  already  in  the  top 
of    the    transformer.    This    no    doubt 
passes  to  the  bottom  of  the  tank  and 
is   again   sucked   out.     If   this   is   the 
case,   it   is   doubtful   if   all  the   oil   in 
the   transformer   ever  passes   through 
the    filter,    no    matter   how  Jong   you 
keep  the  pump  running.     Now,  what 
is  the  objection  to  heating  the  oil  in 
the    discharge    line   to   a   temperature 
slightly  above  the  temperature  of  the 
oil  in  the  top  of  the  tank.    This  would 
cause  the  new  clean  oil  to  stay  on  the 
top   and   the   old   oil   to   move  to   ihe 
bottom   and   be   pumped    out  and   fil- 
tered.    If  there  are  any  objections  to 
this,  kindly  state  just  what  they  are. 

w.  s,  D.  (tenn.) 
While  it  is  true  that  the  oil  entering 
the  top  of  the  transformer  from  the 
discharge  pipe  of  the  filter  will  be  cooler 
tlian  the  top  oil  and,  therefore,  tend  to 
go  to  the  bottom  of  the  tank  more 
rapidly,  at  the  same  time  the  warrner 
oil  is  not  standing  still  but  is  flowing 
over  to  the  surface  of  the  tank  or 
cooling  coils  and  thereby  losing  heat 
and  falling  to  the  bottom.  As  long  as 
the  transformer  is  operating  the  oil  will 
circulate  between  the  top  and  bottom  no 
matter  whether  the  filter  press  is  work- 
ing or  not.  For  these  reasons,  there 
would  be  no  material  gain  in  heating 
the  oil  in  the  discharge  line.  An  im- 
portant point  is  to  see  that  the  filter 
press  draws  the  oil  from  the  very  bot- 
tom of  the  tank  as  the  tendency  of  the 
water  is  to   sink  as  low  as  possilile. 

w.  M.  M. 
1 1 63 — Generator  Sparking  on  Half 
Voltages — Can  you  .cive  the  cause 
of  a  200  kw  333  ampere,  555./''ioo  volts, 
720  r.p,m,  direct-current  compound 
generator  sparking  when  the  voltage 
is  raised  to  300  volts.  Under  or  over 
this  voltage  there  is  no  sparking.  The 
generator  runs  on  a  street  railway 
load.  c.  A.  (.\lberta.) 

There  does  not  seem  to  be  any  reason 
to  offer  for  a  generator  sparking  at 
half-volta.ge  unless  it  is  a  non-commu- 
tating  pole  machine.  A  well  designed 
commutating-pole  generator  should 
commutate  as  well  with  normal  load 
currents  at  voltages  from  zero  up  to 
normal  as  at  normal  voltage.  If  it  is  a 
comnnitating  pole  generator,  we  would 
suggest  taking  brush  potential  curves 
through  a  range  of  voltages  at  say  200, 
300.  450  and  600  volts  at  full-load  cur- 
rent and  making  a  comparison.  Under- 
compensation by  the  commutating  pole 
will  be  shown  by  a  brush  curve  increas- 
ing in  potential  drop  from  the  beginning 
edge  to  the  leaving  edge  of  the  brush; 
a    dropping    curve    will    indicate    over- 
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compensation.  A  scries  of  these  curves 
taken  at  different  voltages  and  at  the 
same  load  current  will  indicate  what  is 
taking  place  in  regard  to  compensation. 
Curves  taken  under  these  conditions 
should  all  have  the  same  characteristics. 
If  the  generator  is  not  a  coninnitating- 
pole  machine,  in  view  of  its  compara- 
tively high  speed,  good  commutation 
will  only  be  .secured  by  projecting  the 
coils  undergoing  commutation  into  a 
stiff  field  under  the  tip  of  the  main  pole. 
This  is  done  by  giving  the  brushes  a 
certain  amount  of  forward  lead.  Usual- 
ly the  leading  pole  tip  has  a  portion  of 
the  punchings  removed  so  that  the  re- 
maining punchings  are  heavily  satur- 
ated; the  result  of  this  is  to  secure  a 
practically  constant  field  under  the  lead- 
ing pole  tip  from  no  load  to  full  load. 
The  brushes  arc  pushed  forward  so 
that  the  ma.ximum  degree  of  over-com- 
pensation, without  giving  bad  commu- 
tation, is  secured  at  no  load.  Such  a 
machine  will  usually  be  under-compen- 
sated at  the  higher  loads.  In  the  pres- 
ent case  it  may  be  that  the  leading  pole 
tip  is  so  much  weakened  at  300  volts 
that  the  armature  ampere-turns  produce 
distortion.  This  explanation  does  not, 
however,  make  clear  why  there  is  no 
sparking  at  voltages  below  300  volts. 

H.  E.  s. 
1 164 — Special  Hoist  Motors — In  the 
design  (if  a  hoist  or  dock  winch  for 
the  unloading  of  ship  cargo  it  is  pro- 
posed to  use  a  high-torque  squirrel- 
cage  motor,  partly  on  account  of  its 
ability  to  stand  severe  use  but  mainly 
to  make  use  of  its  regenerative  fea- 
ture to  send  power  back  into  the  sup- 
ply line  when  a  load  is  being  lowered 
and  at  the  same  time  acting  as  a 
brake.  .\  hoist  motor  requires  some 
flexibility  as  regards  rumiing  speeds.  .\ 
motor  of  two  fi.xed  speeds  which  with 
main  line  resistance  would  permit  of 
two  additional  speeds  would  probably 
answer  requirements.  It  is  thought 
that  the  desired  end  might  be  accom- 
plished by  using  two  windings  per 
phase  to  ol)tain  six  and  12  poles  re- 
spectively for  I  200  and  600  r.p.m. 
(not  counting  slip).  With  the  two 
windings  in  scries  we  should  have 
still  a  third  speed  due  to  very  great 
slip, — the  effect  being  similar  to  run- 
ning on  half  voltage.  Hoisting  is  to 
be  done  at  l  200  and  lowering  at  fioo 
r.p.m.  (minus  slip).  \  load  of  3000 
pounds  is  to  be  hoisted  to  a  height  of 
about  .SO  feet  at  the  higher  speed,  the 
motor  reversed,  and  the  load  allowed 
to  descend  and  operate  the  motor  as 
an  induction  generator  at  the  lower 
speed.  \  20  or  25  horse-power,  two 
phase,  230  volt  60  cycle  motor  is  re- 
quired. Is  it  practicalile  to  build  such 
a  motor?  What  would  be  the  per- 
cent of  cost  over  the  i>rdinary  mo- 
tor? Would  its  efficiency  be  material- 
ly less  and  if  so  would  it  not  be  more 
than  made  up  by  the  power  returned 
to  the  system  ?  Is  there  any  reason 
why  the  proposed  system  should  not 
be  economical  and  more  so  than  the 
usual  method  of  hoisting  and  braking 
mechanically?  The  decision  as  to  the 
choice  of  system  for  a  large  installa- 
tion of  hoists  is  being  held  until  the 
above  questions  shall  have  been 
answered.  t-.  w.  (phil.mif.i.phi.a.") 
This  proposition  is  not  at  all  feasible. 


In  the  first  place  a  squirrel-cage  motor 
is  not  suitable  for  this  service.  In  a 
squirrel-cage  motor,  a  very  large  pro- 
portion of  the  kilowatt  input  at  the  start 
is  dissipated  in  the  resistance  rings. 
I'or  hoisting  service  the  motor  would 
need  high  resistance  end  rings,  and 
after  a  few  cycles  of  the  hoisting  opera- 
tion the  rotor  winding  would  overheat 
and  burn  out.  High  resistance  end 
ring,  squirrel-cage  motors  arc  used  to  a 
consideral)le  extent  for  elevators  and 
hoists  in  small  sizes  where  the  duty  is 
relatively  light  and  the  service  infre- 
quent, but  if  worked  continuously  on  a 
regularly  recurring  cycle  have  a  tenden- 
cy to  overheat  quickly  on  the  secondary 
winding.  In  the  second  place  two  wind- 
ings on  the  same  primary  for  different 
numbers  of  poles  camiot  be  connected 
in  series;  one  winding  would  simi)ly  act 
as  a  choke  coil  to  the  other,  doing  no 
useful  work  and  cutting  down  the  avail- 
able torque  by  increasing  the  reactance. 
If  it  is  assumed  that  the  rotating  field 
of  an  induction  motor  primary  is  set  up 
by  one  of  two  windings  there  would 
normally  be  no  voltage  between  the 
terminais  of  a  second  winding  in  the 
same  slots  connected  for  a  different 
number  of  poles.  The  reason  for  this  is 
that  the  voltage  generated  in  part  of 
this  .second  winding  is  neutralized  by 
voltages  set  up  in  other  parts,  because 
the  rotating  field  and  the  winding  have 
diff'erent  numbers  of  poles.  It  is  the 
same  conception,  for  example,  as  a  ten 
pole  rotating  field  on  an  alternating- 
current  generator  operated  in  a  station- 
ary armature  whose  windings  are  con- 
nected for  eight  or  ten  poles — no  volt- 
age results  at  the  terminals.  Referring 
again  to  the  induction  motor,  if  the  two 
windings  arc  put  in  series  the  current 
for  one  winding  must  be  drawn  through 
Ihe  second  winding.  This  current  in 
turn  magnetizes  the  second  winding 
which  tries  to  set  up  a  field  of  its  own 
number  of  poles.  This  field  interferes 
with  the  first  field  and  one  or  the  other 
preilominates  causing  the  motor  to  run 
weakly  at  that  speed  witli  a  resultant 
field  strength  that  is  the  difference  be- 
tween the  two.  Manifestly  this  is  not  a 
proper  operating  condition.  We  recom- 
mend that  a  single  speed  wound  second- 
ary motor  be  used  if  alternating  current 
only  is  available;  but  if  direct  current  is 
available  a  scheme  using  dynamic  brak- 
ing will  probably  work  out  best  for 
the  conditions  given.  A.   M.   n. 

ii6s — Changing  Speed  of  Induction 
Motor — Please  inform  me  how  to 
change  a  20  horse-power,  three-phase. 
60  cycle  220  volt  induction  motor  hav 
ing  four  coils  per  phase  per  pole, 
eight  poles,  of'  coils  total  to  operate 
on  440  volts.  .Mso  please  advise  if  I 
can  change  a  100  horse-power.  60 
cycle,  three-phase,  440  volt  motor 
having  five  coils  per  pole  per  pliasc. 
eight  poles  and  120  coils  total,  from  a 
one  circuit  delta  connection  to  a  one 
circuit  Y  connection,  and  wdiat  dif- 
ference this  would  have  on  the  speed, 
as  I  am  under  the  impression  that  it 
would  run  faster  with  the  delta  con- 
nection than  with  the  V  connection. 
E.  M.  11.   (wash.) 

I  f  the  20  horse-power  motor  is  now 
operating  on  220  volts  it  would  be  neces- 
sary to  produce  the  effect  of  putting 
twice  as  nianv  turns  of  wire  in  the  coils 


to  make  it  satisfactory  for  operation  on 
440  volts.  This  might  be  accomplished 
in  two  ways.  As  the  motor  operates  on 
220  volts  at  present  it  may  be  that  the 
polar  groups  are  connected  in  two  par- 
allels. If  this  is  the  case,  these  polar 
groups  could  be  connected  in  series  and 
would  then  operate  satisfactorily  on  440 
volts.  Or  if  the  winding  is  at  present 
connected  in  series  delta  for  220  volts 
it  could  be  connected  in  series  star  and 
would  then  operate  normally  on  1.73 
times  220  equals  3H1  volts.  If  the  motor 
were  operated  on  440  volts  there  is  a 
chance  that  the  increase  in  voltage  from 
381  to  440  might  still  allow  reasonable 
operation.  In  such  event  the  iron  loss 
would  be  considerably  increased  and  the 
efficiency  and  power- factor  decreased. 
With  reference  to  the  second  part  of 
the  question  there  is  no  inherent  differ- 
ence between  a  "Y"  or  a  delta  connec- 
tion which  would  produce  a  difference 
in  speed.  The  speed  depends  primarily 
on  the  number  of  poles  and  the  fre- 
(piency  of  the  supply  circuit  and  varies 
very  little  with  the  voltage  within  the 
normal  limits  of  ordinary  operation.  If 
a  motor  normally  connected  for  delta 
operation  on  440  volts  is  re-connected 
for  "Y"  or  star,  it  should  be  run  on  1.73 
limes  440  volts  or  761  volts  to  give  the 
same  performance.  If  it  were  operated 
on  440  volts  it  would  act  in  a  similar 
manner  to  any  normal  motor  run  on 
half  voltage  and  would  develop  only 
about  one-quarter  the  horse-power 
which  it  <levcloped  wdien  originally  con- 
nectiMJ  normally  for  440  volts.  .\.  Nt.  I). 
1 166 — Automatic  Voltage  Regulators. 
The  instruction  book  supplied  with 
our  automatic  induction  voltage  regu- 
lators says  that  the  current  in  the  pri- 
mary or  shunt  winding  of  the  regula- 
tor is  greater  for  phase  rotation  one 
way  than  it  is  for  reversed  phase  rota- 
tion.   Kindly  e.xplain  why  this  is. 

E.  M.  G.  (c.\L.) 
The  fact  that  there  is  a  difference  in 
the  primary  current  of  a  polyphase  in- 
duction regulator  wlien  in  the  mid-posi- 
tion depending  upon  the  phase  rotation 
of  the  system  can  most  easily  be  ex- 
plained in  a  two-phase  regulator.  In  the 
mid  position  (i.e.  neither  buck  nor 
boost)  the  rotor  winding  of  one  phase 
is  directly  opposite  the  stator  winding 
of  the  otiier  phase  and  the  rotor  wind- 
ing acts  very  much  like  the  short-circuit 
winding  of  a  single-phase  regulator. 
Considering  any  given  phase  of  the  ro- 
tor winding,  it  will  have  a  current  in- 
duced in  it  by  the  opposite  phase  of  the 
stator  which  will  either  lag  or  lead  the 
voltage  of  the  rotor  by  90  degrees  (as- 
suming load  of  unity  power-factor)  de- 
I)cnding  upon  the  phase  rotation  of  the 
system.  The  magnetizing  current  flow- 
ing in  this  same  winding  will,  however, 
always  lag  behind  its  voltage  regardless 
of  the  phase  rotation.  Thus  in  one  case 
the  winding  must  carry  the  sum  of  the 
two  currents  while  in  the  other  it  carries 
only  the  difference.  The  same  is  true  of 
a  three-pha.se  regulator,  but  it  is  more 
difficult  to  explain  briefly  due  to  the  cur- 
rents being  120  degrees  apart  and  due 
to  one  phase  of  the  rotor  acting  as  a 
short-circuit  winding  for  the  two  other 
phases.  In  either  case  however  the  dif- 
ference in  current  is  due  to  the  induced 
short-circuit  current  being  reversed  with 
a  reversal  of  the  phase  rotation  while 
the  magnetizing  current  is  not  reversed 

E.  E. L. 
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PERSONALS 


Mr.  Carl  J.  Fechheimer,  who  for 
nearly  five  years  had  charge  of  the  de- 
sign of  alternating-current  machinery 
for  the  Crocker-Wheeler  Company,  has 
resigned  from  that  position  in  order 
to  accept  a  position  in  the  power  engi- 
neering department  of  the  Westing- 
house  Electric  &  Manufacturing  Co.  at 
East  Pittsburgh,  Pa. 


Mr.  G.  Brewer  Griffin,  formerly  man- 
ager of  the  detail  and  supply  sales  de- 
partment of  the  Westinghouse  Electric 
&  Mfg.  Company,  has  been  appointed 
manager  of  the  new  automobile  equip- 
ment department  of  the  Company  to 
which  he  will  devote  his  entire  time. 
There  has  been  an  extensive  growth  in 
the  manufacture  of  starting,  lighting  and 
ignition  outfits  for  gasoline  cars  and  on 
January  1st  a  separate  department  was 
organized  for  the  production  and  sale 
of  automobile  accessories. 


Mr.  E.  L.  Callahan.  Manager  of  the 
new-business  department  of  H.  M.  Byl- 
lesby  &  Company,  Chicago,  has  resigned 
to  become  district  manager  of  the  West- 
inghouse Lamp  Company,  at  Chicago. 

Mr.  John  J.  Gibson.  Manager  of  the 
Philadelphia  District  Office  of  the  West- 
inghouse, Electric  &  Manufacturing  Co., 
has  been  appointed  Manager  of  the  De- 
tail &  Supply  Department  with  head 
quarters  at  East  Pittsburgh.  The  ter- 
ritory of  the  Philadelphia  and  Balti- 
more District  Offices  will  be  consoli- 
dated and  will  be  known  as  the  Phila- 
delphia district,  Baltimore  being  made 
a  branch  office. 


Mr.  E.  C.  Geither.  formerly  of  the 
Industrial  &  Power  Department  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany's New  York  office  and  later  of  the 
Ingersoll-Rand  Company,  has  resigned 
his  position  with  the  latter  company  to 
take  charge  of  the  sales  of  Ellcon  Com- 
pany, at  SO  Church  street.  New  York, 
the  .\merican  Representatives  of  The 
Electro-Mechanical  Brake  Co.,  Ltd., 
England. 


Mr.  J.  H.  Jamison,  until  recentiv  of 
the  Spokane  office  of  the  Westinghouse 
Electric  &  Mfg.  Company,  is  now  in 
charge  of  the  detail  and  supply  depart- 
ment of  the  Seattle  district  office. 


Mr.  Charles  L.  Benjamin,  advertising 
manager  of  the  Cutler-Hammer  Manu- 
facturing Company  of  Milwaukee.  Wis., 
has  resigned  to  join  the  Klau-Van 
Pieterson-Dunlap,  Inc..  of  Milwaukee, 
an  advertising  organization  in  which  he 
has  acquired  an  interest. 


Mr.  H.  R.  Sheene  has  been  ao- 
pointed  sales  engineer  of  the  St. 
Louis  office  of  the  Union  S\\*ith  & 
Signal  Company,  Swissvale,  Pa. 


Mr.  H.  W.  Cope,  assistant  manager  of 
the  industrial  and  power  department  of 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany at  East  Pittsburgh,  has  been  ap- 
pointed director  of  the  Westinghouse 
exhibit  at  the  Panama-Pacific  Exposi- 
tion, and  is  now  located  at  San  Fran- 
cisco. 


Mr.  B.  G.  Fernald,  formerly  of  the 
Pittsburgh  office  of  the  General  Elec- 
tric Company  and  more  recently  sales 
manager  for  the  Best  Manufacturing 
Company  of  Pittsburgh,  has  been  ap- 
pointed district  manager  of  the  New 
York  office  of  the  Kerr  Turbine  Com- 
pany, Wellsville,  New  York. 


Mr.  W.  R.  Pinckard,  manager  of  the 
detail  and  supply  department  of  the 
Chicago  office  of  the  Westinghouse 
Electric  &  Mfg.  Company,  has  been 
elected  president  of  the  Chicago  Elec- 
tric Club  for  the  ensuing  year. 


Mr.  George  J.  Kirchgasser  has  re- 
cently been  appointed  advertising  man- 
ager of  the  Cutler-Hammer  Manufac- 
turing Company  of  Milwaukee,  to  suc- 
ceed Mr.  Charles  L.  Benjamin  resigned. 


Mr.  H.  H.  Seabrook,  manager  of  I  he 
Baltimore  district  office  of  the  Westing- 
house Electric  &  Mfg.  Company,  has 
been  made  manager  of  the  Philadelphia 
district  office  and  the  territory  of  the 
latter  office  extended  to  include  that 
of  the  Baltimore  district  office,  the  lat- 
ter becoming  a  branch  office. 


Mr.  W.  H.  .\rkenburgh.  publicity 
manager.  Union  Switch  &  Signal  Com- 
pany, has  resigned  and  joined  the  sales 
department  of  the  National  Carbon 
Company  at  Cleveland,  Ohio,  where  he 
will  have  charge  of  railway  and  signal 
work  in  Canadian  territory. 


Mr.  W.  P.  Cochran,  manager  of  ilie 
industrial  and  power  department,  Balti- 
more office  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  been  ap- 
pointed manager  of  the  Baltimore  office. 


The  Union  Switch  &  Signal  Com- 
pany has  made  the  following  chanTes 
and  appointments: — V.  K.  Spicer.  spe- 
cial representative,  Chicago  office;  W. 
H.  Talbert,  resident  manager,  Chi- 
cago office:^  S.  E.  Gillespie  and  J.  L. 
Lucks,  en,gineers,  Chicago  office:  \. 
Dean,  resident  manager.  New  York 
office:  Harold  McCready,  office  man- 
ager. New  York  office:  Messrs.  H.  W. 
Griffin.  R.  P.  Tuttle.  L  N.  White  and 
H._H.  Hamilton,  en.gineers.  New  York 
office:  T.  \.  Patenall.  resident  man- 
ager, Montreal  office. 


The  Kennedy-Stroh  Corporation  of 
Pittsburgh,  with  a  capitalization  of  ap- 
proximately two  and  one-half  million 
dollars,  has  taken  over  all  rights,  pro- 
cesses and  factories  of  the  Kennedy 
Manufacturing  and  Engineering  Co.,  of 
New  York.  The  Stroh  Steel  Hardening 
Process  Company,  the  Lawrence  Steel 
Casting  Company  and  the  Best  Manti- 
facturina'  Company  of  Pittsburgh,  Pa. 
They  will  operate  as  a  main  plant  the 
factory  at  Oakmont,  Pa.,  formerly  op- 
erated by  the  Best  Mfg.  Co..  also  the 
old  Lawrence  Steel  Plant  at  32nd  St. 
and  .\.  \.  R.  R.,  Pittsburgh,  as  the 
Lawrence  Department.  The  Kennedy 
line  of  mining,  crushing,  cement  making 
and  conveying  machinery  is  one  of  the 
most  extensive  of  .American  manufac- 
ture. _  The  Stroh  Steel  Hardening  Pro- 
cess is  a  method  of  casting  two  kinds  of 
steel  in  one  solid  casting  in  such  a  man- 
ner that  the  hard  alloy  comes  on.  and 
only  on.  the  parts  which  are  subjected 
to  wear.  The  Lawrence  Steel  Casting 
Company,  which  was  established  in 
iSS.'!.  is  one  of  the  first  concerns  of  its 
kind  in   the   Pittsburgh   District,  and   is 


both  well  and  favorably  known.  The 
Best  Manufacturing  Company  has  been 
manufacturing  a  superior  line  of  power 
piping,  flanges,  fittings  and  valves  for 
thirty  years  and  has  made  some  of  the 
largest  piping  installations  in  service 
in  the  United  States.  Mr.  W.  H. 
Schoen,  formerly  connected  with  the 
Schoen  Pressed  Steel  Co. — now  the 
Pressed  Steel  Car  Co.,  is  president  of 
the  new  corporation  and  will  be  the 
active  business  head.  Mr.  J.  E.  Ken- 
nedy, who  is  Vice-President  and  Chief 
Engineer,  has  been  recognized  as  the 
leading  designer  of  mining,  and  other 
machinery  which  bears  his  name,  for 
more  than  twenty  years.  Mr.  J.  L.  Ken- 
dall, of  the  Kendall  Lumber  Company 
and  allied  interests;  one  of  the  most 
prominent  financiers  of  Pittsburgh,  is 
Treasurer.  Mr.  J.  D.  Hiles,  who  has 
been  connected  with  the  Best  Mfg.  Co. 
for  the  past  fourteen  years,  is  Secre- 
tary. Mr.  W.  Y.  Stroh  of  the  Str.^h 
Steel  Hardening  Process  Co.,  is  Gen- 
eral Manager  and  Metallurgist.  Sales 
will  be  handled  by  Mr.  C.  Lee  Straub 
and  Mr.  H.  K.  johann  for  the  Ken- 
nedy Mfg.  &  Engineering  Dep't..  Mr. 
John  M.  Sherrard  and  Mr.  O.  L.  Mills 
for  the  Stroh  Steel  Hardening  Process 
Dep't..  Mr.  W.  H.  Green  for  the  Law- 
rence Steel  Casting  Dep't.,  and  Mr.  B. 
I'"lriersheim  and  Mr.  J.  W.  Prenter  for 
the  Best  Mfg.  Dep't.  The  central  plant 
i>f  the  Corporation,  which  is  located  in 
the  heart  of^  the  Pittsburgh  Mill  Dis- 
trict, was  originally  constructed  by  the 
late  R.  T.  Crane  of  Chicago,  and  is  still 
considered  a  model  factory.  Extensive 
additions  are  being  made  to  these  al- 
ready fine  buildings  and  equipment, 
which,  when  completed,  w'ill  give  ex- 
tensive facilities  for  high  grade  work 
and  employment  to  not  less  than  2.000 
men.  The  Corporation  already  has 
mider  cmUract  for  IQ15  more  than  one 
million   dollars'   worth   of   business. 


NEW  BOOKS 


"Electricity  in  Coal  Mining" — David  R. 

-Shearer.      84    pages,    28    illustrations. 

Published      by      McGraw-Hill      Book 

Company.     Price.  $1.50. 

This  little  book  covers  in  outline 
methods  of  procedure  in  laying  out  the 
electrical  equipment  for  use  in  coal 
mining,  beginning  with  some  elemen- 
tary direct  and  alternating-current  cal- 
culations, followed  by  sections  on  bell 
and  signal  systems,  the  selection  and 
installation  of  power  plant  equipment, 
including  prime  movers,  generators : 
followed  by_  chapters  on  motors  and 
haula.ge  equipment,  mine  locomotives, 
coal  cutting  machinery,  operation  of 
fans  and  pumps,  with  an  appendix  con- 
taining some  useful  engineering  data. 


The  Pelton  water  wheel  as  displaved 
in  the  booklet  entitled  "The  Pelton  Sys- 
tem of  Power."  shows  the  adaptability 
of  water  wheels  to  the  driving  of  every 
type  of  machinery.  This  bulletin  con- 
tains a  great  deal  of  hydraulic  informa- 
tion that  has  never  before  been  pub- 
lished, and  is  well  worth  a  place  on  the 
shelves  of  any  library  whose  owner  has 
occasion  to  use  power  for  any  purpose 
whatsoever.  The  San  Francisco  or  New- 
York  office  of  The  Pelton  Water  Wheel 
Company  will  be  pleased  to  supply 
copies  of  this  bulletin  to  any  readers 
who  will  mention  "The  Electric  Journal" 
In  their  requests. 
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Shell  Moulding 

When   the  specifications  call   for   thin 
parts,  they  mould  them  of 

BAKELITE 

BAKELITE  moulded  pieces  are  harder  and  stronger 
tliiin  hard  rubber  and  have  higher  heat  resistance. 
With  this  great  mechanical  strength  is  combined  high 
dielectric  strength  and  resistance  to  solvents  such  as 
alchohol.  gasoline,  etc. 

BAKELITE  moulded  insulation  withstands  steam, 
oil  and   most  chemicals. 

BAKELITE  has  exceptional  moulding  qualities;  the 
beautiful,  lasting  finish  is  not  the  result  of  polishing 
and  buffing — that  expense  is  saved — BAKELITE  parts 
have  their  final   finish  when   they   come  from  the  die. 

Each  BAKELITE  piece  is  exactly  like  every  other 
piece  from  the  same  mould.  Moulding  in  metal  inserts 
saves  the  expense  of  drilling,  tapping  and  fitting. 

GENERAL  BAKELITE  COMPANY 

100  WILLIAM    STREET,    NEW  YORK 
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Chicago's 
Most  Convenient  Hotel 

Business  men  visiting  Chicago  find  econom- 
ical luxury  and  greatest  convenience  at  this 
newest  of  all  Chicago  hotels. 
Located  opposite  the  La  Salle  Street  Station,  just 
across  the  street  from  the  Board  of  Trade.  In  the 
heart  of  the  financial,  wholesale  and  general  busi- 
ness districts.  Sixteen  railroad  terminals  within 
three  blocks. 

Fort  Dearborn  Hotel 

LA  SALLE  STREET  AT  VAN  BUREN 

Every  room  an   outside 
room,   with    either   pri- 
vate bath  or  toilet. 
Rates:  $L50,  S2.00  and 
$2.50.  no  higher. 
Positively  fireproof. 

HOTEL  SHERMAN 

COMPANY 

Chicago 
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"Social     Insurance"     in     the     United 

Social  States   is   of   so   recent   establishment 

Insurance      th^t  we  have  not  yet  thirty  years"  ex- 

in  perience  with  it.     In  this  period  it  has 

Practice        proved  of  such  value  that  in  almost  all 

large  industries  is  found  some  form  of 

this  now  widespread  safeguard  to  the  comfort,  health 

and  happiness  of  the  large  army  of  wage  earners,  as 

w-ell  as  those  dependent  upon  them.     Social  insurance 

now  includes  : — - 

First — Sickness  and  accident  relief,  securing  sick  bene- 
fits and  accident  benefits  on  account  of  accidents  occurring 
while  not  in  service  as  an  employee ; 

Seconii — ^^'orkmen's  compensation,  including  accident 
benefits  for  accidents  occurring  while  in  service  as  an  em- 
ployee, sometimes  also  including  pensions  to  dependents  if 
accident  is  fatal ; 

Third — Service  pensions  to  employees  grown  old  in  the 
service  upon  their  arriving  at  an  age  when  productive  ca- 
pacity is  low ; 

Fourth — Life  insurance  in  moderate  amount,  usually 
with  the  service  pensions  omitted. 

Any  one  or  more  of  these  divisions  of  social  in- 
surance may  be  instituted  by  an  employer  but  very 
rarely  are  all  provided  by  the  same  employer.  The 
provisions  and  benefits  under  each  of  these  divisions 
may,  of  course,  be  large  or  small,  wisely  or  unwisely 
arranged,  according  to  the  liberality  of  the  plan  and 
its  more  or  less  wisely  arranged  provisions. 

As  clearly  explained  in  the  article  by  Mr.  Dawson 
in  this  issue  of  the  Journal,  the  Westinghouse  Elec- 
tric &  Mfg.  Company's  plan  of  social  insurance  in- 
cludes the  first  three  divisions,  viz :  Sickness  and  Ac- 
cident Relief,  Workmen's  Compensation  and  Service 
Pensions.  The  officers  of  the  Westinghouse  Electric 
&  Mfg.  Company,  in  laying  out  a  plan  of  social  in- 
surance for  the  benefit  of  their  employees,  determined 
to  do  so  with  a  complete  recognition  of  the  dignity  of 
labor  and  the  importance  of  preserving  to  all  em- 
ployees the  full  measure  of  their  self-esteem. 

The  workmen's  compensation  benefits,  covering 
cases  of  injurv  or  death,  while  in  the  service  of  the 
Company,  were  made,  it  is  believed,  on  liberal  lines 
and  go  to  the  injured  employee  or  his  dependents 
without  any  contribution  from  the  employees.  This 
is  proper  on  the  principle  now  becoming  generally 
recognized,  that  an  injured  employee  should  be  aided 
until  recoven,'  by  the  employer  and  that  this  aid  is 
a  proper  charge  against  the  cost  of  production  in  the 
business  just  as  much  as  is  the  repair  and  maintenance 
of  the  mechanical  or  other  equipment  of  the  estab- 
lishment. The  compensation  benefits  should  not, 
therefore,  be  considered  as  in  any  way  a  charity  to 
the  employee. 

This  obligation  to  aid  the  employees  does  not  ex- 
tend to  benefits  paid  on  account  of  accidents  which 
may  happen  to  them  outside  the  Companv's  emplov  or 


to  sickness  that  they  may  contract  from  natural  or 
other  causes  than  those  of  employment.  It  tends  to 
pauperize  the  employees  and  certainly  to  lower  their 
self-esteem  to  have  the  employer  pay  benefits  during 
disability  for  which  the  employer,  as  such,  is  in  no 
way  responsible.  It  is  of  the  greatest  importance  to 
the  employee  that  benefits  on  account  of  disabilities  of 
long  duration  should  be  paid  throughout  the  entire 
period,  because  in  such  cases  any  resources  which 
might  enable  a  disability  of  short  duration  to  be  en- 
dured would  probably  be  entirely  exhausted,  and  the 
emploN-ee  and  those  dependent  on  him  left  in  great 
distress.  Unfortunately,  no  insurance  company  will 
adequately  cover  such  risks  during  the  entire  contin- 
uance of  disability,  even  at  a  cost  quite  prohibitive. 
Owing  to  the  large  number  of  employees  involved  and 
the  character  of  their  employment,  an  experience  of 
about  ten  years  by  the  Westinghouse  Electric  &  Mfg. 
Company  has  demonstrated  that  this  sickness  and  ac- 
cident insurance  can  be  covered  at  the  moderate 
charge  to  the  employee  explained  by  Mr.  Dawson,  pro- 
vided there  is  nothing  charged  against  this  fund  for 
the  cost  of  administration,  supervision  or  medical 
service  and  supplies.  As  the  Company  must  provide 
medical  service  and  adequate  supervision  to  adminis- 
ter the  workmen's  compensation  benefits,  they  are  able, 
at  very  little  extra  expense,  to  care  for  this  outside 
sickness  and  accident  relief  work  for  the  employees 
and,  therefore,  have  determined  to  give  those  con- 
tributing to  this  Relief  Fund  the  benefit  of  such 
service  without  charge. 

Pensions  for  those  of  its  employees  who  have 
served  twenty  years  or  more  and  have  finally  reached 
an  age  when  they  could  no  longer  maintain  their  place 
with  the  3'ounger  rank  and  file  were  also  considered 
to  be  a  fair  charge  on  the  business  and  it  was  deter- 
mined to  include  provisions  for  such  pensions. 

No  provision  is  made  for  ordinary  life  insurance, 
this  being  easily  and  cheaply  obtained  by  the  em- 
ployees as  required  through  many  well-known  chan- 
nels. It  is  further  believed  that  this  life  insurance,  like 
insurance  against  sickness  and  outside  accidents,  is  no 
more  an  obligation  of  the  employer  to  provide  than 
the  sustenance,  housing  and  many  other  ordinary  and 
always  varying  requirements  of  the  employee. 

By  the  provisions  made,  it  is  believed  that  no 
employee  should  come  to  want  by  reason  of  disabling 
accident  on  or  off  duty,  from  sickness,  no  matter  how 
long  continued,  or  from  superannuation,  nor  should  the 
dependents  of  those  losing  their  lives  in  the  service  or 
dying  while  on  the  pension  roll,  be  irnpoverished. 

E.  M.  Herr 
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It  is  interesting  to  note  that  the  va- 
Progress       rious      vehicles      for      transportation, 
of  the         which    are   used   or   operated    by    the 
Electric        inchvidual    owner,   owe   their   original 
Vehicle        de\eloi)inent    to    a    search    for    pleas- 
urable   diversion,   rather    than   to   an 
attempt  to  obtain  a  vehicle  of  utility.     The  bicycle,  the 
electric  pleasure  car,  the  steam  and  gasoline  pleasure 
cars  and  the  various  forms  of  self-propelled  water  and 
air  craft  have  passed  through  this  stage.     Speed,  com- 
plete control  of  the  vehicle  by  the  operator  and  rea- 
sonable safety  were  the  principal  factors  first  sought. 
J-ow  initial  cost,  economy  in   operation,  and  absolute 
safety  and   relialjility  were  relatively    minor    factors. 
The  electrically-driven  ])leasurc  and  commercial  cars 
have   passed    through     this    stage,   and   their   success 
cannot  be  said  to  be  due  to  an  artificial  demand  of  a 
temporary   nature.     The   success   of   the   commercial 
electric  vehicle  has  been  quite  broad,  and  is  increasing 
to  a  remarkable  degree. 

The  progress  that  is  being  made  in  the  safe, 
rapid  and  economical  transportation  of  goods  presents 
one  of  the  most  interesting  features  of  our  daily  life. 
Obviously,  by  far  the  g-reatest  amount  of  thought  and 
energy  has  been  devoted  to  solving  problems  in  con- 
nection with  hauling  goods,  usually  in  large  bulk,  con- 
siderable distances,  as  done  by  the  railroads  and  some 
public  service  corporations.  Only  recently  has  a  broad 
and  careful  study  of  the  distribution  of  goods  locally, 
such  as  the  delivery  of  goods  by  the  retailer  to  the 
user,  or  by  the  wholesaler  in  somewhat  larger  quan- 
tities to  the  retailer,  been  taken  up.  Competition  has 
forced  the  retailer  to  deliver  his  goods  to  the  ultimate 
user.  This  delivery  has  been  accomplished  by  adopt- 
ing the  means  closest  at  hand,  usually  the  horse  and 
wagon.  Competition  is  leading  tl:e  retailer  to  analyze 
the  factors  that  go  to  make  up  the  cost  of  selling,  and 
he  is  learning  what  factors  compose  the  total  cost  of 
distribution,  and  furthermore  how  his  business  can 
be  extended  by  improving  his  delivery  service. 

In  such  work  rests  largely  the  success  of  the  elec- 
tric commercial  truck  or  delivery  wagon,  one  leading 
advantage  of  which  is  its  adaptability  for  the  econom- 
ical distribution  of  a  larger  number  of  small  ])ackages 
of  goods  over  a  local  district.  Retailers  are  familiar 
with  horses,  wagons  and  liverv  stables.  Comparatixely 
few  of  them  are  familiar  with  the  electric  vehicle, 
or  for  that  matter  with  anv  self-iiropelled  vehicle ;  nor 
are  they  familiar  with  the  maintenance  of  such  ve- 
hicles. For  this  reason,  the  successful  manufacturer 
of  electric  trucks  is  not  devoting  his  time  solely  to  a 
discussion  of  the  advantatres  of  his  car.  What  is 
necessary  is  a  complete  analysis  of  the  individual  re- 
tailer's present  method  of  distribution,  and  the  presen- 
tation to  him  of  a  better  and  more  economical  method 
of  distribution  in  a  complete  form.  No  one  buys  a 
horse  and  wagon  without  providing  for  its  storage  and 
maintenance,  likew'ise  no  merchant  should  buy  an  elec- 
tric car  without  similar  provisions.     It  is  gratifying 


that  manufacturers  of  electric  commercial  vehicles  are 
recognizing  this  and  are  presenting  to  the  retail  and 
wholesale  merchants  a  means  of  service  zvorkcd  out  in 
detail,  rather  than  merely  a  piece  of  apparatus. 

Much  has  been  done  within  recent  years  to  per- 
fect electric  vehicles.  As  will  be  seen  by  an  article 
entitled  "Electric  Vehicle  Motors,"  appearing  upon 
another  page,  time  and  thought  have  been  given  not 
onl)-  to  improvements  in  the  design  of  vehicle  motors 
but  also  to  modifications  adapting  them  to  the  common 
classes  of  service.  Bernard  Lester 


The   article   by   Mr.   Paul    MacGahan 
The   Relay     <jn   "The   Selective  Time  Element   of 
as  a  Relays"  is  of  more  than  ordinary  in- 

Load  Builder  terest,  and  it  should  be  appreciated  by 
the  profession  in  general.  The  im- 
portance of  continuity  of  service  is  becoming  more 
and  more  vital  to  the  commercial  engineer  as  well  as 
to  the  operating  engineer.  The  remarkable  growth 
in  central  station  service  during  the  last  few  years 
is  due  almost  entirely  to  power  customers,  which  is 
the  class  of  business  that  increases  the  load-factor  and 
therefore  the  return  for  a  given  investment.  There 
is  no  greater  aid  in  securing  this  class  of  business  than 
uninterrupted  service. 

No  piece  of  electrical  apparatus  has  been  more 
neglected  than  the  relay.  This  has  been  due  in  a 
measure  to  the  fact  that,  normally,  the  relay  does  not 
operate  and  there  has  been  no  definite  information  as 
to  its  action  during  the  time  it  does  operate.  And, 
since  its  faults  have  been  in  improper  operation 
rather  than  in  failure  to  operate,  the  results  have  not 
been  disastrous.  Therefore,  there  was  no  cause  for 
emergency  investigations.  The  earliest  forms  of  re- 
lays, though  crude,  performed  their  duty  satisfactorily 
when  they  operated  independently,  so  that  their  er- 
rors did  not  cause  them  to  interfere  with  one  another. 
But  since  the  electrical  systems  have  been  so  extended 
that  the  relays  have  to  operate  together,  the  old  types 
are  inadequate,  since  their  inaccuracies  allow  short- 
circuits  to  hold  on,  resulting  in  the  loss  of  synchronous 
load,  if  circuits  on  which  there  was  no  trouble  are  cut 
out.  It  is  not  unusual  for  an  entire  system  to  be  shut 
down  due  to  a  short-circuit  on  a  branch  circuit,  when 
with  accurate  relay  operation  the  trouble  would  have 
been  confined  to  a  single  circuit. 

There  always  seems  to  be  a  tendency  for  en 
gineers  to  continue  to  use  apparatus  of  a  ty])e  to 
which  they  have  become  accustpmed  until  a  certain 
amount  of  educational  work  is  done  to  give  them  a 
clear  understanding  of  all  the  factors  entering  into  the 
subject.  The  present  article  by  Mr.  MacGahan  is 
particularly  valuable  along  this  line,  as  it  goes  into 
the  subject  thoroughly  and  explains  how  the  proper 
selective  action  can  be  obtained,  provided  the  relays 
are  accurate  and  their  settings  based  on  a  knowledge 
of  the  system  to  be  protected.        F.  S.  Rickett.s 


The  Selective  Time  Element  of  Relays 

Paul  MacGahan 

Detail  and  Supply  Engineering  Department, 
Weslinghouse  Electric  &f  Mfg.   Company 

THE  old  idea  in  regard  to  relay  settings  was  that  the  accuracy  of  the  current  setting  at  which 
the  relay  should  trip  was  most  important,  and  that  in  addition  an  inverse  time  element  should  be 
introduced,  the  exact  amount  of  which  was  not  important.  This  was  a  direct  outcome  of  the  original 
idea  on  protection — that  settings  of  relays  or  circuit  breakers  were  to  be  adjusted  to  guard  against 
overloads,  so  as  to  protect  apparatus  principally  against  overheating.  While  this  is  still  partially 
true  for  relays  used  in  connection  with  branch  circuits  operating  motors  or  lights,  it  no  longer  holds 
for  main  lines  and  feeders  in  distributing  systems. 


THE  MODERN  IDEA  with  reference  to  relays 
is  to  insure  continuity  of  service ;  to  protect 
against  loss  of  synchronous  load,  and  by  se- 
lective timing  action  to  disconnect  only  such  portions 
of  circuits  as  are  in  trouble,  with  a  minimum  disturb- 
ance ;  in  fact,  without  disturbing  any  other  service 
than  that  necessary  to  isolate  a  defective  cable  or 
feeder.  In  some  cases,  more  than  one  route  is  pro- 
vided for  the  power  to  reach  the  point  of  application 
— such  as  by  means  of  tie  lines,  parallel  feeders,  ring 
connected  feeders,  etc.,  and  relays  are  relied  upon  to 
select  and  disconnect  defective  sections  only. 

PRELIMINARY  D.^TA  IN  THE  SETTING  OF  RELAYS 

In  order  to  predetermine  the  proper  settings  for 
the    various    relays    in  a  system    of    distribution,*  the 


FIG.  I — CURVES  SHOWING  THE  RATE  OF  CURRENT  DECREASE  UNDER 
■.SE  CONDITIONS  OF  MAXIMUM  POSSIBLE  SKORT-CIRCUIT  FOR 
THREE  TYPICAL  GENERATORS 

characteristics  of    the   generators    and   of   the   system 

must   be   known    as  well  as  the  characteristics   of   the 

automatic  apparatus,  circuit  breakers,  regulators,  etc 

In  general,  before  proceeding  to  set  the  time  elements 

of  relays  the  following  data  is  necessary : — 

I — The  "instantaneous"  short-circuit  value  of  current 
through    each    conductor    to    which    relays    may    be 
applied. 
2 — The     "sustained"     short-circuit     value     of     current 

through  each  conductor. 
3 — The  time  in  changing  from  I  to  2. 
4 — The  time   required   for   the   various   automatic   circuit 
breakers    to    open    the    circuit    after    the    application 
of  current  to  their  coils. 


5 — The   safe   circuit-opening  capacities   of  the  various 

circuit  breakers. 
6 — The  time   characteristics   of   the   various    relays. 
7 — The  probability  and  amount  of  reversal  of  flow  of 

energy,     in     the     case     of     circuits     operated     in 

parallel. 

The  values  of  short-circuit  currents  depend  par- 
tially upon  the  characteristics  of  the  generator  used 
and  partially  upon  the  impedance  of  the  circuit  to  the 
p(jint  to  which  the  relays  are  connected.  The  further 
the  point  of  application  is  from  the  generator,  and  the 
more  apparatus  is  included  between  the  point  in  ques- 
tion and  the  generator,  the  less  will  be  the  difiference 
between  the  instantaneous  short-circuit  value  /  and 
the  sustained  short-circuit  value  _'.  The  time  elaps- 
ing for  the  current  to  decrease  from  condition  /  to 
condition  2  is  shown  for  certain  generators  in  Fig.  i, 
from  which  it  is  seen  that  for  the  particular  gen- 
erators tested  the  currents  can  be  taken  as  having  de- 
creased to  one-fifth  of  the  initial  short-circuit  value  / 
inside  of  one  second.  Other  generators  may  show  a 
greater  divergence  in  this  respect.* 

The  current  wave  at  short-circut  may  be  sym- 
metrical or  unsymmetrical  up  to  0.15  or  0.25  seconds, 
depending  upon  the  point  of  the  voltage  wave  at  which 
the  short  is  closed ;  and  the  initial  rate  of  decrease  is 
greatly  affected  by  the  degree  of  dissymmetry.  After 
this  time  the  current  wave  is  symmetrical  and  the  rate 
of  decrease  is  practically  the  same  regardless  of  the 
degree  of  dissymmetry  during  the  first  few  cycles. 
The  sum  of  the  positive  and  negative  peak  values  of 
the  first  current  cycle  of  a  short-circuit  is  apjjroxi- 
mately  the  same  for  any  given  machine  and  voltage. 
The  rate  of  decrease  is  materially  faster  during  a 
single-phase  short-circuit  than  during  a  three-phase 
short-circuit  on  any  given  machine,  although  the  sus- 
tained single-phase  short-circuit  current  is  about  50 
percent  greater  than  the  sustained  three-phase  short- 
circuit  current  for  equal  field  currents. 

These  tests  represent  a  condition  of  constant  field 
current  during  the  entire  time  of  short-circuit  such  as 
would  be  obtained  on  an  unloaded  machine  without  an 
automatic  voltage  regulator.  Equipped  with  a  regu- 
lator, the  field  current  will  be  increased  approximately 
two  to  four  times  its  no-load  value,  which  in  turn  will 
increase  the  sustained  current  in  proportion  to  the  in- 
crease of  field  current.     It  is  believed  that  the  pres- 


*See  article  by  Mr.  F.  E.  Ricketts,  in  the  Journal  for  *See  article  by  Mr.  J.  N.  Mahoney,  in  the  Journal  for 

April,  1914,  p.  227.  Xovcniber.  1013. 
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ence  of  a  regulator  on  a  machine  will  ha\e  no  appre- 
ciable effort  on  the  iiislaiitaiicous  current  values  dur- 
ing the  unsymnietrical  period  of  short-circuit. 

KELATrON    (H'    RELAY    TIME    ELEMENT   TO    CIRCUIT 
BREAKER  RATING 

In  general,  the  time  elements  of  relays  should  lie 
as  short  as  possible  withnut  jenpardizing  the  selcctixe 
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FIG.    2 — CHARACTERISTIC    TIME    CURVES    OF    AN    INVERSE    TYPE 
HEI.LOWS    RELAY 

Tlic   various   curves   correspond    to    the    settings    of    the 
needle   valve   in   the   ]ielIows. 

action  and  ccnitinuity  of  service,  or  without  causing 
the  circuit  breakers  to  open  before  a  "short-circuit" 
has  died  down  to  a  value  that  can  be  safely  opened  by 
the  circuit  breaker.  This  last  consideration  is  one  of 
e.x])cdiency  only,  for  in  order  to  get  the  best  resulls 
£L      (C|  the    circuit    breakers    should 

be  of  sufficient  capacitv  to 
dn  llieir  part  in  the  general 
protective  scheme  found  de- 
sirable for  the  system.  Thus 
in  selecting  the  ])ro])cr  cir- 
cuit breakers,  it  should  be 
borne  in  mind  that  the  rat- 
ings of  circuit  lircakers  are 
afton  arranged  according  lo 
whether  or  not  they  are  tn 
be  called  upon  to  trip  in 
slantaneously  or  after  the 
^u>lained  short-circuit  value 
111'  iiirrcnt  is  established.  In 
the  case  of  radial  feeders  it 
may  be  that  the  more  re- 
mote switches  would  be  re- 

FIG.   3-iNVERSE   TIME   ELE-  4""-tHl      to     liavc      actually 
MENT  RELAY   WITH  COVER  greater   capacity   than   those 

REMOVED  ^1  ,•  1 

nearer    the    gcneratmg    end. 
so  that  they  can  l)e  timed  to  go  out  more  quickl)'*. 

In  line  with  the  later  developments  in  the  practice 
of  relay  applications,  it  becomes  of  paramount  impor- 
tance to  have  a  relay,  the  time  element  of  which  is 
positive,  reliable,  and  accurate ;  the  accuracy  of  the 
adjustment  of  current  value  required  to  trip  is  not  a 


matter  of  great  concern,  for,  when  a  short-circuit  oc- 
curs, the  current  setting  of  the  relays  is  exceeded  by 
at  least  several  hundred  percent.  This  is  especially 
true  in  .systems  of  large  generating  capacity. 

TYPES   OF   TIME    ELEMENTS 

The  time  elements  in  relays  in  most  general  use 
consist  of  either  the  bellows  type  or  the  induction 
type  with  magnets  acting  to  "damp"  the  motion  of  a 
disk.  In  other  words,  the  damping  may  be  either  me- 
chanical of  electrical.  In  addition  to  bellows  time  ele- 
ments and  magnets  acting  upon  wattmeter  disks,  dash- 
pots  and  clock  work  escapements  have  been  used  in 
the  past,  but  have  been  found  unsatisfactory  in  ac- 
curacy or  reliability  except  for  special  purposes  and 
will  accordingly  not  be  considered.  The  bellows  time 
element  relay  was  one  of  the  direct  products  of  tlie 
old  ideas  as  to  relay  settings.  These  relays  are  still 
the' most  generally  known  means  of  giving  time  ele- 
ments to  overload  protective  devices,  and  are  made  by 
I  several  manufacturers,  in  the  "inverse"  type  or  the 
"definite"  type.  Fig.  2  shows  a  characteristic  time 
curve  of  an  "in\erse"  bellows  relay,  and  Fig.  5  shows 
the  time  element  action  of  a  "definite"  time  relav. 
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FIG.    Ji — TYPICAL    (.KXERATING     AND    DISTRIBl'TING     SYSTEM     WITH 
THE    CIRCUIT   BREAKERS    NECESSARY    FOR    PROTECTION 

The  locations  of  the  circuit  breakers  indicate  tlie  possibili- 
ties of  accurate  time  clement  relays  in  isnlating  a  defective 
section  without  the  loss  of  synchroncnis  load. 


In  all  bellows  relays,  the  construction  consists 
essentially  of  an  electromagnet,  a  core,  contacts  actua- 
ted by  the  core  when  it  completes  its  stroke,  and  a  de- 
laving  mechanism  consisting  of  a  leather  bellows,  hav- 
ing a  "needle  valve"  or  vent  for  ejection  of  the  air  at 
a  supposedly  predetermined  rate.  These  features  are 
indicated  in  Fig.  3. 

In  the  "inverse"  time  element  relay,  the  core  acts 
directly  to  compress  the  bellows,  carrying  the  contact 
member  with  it ;  thus  the  greater  the  overload,  the 
shorter  the  time. 

In  the  "definite"  time  element  relay  a  spring  is  in- 
terposed between  the  core  and  the  bellows  so  that 
when  the  current  setting  is  exceeded,  the  core  rises  in- 
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stantaneously  compressing  the  bellows  spring;  the 
latter  then  expands  compressing  the  bellows  at  a  rate 
independent  of  the  amount  of  overload.  Owing  lo 
the  necessity  for  making  this  intermediate  spring 
fairly  strong,  in  order  to  make  good  contact,  the  lower 
overloads  show  an  inverse  time  characteristic  in  the 
"definite"  relay,  Fig.  5,  which  rapidly  reaches  a 
definite  time  value  at  higher  overloads. 

Although  mechanically  damped    relays  are  satis- 
factory for  protection  against  overloads — that  is,  pro- 
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FIG.    5 — CURVES    SHOWING    THE    EFFECT    OF    THE    TORQUE    COMPEN- 
SATOR  ON    THE   INDUCTION    TYPE   RELAY 

A — Time  action  without  compensator. 

B — Time  action  with  compensator,  showing  the  definite 
time  element  of  two  seconds  under  all  conditions  of  load. 

Note — The  curves  up  to  .soo  percent  are  plotted  to  a 
larger  scale  for  the  sake  of  accuracy. 

tecting  apparatus  from  overheating  where  the  amount 
of  time  element  is  not  important,  it  should  be  re- 
marked that  they  were  designed  at  a  time  when  the 
idea  of  selective  protection  was  not  yet  developed. 
Accordingly  they  do  not  have  a  sufficient  accuracy  of 
time  setting  for  use  where  selective  protection  is  de- 
sired. The  lack  of  accurac}-  is  due  to  the  following 
variations,  all  well  known  to  station  engineers  and 
operators : — 

I — Variations  in  the  bellows  leather,  due  to  weather, 
stiffening,  dampening,  etc. 

2 — Variations  in  the  amount  of  air  contained,  due  to 
the  time  which  has  elapsed  since  previous  over- 
load. 

3 — \'ariations  due  to  dirt  or  rust  in   the  needle  valve. 

4 — Variations  due  to  the  impossibility  of  close  adjust- 
ment of  the  needle  v.'ilve. 

5 — Variations  due  to  vibration  or  chattering  from  pul- 
sations of  the  alternating-current  electromagnet 
core. 

6 — Variations  due  to  friction  of  the  various  moving 
parts. 

In  addition  to  the  above  shortcomings,  the  ."in- 
verse" time  element  bellows  relays  have  the  very  un- 
fortunate characteristic  (so  far  as  selective  protection 
is  concerned)  of  becoming  instantaneous  at  heavy 
overloads.  This  prevents  the  use  of  these  relays 
where  it  is  desired  to  trip  only  the  circuit  nearest  to 
the  fault.  For  example,  in  Fig.  4,  assume  a  short- 
circuit  on  the  alternating-current  distribution  feeders, 
the  whole  system  being  equipped  with  bellows  relay.s 
The  short-circuit  is  in  general  of  sufficient  magnitude 
to  cause  all  the  relays  from  the  fault  to  the  source  of 
supply  to  become  practically  instantaneous  and  thus 
any  of  the  relays  are  liable  to  trip  out,  instead  of  only 
the  one  nearest  the  fault.     If.  however,  each  relay  is 


provided  with  a  time  element  which  has  a  definite 
minimum  value,  no  matter  how  high  an  overload,  the 
procedure  would  be  to  set  the  time  element  of  the  most 
remote  circuit  breaker  to  the  lowest  value  desired,  and 
to  adjust  the  time  element  of  each  succeeding  circuit 
breaker  toward  the  source  of  supply  to  a  slightly 
greater  time.  Thus  no  more  circuit  breakers  would 
go  out  than  absolutely  necessary  to  disconnect  the  de- 
fective section. 

The  time  interval  between  successive  circuit 
breakers  should  be  equal  to  the  time  taken  for  the 
circuit  breaker  to  open  the  arc  plus  a  margin  of  safety 
to  include  variations  in  the  timing  of  relays.  This 
margin  must  be  about  one  second,  to  be  perfectly 
safe,  when  using  bellows  relays  under  best  conditions 
Thus  if  there  are  several  sections  in  series  and  the 
trouble  should  be  near  the  generating  end,  the  short- 
circuit  may  not  be  cleared  off  for  eight  or  nine  sec- 
onds, which  would,  of  course,  mean  the  loss  of  all 
synchronous  loads  on  the  system. 

Much  more  accurate*  timing  can  be  obtained  by 
means  of  relays  which  depend  upon  the  damping  ac- 
tion of  a  permanent  magnet  upon  an  aluminum  disk 
evidently  giving  as  great  an  order  of  accuracy  as  in 
the  calibration  of  watt-hour  meters.  The  disadvan- 
tage of  induction  relays  made  in  this  way  in  the  past 
has  been  that,  owing  to  the  fact  that  the  driving  force 
is  proportional  to  the  second  power  of  the  current,  and 
the  speed  of  the  disk  when  damped  by  a  magnet  is 
proportional  to  the  driving  force,  the  time  curve 
reaches  an  instantaneous  value  at  about  five  times  full- 
load  current,  which,  of  course,  precludes  application 
to  cases  where  selective  protection  is  desired. 

In  order  to  overcome  this  disadvantage  a  device 
known  as  a  "torque  compensator"  was  designed  con- 
sisting of  a  miniature  transformer,  connected  between 
the  coil  of  the  relay  and  the  series  transformer  on  the 


FIG.   6 — TORQUE   COMPENSATOR    COMPLETE    AND    DIAGRAM    OF 
CONNECTIONS 

line.  This  small  transformer  has  a  laminated  sheet 
steel  core  of  such  cross-section  that  it  begins  to  satu- 
rate as  soon  as  the  current  increases  beyond  the  nor- 
mal operating  load.  This  prevents  the  secondary  cur- 
rent,  which   passes   through  the   relay  coils,   from   iri- 


*See  the  Journal  for  April,   1914,  p.  227. 
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creasing  at  tlie  same  rale  as  the  primary  current,  or 
beyond  a  certain  final  limit.  Thus  the  "torque"  of  the 
relay  is  no  longer  proportional  to  the  square  of  the 
current,  and  the  time  curve  is  modified,  as  shown  in 
Fig.  5.  It  will  Ije  noted  that,  no  matter  iiow  heavy  the 
load,  a  definite  time  element  of  two  seconds  can  be 
obtained.  An  adjustment  of  the  contact  position  in- 
side of  the  relay  allows  a  setting  for  any  value  of 
time,   at  heavy   overloads,  below  the   limit   shown  by 


FIC.   7 — REL-AV   WITH    TORQUE  COMPENS.\TOR   MOUNTED   IN 
SAME    CASE 


the  curve.  An  external  lor(iue  compensator  complete, 
mounted  in  a  small  case  similar  to  the  cases  used  for 
external  series  resistors  for  meters  which  are  mounted 
on  the  back  of  the  switchboard,  is  shown  in  Fig.  6, 
together  with  its  wiring  diagram. 

Although  an  external  torque  compensator  is  de- 
sirable for  use  with  induction  type  relays  already  in- 
stalled, where  it  is  necessary  to  obtain  selective  action 
at  high  overloads,  in  the  case  of  new  installations  it 
would  be  preferable  to  have  the  torque  compensator 
contained  in  the  same  case  with  the  relay,  as  shown  in 
Fig.  7.  This  relay  consists  of  a  watthour  meter  case. 
frame,  movement  and  magnets,  the  coils  being  wound 
for  current  only,  and  the  contact  mechanism  being 
mounted  on  the  shaft.  A  spring  is  used  to  return  the 
movement  to  the  normal  position. 

The  accuracy  of  time  setting  obtainable  wil!i 
these  devices  is  just  as  high  as  the  accuracy  of  watt- 
hour  meters.  In  fact,  these  relays  may  be  counted 
ufjon  to  reproduce  their  time  settings  with  repeated  ap- 
plications of  any  given  overload  within  an  error  of 
approximately  one  cycle,  on  a  60  cycle  system,  or 
within  one-half  cycle  on  a  25  cycle  system.  If  the 
overload  should  be  cleared  off  approximately  one 
cycle  before  any  relay  has  completed  its  stroke,  the 
relay  will  not  close  the  contact,  but  will  immediately 
reset  itself  to  its  normal  position.  The  normal  posi- 
tion of  the  disk  and  moveable  contact,  under  normal 


operating  loads  is  against  a  fixed  stop,  the  position  of 
which  is  regulated,  according  to  the  timing  desired. 
In  tests  carried  out  on  these  relays,  four  circuit 
breakers  were  operated  in  series,  each  requiring  0.28 
seconds  for  breaking  the  arc,  and  each  relay  adjusted 
to  trip  at  a  minimum  current  of  10  amperes,  the  time 
adjustments  of  the  relays  being  respectively  0.08, 
0.50,  0.92  and  1.34  seconds  under  short-circuit  condi- 
tions, the  connections  being  as  in  Fig.  8.  Application 
of  overload  current  of  any  value  would  cause  circuit 
breaker  No  /  to  open  only;  with  No.  /  blocked  only 
No.  2  would  open,  etc.,  even  when  the  current  was 
raised  to  i  000  percent  or  more,  showing  that  the 
selective  action  was  perfect  under  all  overload  condi- 
tions. In  practice,  the  relay  switches  shown  in  this 
test  as  taking  0.08  seconds  to  operate  would  not  be 
required,  as  the  difference  between  successive  relay 
time  settings  could  be  kept  approximately  within  one- 
tenth  of  a  second  in  excess  of  the  time  required  for 
each  circuit  breaker  to  open  its  arc.  As  the  length  of 
time  required  to  clear  a  current  has  an  important 
bearing  upon  the  chances  of  retaining  synchronous 
loads  on  other  circuits,  the  ability  to  use  such  close 
margins  in  the  settings  of  relays  is  very  important. 

TESTING  ACCURATE  RELAYS 

In    testing    relays    having    these    high    accuracy 
timing  characteristics,  ordinary  stop   watches   are   in- 
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FIC.    8 — DIAGRAM    OF    CONNECTIONS    FOR    TESTING    THE    SELECTIVE 
ACTION    OF   TIME    ELEMENT   RELAYS 

adequate  as  the  error  of  observation  is  much  greater 
than  the  error  of  the  relay.  The  best  results  are  ob- 
tained by  the  use  of  a  "cycle  recorder,"  a  device  actu- 
ated directly  by  the  alternations  of  the  circuit  passing 
through  the  relay  coils,  and  having  an  arrangement  to 
stop  its  motion  as  soon  as  the  contacts  of  the  relay 
close. 


*See  the  Journal  for  April,  1914,  p.  227. 


Storekeeping— A  Modern  Art 


F.  C,  Lynch 


THE  STOREKEEPIi\G  Department  of  a  manu- 
facturing or  jobbing  company  is  one  of  the 
very  essential  factors  in  successful  production 
and  negotiations  for  sales.  To  each  of  the  other  im- 
portant departments  it  has  a  direct  and  significant  re- 
lation :  For  the  sales  department  it  must  maintain  an 
adequate  shipping  stock  of  standard  apparatus ;  for 
the  manufacturing  department  it  must  provide  a  suf- 
ficient stock  of  raw  materials ;  and,  for  the  accounting 
or  cost  department  it  must  provide  an  accurate  and 
up-to-date  record  of  the  amount  and  valuation  of  the 
stocks  carried. 

PROVIDING   STOCKS 

In  this  age  of  keen  competition  with  the  products 
of  similar  firms,  each  meeting  the  customer's  specifica- 
tions, the  success  of  a  negotiation  resolves  itself  to  a 
large  extent  into  the  question  of  the  time  required  for 
delivery,  and  this  in  turn  depends  largely  upon 
whether  or  not  the  storekeeper  has  what  is  needed. 
Because  of  these  conditions  the  most  important  ques- 
tion for  the  storekeeper  to  solve  is,  "How  can  a  stock 
be  maintained  which  at  all  times  will  quickly  meet  the 
demands  of  the  sales  department?" 

For  a  company  manufacturing  a  standard  product 
it  is  customary  to  carry  a  stock  of  either  finished  or 
semi-finished  apparatus,  and  by  so  doing  shorten  the 
length  of  time  required  to  make  deliveries.  In  de- 
termining what  stocks  are  to  be  carried,  it  is  neces- 
sary to  make  an  analysis  of  the  diiiferent  delivery 
periods  ordinarily  desired  and  the  cost  incurred  in 
obtaining  these  deliveries,  ^^'ith  this  data  available, 
it  is  then  possible  to  determine  the  amount  of  stock 
and  the  condition  in  which  it  will  be  carried.  For 
example,  assume  that  the  sales  department  desires 
shipment  from  stock  of  some  particular  item  and  that 
they  estimate  sales  of  15  per  month.  The  first  analy- 
sis to  be  made  is  to  determine  the  normal  manufac- 
turing period  for  this  item.  This,  of  course,  will 
have  to  be  done  by  a  man  familiar  with  the  shop  pro- 
duction. Assuming  that  60  days  is  the  normal  man- 
ufacturing period,  we  then  have  the  data  necessary 
for  the  storekeeper  to  maintain  his  stocks  as  desired 
by  the  sales  department.  That  is,  it  is  evident  that 
the  storekeeper  must  anticipate  the  date  when  his 
stock  will  be  exhausted  by  60  days  and  at  that  time 
place  a  replenishing  order.  From  the  estimated  sales 
of  15  per  month,  this  time  will  be  when  his  stock  is 
30.  This  will  mean  that  he  must  never  have  less 
than  a  total  of  30  in  stock  and  on  order  and  that  his 
average  stock  will  be  IS  completed  units.  For  con- 
venience, we  will  call  this  value  of  30  his  ordering 
point  on  minimum  available,  and  the  stock  will  be 
known  as  shipping  stock. 


The  investigation  to  determine  the  manufacturing 
period  mentioned  above  will  probably  show  that  by 
carrying  this  apparatus  in  stock  in  a  50  percent 
completed  stage  the  normal  manufacturing  period  will 
be  30  rather  than  60  days.  This  will  mean  that  30 
days  after  a  replenishing  order  for  shipping  stock  is 
placed  the  same  will  be  delivered  into  stock,  as  50  per- 
cent of  the  labor  had  previously  been  performed  in 
the  fabrication  of  the  elements.  These  elements  which 
are  carried  in  stock  we  will  call  element  stock.  The 
question  as  to  which  is  the  better  method  of  main- 
taining stocks  can  easily  be  determined  by  analysis. 
First,  consider  the  investment.  Assuming  that  the 
shipping  stock  is  worth  $2  each,  then  the  investment 
will  be  $30,  as  the  average  stock  is  15  units.  Under 
the  second  method,  the  ordering-  point  would  be  15  for 
the  shipping  stock,  giving  an  average  stock  of  7.5,  or 
an  investment  of  $15  in  shipping  stock.  At  the  same 
time,  there  would  be  an  element  stock  with  an  order- 
ing point  equal  to  15  of  the  shipping  units,  but  the 
value  would  only  be  approximately  50  percent  of 
the  shipping  stock  as  they  are  at  that  state  of  com- 
pletion. This  would  give  us  an  investment  of  $15  in 
shipping  stock  and  $7.50  in  element  stock,  making  a 
total  of  $22.50  against  $30  under  the  first  method,  an 
investment  only  75  percent  as  great.  Another  fea- 
ture favoring  the  second  method  is  that  the  special 
apparatus  which  is  manufactured  usually  contains  ele- 
ments which  are  common  to  those  of  the  shipping 
stock,  and  by  maintaining  a  stock  of  these  elements 
a  shorter  delivery  period  is  obtained  for  the  special 
apparatus  and  also  a  cheaper  product  results,  due  to 
the  element  parts  havins:  been  manufactured  in  quan- 
tities rather  than  as  units. 

After  this  plan  for  maintaining  stocks  has  been 
in  operation  for  a  few  months,  the  sales  department 
can  furnish  the  storekeeper  with  new  estimates  of 
sales  which  will  undoubtedly  be  more  accurate  than 
the  first,  owing  to  the  fact  that  they  have  the  addi- 
tional information  available  as  to  the  average  sales  in 
the  past.  From  these  re\ised  estimates  new  ordering 
points  should  be  set  for  shipping  stock.  These  new 
ordering  points  will  not  be  a  correct  basis  for  deter- 
mining the  ordering  points  on  the  element  stocks,  as 
the  quantity  required  for  special  apparatus  must  also 
be  provided  for.  In  determining  the  ordering  points 
for  the  element  parts  the  best  information  available  is 
the  past  activity  of  each  part.  After  this  is  determined 
it  is  assumed  that  the  future  activity  will  be  propor- 
tional. The  ordering  point  for  the  element  stock  will 
be  the  quantity  consumed  in  the  interval  required  to 
manufacture  a  new  supply. 

If  a  =  average  daily  activity,  d  =  number  of  days 
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elapsed  between  the  time  a  replenishing  order  is 
placed  and  the  stock  is  delivered  to  the  storeroom, 
then  the  formula  for  the  order  point  0.  P.  becomes 
O.  P.  =  a  +  d. 

If  the  date  when  the  stock  will  reach  the  order- 
ing point  could  be  anticipated  it  would  be  possible  to 
reduce  rf  by  a  corresponding  amount  and  thus  reduce 
the  stock  by  a  proportionate  amount.  There  are  sev- 
eral things  which  make  this  anticipation  possible. 
For  the  purpose  of  an  analysis  assume  that  there  is 
ordered  for  shipping  stocks  a  unit  which  requires  ele- 
ment stocks,  items  I,  2,  3,  4  and  5.  The  time  d  above 
will  be  consumed  as  follows: 

T  =  time  elapsed  between  the  placing  of  the 
order  by  the  storekeeper  and   the   date  the   work   is 


FK^    I — STANIlARl)   K.-\CK    AND   BINS 

Ordering  points  are  indicated  by  bags,  separating  boards, 
tape  and  dnplicate  bins. 

started.  This  will  be  equal  to  the  average  number  of 
days  work  which  the  department  has  ahead  of  it. 
When  work  is  started  on  the  order  elements  /  and  2 
are  drawn  from  stock.  U  =  time  /  and  2  are  worked 
on  before  3  is  drawn  from  stock.  V  =  additional 
time  before  ./  is  required.  11 '  ~  additional  time  be- 
fore J)  is  required. 

If,  at  the  time  the  storekeeper  entered  his  order 
for  replenishing  his  shipping  stock,  he  had  posted  the 
requirements  of  elements  to  manufacture  this  order 
against  the  stock  of  elements,  he  would  have  deter- 
mined the  quantity  of  each  element  which  he  had 
available.  This  posting  we  will  call  assigning  of 
stock.  Assuming  that  the  stock  of  element  /  was 
75  pieces,  the  order  point  was  50  and  that  the  order 


entered  required  30  pieces,  by  assigning  the  order  he 

would  have  found  that  when  work  was  started  on  the 

order  the  slock  would  fall  below  the  order  point  and 

a  new  order  for  replenishine  the  stock  of  element  i 

would  have  to  be  entered.    By  so  doing  he  would  have 

anticii)ated    the    date    when    the    replenishing    order 

would  have  been  entered  by  the  time  T.    Thus  it  can 

be  seen  that  with  the  practice  of  assigning  the  stock 

the  formula  for  order  point  becomes : 

For  elements  1  and  2  ..0.  P.  =  a  (d  —  T) 

For  element  3 0.  P.  =  a  (d  —  (T  +  U)  ) 

For  element  5 0.  P.  =  a  {d  —  (T  +  U  +  V  +  W)  ) 

If  the  activity  is  the  same  as  the  estimated  value, 
the  investment  will  be  one-half  the  amount  ordered. 
If  this  amount  is  greater  than  the  activity  during  a 
manufacturing  period,  the  investment  will  be  the  same 
with  either  method  of  providing  stocks.  With  the  for- 
mer method  it  is  not  advisable  to  place  orders  for 
quantities  less  than  the  ordering  point  due  to  delays 
encountered  with  increased  activities,  and  for  this  rea- 
son the  minimum  average  stock  would  be  one-half  the 
minimum  available.  This,  however,  is  not  true  of  the 
assignment  method  and  the  minimum  average  stock 
is  only  limited  by  the  mininmm  size  of  order  it  is 
economical  to  manufacture,  the  small  orders  not  being 
liable  to  delay  production  as  in  the  former  case  where 
requirements  are  not  anticipated.  If  the  activity  is 
less  than  the  estimate  the  average  investment  will  ap- 
proach one-half  the  ordering  point  plus  the  amount 
ordered.  This,  again,  favors  the  assignment  of  stores 
because  the  ordering  point  is  less. 

Another  method  of  providing  stocks  is  by  means 
of  a  periodical  recapitulation  of  all  uncompleted  man- 
ufacturing orders,  listing  the  parts  required  to  com- 
plete them.  If  the  stock  on  the  floor  and  in  the  store- 
room plus  the  amount  on  order  is  subtracted  from  the 
requirements,  the  balance  is  the  amount  which  must 
be  ordered.  This  amount  which  is  to  be  ordered  is 
usually  increased  by  an  amount  equal  to  the  ordering 
point  in  order  to  have  a  stock  to  bridge  the  interval 
between  the  time  a  new  list  is  made  up  and  the  time 
when  the  stock  ordered  by  it  is  delivered  to  stores. 
There  are  two  methods  which  can  be  used  with  this 
plan,  one  being  where  each  recapitulation  supersedes 
the  former  and  the  other  where  they  are  not  super- 
seding. In  the  former  it  is  necessary  to  recapitulate 
all  open  orders,  while  in  the  latter  it  is  only  necessary 
to  consider  those  orders  which  have  been  entered  since 
the  last  list  was  compiled. 

With  either  the  assignment  of  stock  or  tiie  pe- 
riodical recapitulation  there  will  alwa\s  be  a  large 
iiuniber  of  details,  such  as  screw  machine  products  and 
])iuu-liings,  etc.,  with  which  it  is  not  practical  to  use 
either  method,  and  for  such  parts  it  is  best  to  main- 
tain the  stocks  by  means  of  the  ordering  point.  This 
is  true  because  a  larger  available  stock  mav  be  car- 
ried of  these  parts  owing  to  their  small  cost.  Al- 
though theoretically  these  stocks  could  be  maintained 
by  means  of  entering  orders  when  the  ledger  balances 
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reach  the  ordering  point,  this  does  not  always  prove 
satisfactory  owing  to  discrepancies  which  usually 
exist  between  the  ledger  balances  and  the  actual 
stocks.  It  will  also  happen  that  the  ledgerman  will 
enter  withdrawals  which  will  bring  his  stock  below  the 
ordering  point  without  his  noticing  that  this  has  oc- 
curred. In  order  to  overcome  this  objection  and  to 
be  sure  that  the  replenishing  orders  will  be  entered 
as  soon  as  the  stock  reaches  the  ordering  point,  the 
following  plan  may  be  used :  The  stockman  is  fur- 
nished with  a  bin  label  for  each  item  he  has  in  stock. 
This  bin  label  will  give  him  the  ordering  point, 
amount  to  order  and  time  required  for  manufacture. 
These  bin  labels  are  placed  in  suitable  card  holders  on 
the  bins,  thus  serving  as  identification  markers.  The 
stockman  then  will  physically  separate  the  ordering 
point  from  the  balance  of  his  stock.  This  can  be  done 
in  a  variety  nf  wav^.  '^uch  as  bv  dividing  the  stock  by 


FIG.    2 — A    SPEOAL    APPLICATION    OF    STANDARD    BINS 

Tlie  boxes  shown  in  the  lower  bins  are  "tote  boxes," 
so-called  because  they  are  made  so  as  to  be  used  con- 
veniently for  carrying  stock  to  the  storeroom.  They  are 
placed  in  the  racks  just  as  they  are.  thus  eliminating  one 
step  in  the  process  of  storekeeping.  namely,  the  unloading 
or  transfer  of  material  from  carrier  to  bin. 

a  board  at  the  ordering  point,  b}-  jnitting  it  in  sacks,  by 
tying  the  amount  together,  or  any  other  method  which 
is  convenient  for  the  separating  of  the  stocks,  as 
shown  in  Fig.  i.  When  withdrawals  are  made  from 
any  stock  where  it  is  necessary  to  break  the  ordering 
point,  it  is  the  duty  of  the  stockman  to  send  a  request 
to  the  ledgerman  for  the  entering  of  a  replenishing 
order. 

From  the  above  it  can  be  seen  that  the  possibility 
of  a  failure  to  order  is  very  slight,  inasmuch  as  it  is 
necessary  for  a  physical  operation  to  be  performed  to 
issue  from  the  order  point.  If  an  "ordered"  signal 
is  placed  on  the  bin  when  the  request  is  sent,  then  by 
inspection  of  the  stock  it  could  be  determined  if  the 
stockman  is  properly  performing  his  duties.  In  fac- 
tories where    there    are  no  ledger    balances  kept  of 


stocks,  this  physical  separation  of  the  ordering  point 
is  a  very  valuable  feature,  as  it  offers  a  positive  noti- 
fication to  the  stockman  when  it  is  time  for  reordering. 
Although  the  previous  discussion  has  practically 
covered  the  methods  of  providing  stocks  of  all  kinds, 
there  still  remain  certain  stocks  which  must  be  main- 
tained on  an  entirely  diiiferent  basis.  These  include 
such  stocks  as  axle  steel,  rolled  forms,  marble  and 
other  raw  and  finished  parts  which  are  usually  pur- 
chased many  months  in  advance.  For  this  class  of 
stock  it  is  impossible  to  obtain  much  advantage  from 
any  anticipations  which  may  be  made,  as  they  will 
be  such  a  small  part  of  the  total  delivery  period.  For 
maintaining  these  stocks  it  is  necessary  to  employ 
high  class  ledgermen  who  are  able  to  study  market 
conditions  and  place  requisitions  at  the  most  econom- 
ical time,  estimating  the  work's  requirements  for  many 
months  in  advance.  Thus  it  is  essential  to  have  men 
who  are  familiar  with  the  stocks  and  their  past  ac- 
tivities. 

IDENTIFICATION    AND    BALANCES 

Another  essential  duty  of  the  storekeeper  is  to 
know  what  is  in  stock  and  the  value  of  it.  The 
knowledge  of  stocks  includes  two  features,  the  identi- 
fication and  the  quantity.  The  identification  of  stocks 
involves  a  big  study.  There  are  two  classes  of  stocks 
which  are  usually  carried,  raw  material  and  finished 
parts.  Raw  materials  are  those  which  have  labor  per- 
formed upon  them  before  being  used  in  an  assembly, 
and  finished  parts  are  those  upon  which  no  further 
labor  need  be  performed  before  being  used  in  an 
assembly. 

We  will  first  consider  the  identification  of  the 
finished  parts.  In  storerooms  where  only  small  stocks 
of  standard  apparatus  are  carried,  the  part  name  will 
usually  suffice,  but  where  the  stocks  become  larger 
and  the  part  names  may  duplicate  themselves  some 
further  identification  must  be  supplied.  This  is  very 
commonly  done  by  giving  each  item  a  number,  which 
may  be  called  piece  number,  style  number  or  catalog 
number.  Although  this  is  a  very  simple  method  of 
identifying  stores,  it  has  the  objection  that  it  offers 
no  clue  as  to  the  kind  of  material  or  its  application. 
In  order  practically  to  eliminate  this  objection,  the 
symbolization  of  stores  is  used.  This  is  done  by  pre- 
ceding the  piece  number  with  alphabetical  letters,  each 
letter  signifying  some  classification.  For  example, 
part  number  MRS  147  would  mean,  IM  for  motor.  R 
for  the  type  of  motor,  S  for  the  shaft ;  thus  it  can  be 
seen  directly  that  the  part  is  shaft  No.  147  of  the 
type  "R"  motor.  This  symbolization  requires  consid- 
erable study  before  it  can  be  introduced,  in  order  to 
be  sure  that  the  symbols  may  bring  out  the  informa- 
tion which  is  desired  in  identifying  the  item. 

This  symbolization  could  also  be  carried  out  for 
raw  materials,  but  as  there  are  usually  such  a  large 
number  of  parts  manufactured  from  the  same  raw 
material  it  would  be  difficult  to  find  symbols  which 
would  tell  any  more  than  the  kind  of  raw  material. 
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Since  there  are  so  many  grades  of  the  same  raw  ma- 
terial, there  must  be  some  means  whereby  the  in- 
formation can  be  conveyed  to  the  storekeeper  nv.  to 
the  grade  of  raw  material  desired.  This  can  be  done 
by  means  of  the  specitication  number  under  which  the 
purchasing  department  obtains  the  material.  This 
P.D.S.  number  can  be  used  in  connection  with  the 
material  name  as  the  identification  of  the  stocks,  thus 
insuring  the  use  of  the  jiroper  materials  and  elim- 
inating the  use  of  any  trade  names  which  they 
possess. 

The  knowledge  of  the  amount  of  stock  is  a  fac- 
tor which  varies  widely  in  its  importance.  In  some 
cases  the  knowledge  that  it  is  in  stock  is  all  that  is 
necessary,  while  in  others  it  is  essential  to  know  at 
all  times  the  exact  quantity.  In  the  former  case  the 
physical  order  point  or  some  other  satisfactory  means 
of  providing  stocks  is  all  that"  is  necessary,  while  in 
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FIG.  3 — storekeeper's  curves  of  savings 
Curves  /  and  //  indicate  the  relations  between  size  of 
order  and  saving  per  piece  for  two  different  articles.  Curves 
///  and  IV  indicate  the  corresponding  relations  between 
size  of  order  and  the  number  of  days  supply  of  materi:il 
required. 

the  latter  it  is  necessary  to  carry  ledger  balances  and 
provide  some  means  of  verifying  them.  The  verifica- 
tion of  these  accounts  must  consist  of  a  physical  in- 
ventory and  its  comparison  with  the  ledger  balances. 
In  order  to  keep  the  records  checked  up  it  is  some- 
times the  practice  to  have  all  accounts  inventoried 
once  within  a  certain  period.  However,  this  offers 
the  objection  that  the  accounts  which  are  the  most 
active  and  arc  the  most  liable  to  error  receive  only 
the  same  periodical  verification  as  the  less  active  ac- 
counts which  offer  the  greater  assurances  of  being 
correct.  In  order  to  overcome  this  objection  to  pe- 
riodical inventories  and  to  use  up  the  oldest  stock 
first,  the  stock  can  be  segregated  into  lots  or  orders. 
When  a  replenishing  order  is  placed  a  lot  tag  is  made 
out  showing  the  amount   ordered,   the   date  ordered. 


date  due  anfl  having  a  place  on  the  back  of  the  tag 
where  the  stockman  may  record  deliveries.  This  tag 
is  then  hung  on  the  bin  awaiting  the  arrival  of  the 
stock.  When  it  arrives  it  is  stored  in  a  separate  bin 
and  the  amount  delivered  entered  on  the  back  of  the 
lot  tag.  All  withdraw-als  are  taken  from  the  oldest 
lot,  and  when  this  is  exhausted  the  lot  tag  is  sent  to 
the  ledgcrman  stamped  "All  Issued."  This  offers  a 
perpetual  inventory  of  stock  and  verification  of  the 
ledger  accounts  and  still  does  not  require  the  physical 
counting  of  the  stock.  It  also  insures  the  use  of  the 
oldest  stocks  and  prevents  any  loss  which  might  occur 
due  to  deterioration  of  stocks. 

As  the  value  of  stocks  is  usually  only  required 
periodically,  there  are  two  methods  which  may  be 
used.  If  the  total  value  of  stock  is  once  established 
its  value  may  be  maintained  by  charging  to  it  all  de- 
li \eries  to  stores  and  making  credits  for  all  withdraw- 
als. This  involves  the  pricing  and  extending  of  all 
deliveries  and  issues,  which  is  frequently  a  large  task. 
The  listing  of  all  items  with  the  stock  together  with 
their  unit  values  may  be  extended  and  totaled,  giving 
the  value  of  stock  on  hand.  Where  symbolization  is 
used,  the  latter  method  is  preferable  in  that  it,  at  the 
same  time,  offers  an  opportunity  for  an  analysis  of 
the  investment. 

PREVENTION    OF    SURPLUS 

In  order  to  prevent  the  creation  of  surplus,  in- 
active and  obsolete  stocks,  there  are  two  conditions 
which  must  be  provided  for,  namely,  decreased  activ- 
ity and  changed  design.  In  order  to  provide  for  the 
former  condition  frequent  revisions  of  the  ordering 
point  must  be  made,  based  upon  past  activity  and 
the  sales  department's  estimate  of  prospective  busi- 
ness. To  obtain  this  it  is  well  to  submit  to  the  sales 
department  for  approval  all  new  ordering  points  which 
are  set.  The  latter  condition  may  also  be  met  in  a 
manufactiu'ing  concern  by  referring  the  revised  order- 
ing point  to  tlie  engineering  department  for  approval, 
thus  insuring  no  immediate  change  in  design.  Even 
with  this  precaution  obsolete  stocks  will  accumulate 
and  considerable  loss  will  be  involved  if  pressure  is 
not  put  upon  the  engineering  and  sales  departments 
to  dispose  of  the  stocks  as  soon  as  they  show  signs 
of  becoming  inactive.  It  is  at  the  time  changes  are 
being  made  that  the  possibilities  of  an  economical  dis- 
]:)osition  are  present,  and  if  the  obsolete  stocks  are  not 
considered  until  after  the  new  apparatus  is  in  use  the 
final  disposition  usually  involves  a  complete  loss.  Due 
to  the  above,  the  storekeeper  should  use  considerable 
vigilance  in  the  prevention  of  an  accumulation  of  sur- 
]ilus,  inactive  and  obsolete  stocks.  The  assigning  of 
stores  ofifers  considerable  assistance  in  accomplishing 
this  in  that  replenishing  orders  are  based  more  on  the 
actual  than  on  anticipated  requirements. 

SIZE    OF    ORDERS 

There  arc  two  sources  from  which  supplies  are 
received — the   purchasing   department    and    the    shop. 
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The  former  furnishes  the  raw  material  and  some  fin- 
ished parts,  while  the  latter  furnishes  only  finished 
parts.  The  obtaining  of  these  stocks  through  the  pur- 
chasing department  in  an  economical  manner  involves 
on  the  part  of  the  storekeeper:  The  placing  of  the 
most  economical  size  of  order,  based  upon  quotations 
and  activity ;  a  study  of  market  conditions  so  that 
the  order  may  be  placed  at  the  most  profitable  time ; 
and  the  furnishing  to  the  purchasing  department  of 
sufficient  data  so  that  it  may  always  obtain  satisfac- 
tory material  and  still  not  be  limited  to  any  trade 
names  or  specific  suppliers,  thus  leaving  them  free  to 
obtain  the  advantages  from  competition.  This  phase 
of  the  work  is  usually  handled  by  the  purchasing  de- 
partment specifications,  which  in  a  manufacturing 
concern  are  prepared  by  the  engineering  department. 
The  size  of  a  manufacturing  order  for  replenish- 
ing stock  is  a  c^uestion  which  involves  considerable 
study  and  analysis.  At  first,  this  may  seem  very 
simple  because  it  appears  to  be  only  a  question  of 
entering  an  order  of  such  a  size  that  the  amount 
saved  due  to  quantity  production  would  exceed  the 
loss  due  to  interest  by  a  maximum  amount.  A  formula 
for  this  can  be  easily  determined : 

Let  5  =  Cost  of  set-up, 

A  =  Average  daily  issue, 
/   =  Daily  rate  of  interest, 

P  =  Labor  cost  each  after  set-ups  have  been  made, 
Jlf=  Material  cost  each, 
O  =  Amount  to  order 
Cost  each  made  in  lots  of  one  =  S  +  P  +  M 

S 
Cost  each  made  in  lots  of  0  -=   -=:  +  P  ^  M 

o 
Saving  each  when  made  in  lots  of  0  =  5  — ^, 

Loss  due  to  interest  when  made  in  lots  of  0  =  ^    (  „  +P+M\    I 


Net  saving  =  5 — 


0 


{'o-^-m' 


Solving  this  for  the  value  of  O,  which  gives  a 
ma.ximum  net  saving,  we  have — 


-nI 


2  SD 


I(P+  M) 


Thus  it  would  appear  that  the  size  of  order  is 
determined  merely  by  means  of  a  solution  of  the 
above  formula.  A  study  of  the  terms  used,  however, 
will  hardly  show  it  to  be  as  simple  as  the  formula 
would  indicate,  and  it  is  found  in  actual  practice  that 
this  is  only  used  as  a  guide  and  considerable  judg- 
ment must  be  used  in  determining  the  actual  size  of 
order. 

The  value  of  5"  must  include  the  cost  of  the 
set-up,  the  costs  of  entering  the  order,  and  all  ex- 
penses which  are  incurred  by  the  order  in  its  progress 
through  the  shop  other  than  the  actual  labor  and  ma- 
terial which  is  charged  to  it.  The  value  of  /  includes 
the  interest  on  the  investment,  the  depreciation  of 
stocks  due  to  deterioration,  the  cost  of  handling,  the 
cost  of  storage  and  a  percentage  to  cover  losses  due 
to  scrapping  of  obsolete  stocks. 


Thus  it  can  be  seen  that,  although  we  have  de- 
ri\  ed  a  formula  for  the  size  of  order,  in  it  there  are 
introduced  two  quantities  which  must  depend  upon 
the  judgment  of  the  man  solving  it  and  the  tendency 
will  be  to  increase  5  and  decrease  /  for  standard 
stocks  and  to  decrease  5  and  increase  /  for  the  more 
special  stocks. 

A  practical  method  of  determining  the  size  of  an 
order  may  be  shown  as  in  Fig.  3.  The  data  for  two 
articles  of  manufacture  is  as  follows: 


CURVE  I 

A  ^    2 
S     $2.00 
P   -SO.IO 
M  -  $0.08 
I        0.278  percent 

From  the  relation- 


CURVE  II 

A-    0.5 
S  =  $1.00 
P=   3.00 
M  =    7.00 
I  "    0.278  percent 

5—; 


-savmg  per  piece  —  o  —  q 
the  relation  between  savings  per  piece  and  size  of 
order  0  may  be  plotted  for  the  two  articles  as  shown 
by  curves  /  and  //  in  Fig.  3.  Thus  from  the  above 
formula  for  maximum  saving,  the  best  value  of  0 
can  be  obtained  for  each.  It  can  be  seen,  however, 
that,  for  curve  /.  although  the  maximum  saving  oc- 
curs when  the  size  of  order  is  equal  to  282,  the 
amount  saved  is  very  small  after  the  point  on  the 
curve  where  the  tangent  has  a  slope  of  30  degrees  or 
O  =  18.  This  is  also  true  for  curve  II.  From  a 
study  of  these  curves  it  will  be  seen  that  this  point 
also  holds  a  very  important  relation  to  the  size  of 
order,  as  an  order  for  less  entails  a  very  large  per- 
centage loss  and  orders  for  larger  quantities  only 
efifect  a  small  proportional  saving.  The  equation  for 
this  point  is : 


O  at  30  degrees  slope  of  tangent 


2  A  S 


\|(,P  +  M)  I  +  1.16A 


STORAGE 

The  storage  of  the  stocks  and  their  expeditious 
issuing  is  the  phase  of  storekeeping  which  is  usually 
thought  of  when  the  subject  is  mentioned,  and  it  is 
the  one  problem  which  must  be  solved  in  every  store- 
keeping  department  from  the  smallest  to  the  largest. 
The  manner  in  which  the  stocks  are  stored  naturally 
varies  to  a  large  extent  with  the  kind  of  stocks;  never- 
theless, there  are  always  the  fundamental  questions 
which  must  be  answered.     These  questions  are: 

What  kind  of  a  depository  is  best  suited  to  the  stocks  ? 
What  is  the  best  arrangement  of  the  stocks  ? 
What  rack  or  bin  would  be  the  most  easily  moved  ?     (Store- 
rooms are  constantly  being  moved  in  growing  companies. ) 
How  can  the  stocks  be  inventoried  in  the  easiest  manner  ? 
What  is  the  best  scheme  of  numbering  the  bins  ? 

The  first  four  questions  are  usually  answered 
when  the  storage  racks  have  a  standard  unit  from 
which  to  build  up  combinations  suitable  to  the  stocks. 
A  size  of  standard  rack  which  ofifers  a  large  number 
of  coinbinations  is  one  four  feet  wide,  eight  feet  high 
and  one  foot  deep  with  openings  two  feet  square,  and 
without  a  back,  as  shown  in  Fig.  4.  In  this  shelf  may 
be  placed  any  number  of  combinations  of  bins.  Some 
good  sizes  are  2X2X1,    2X1X1,     iXiXi,    %XiXi 


lOO 
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and  j/2X^Xi  (dimensions  in  feetj.  If  the  stock  is 
of  such  a  nature  that  larger  bins  are  better,  the  racks 
may  be  arranged  two  deep,  thus  affording  an  oppor- 
tunity to  use  bins  as  large  as  2X2X2. 

With  the  flexibility  of  this  combination  of 
standard  racks,  suitable  depositories  can  be  obtained 
for  a  large  percentage  of  the  ordering  stocks.  In  is- 
suing stock,  it  is  desirable  that  the  stockman  collect 
it  with  the  least  amount  of  walking  from  bin  to  bin 
and,  with  this  scheme  of  storage,  the  stocks  may  be 
so  arranged  that  by  merely  walking  down  an  aisle  an 
entire  requisition  may  be  filled  and  any  change  in 
design  may  easily  be  provided  for  by  interchange  of 
bins.  The  ease  with  which  an  entire  storeroom  may 
be  moved  is  one  of  its  most  valuable  assets.  With- 
out even  the  assistance  of  a  carpenter,  a  storeroom 
made  up  of   standard  units  may  be   moved   and   the 


1 

it 

■ 

FIG.    4 — A    .STANDARD    RACK     UNIT 

Light  in  construction  and  of  uniform  dimensions,  making 
simple  tlic  transfer  or  rearrangement  of  a  storeroom  made 
up  of  such  units. 

stocks  will  never  be  disturbed.  This  feature  can 
hardly  be  appreciated  until  after  an  experience  with 
moving  a  storeroom  where  the  equipment  is  of  the 
old  built-up  bins,  which  usually  are  torn  down  before 
they  are  moved.  The  inventory  of  the  stocks  like- 
wise does  not  require  the  customary  hard  labor,  as 
the  bins  may  be  taken  from  the  racks,  emptied  on  a 
counting  table  or  computing  scales,  counted  and  re- 
turned to  their  locations. 

The  placing  of  location  numbers  on  the  bins  is  a 
practice  commonly  followed  in  the  larger  storeroom, 
and  usually  becomes  complicated  and  burdensome 
after  changes  and  additions  have  been  made.  A 
scheme  which  offers  an  opportunity  for  expansion  and 


is  very  simple  is  to  number  the  rows  of  racks  serially, 
to  letter  the  tiers  alphabetically  and  number  the  bins 
from  the  front  back.  Thus  location  /./C/  would  be 
row  number  / /,  the  third  tier  up  from  the  floor  and 
the  seventh  bin  back.  An}'  amount  of  rows  may  be 
numbered,  and  the  number  of  tiers  and  bins  per  row 
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FIG.   5 — A   GROUP  OF  BINS   FOR  A    STAND.\RD  RACK 

Sliowing  the   variety  of   types   and   sizes    which    may   he 
conveniently  employed. 

is  not  limited.  This  scheme  of  locating  the  stock  is  a 
very  flexible  one  and  is  one  with  which  a  new  stock- 
man may  easily  find  locations. 

In  conclusion,  it  may  be  said  that  an  attempt  has 
been  made  to  point  out  the  fundamental  principles  of 
storekeeping  and  ofifer  an  explanation  of  how  some 
of  the  problems  are  solved.  The  explanations  have 
necessarily  been  brief,  but  it  is  hoped  that  they  have 
at  least  adequately  pointed  out  that  the  storekeeping 
department  of  a  manufacturing  or  jobbing  company 
is  an  important  department.     It  is  agreed  by  efficency 


III..   (I      .^llAlAL    "cuK.N-cmit      DINS    FOR    CASTINGS    .\.ND 
ROUGH    STOCK 

For  heavy  castings  or  those  which  do  not  pack  readily, 
this  hin  is  of  particular  value  as,  having  no  top.  the  stock 
may  be  loaded  in  at  the  top  by  a  crane. 

experts  that  often  more  money  is  lost  by  poorly  man- 
aged storerooms  than  is  saved  by  time  studies  and 
cost  investigationss.  Due  to  these  conditions  the  store- 
keeping  department  should  receive  a  proportional 
share  of  study  and  investigation  in  any  scientifically 
managed  company. 


Social  Insurance  in  the  United  States 

WITH  ESPECIAL  REFERENCE  TO  THE   PLAN   OF  THE  WESTINGHOUSE 

ELECTRIC  &  MFG.    COMPANY 
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Miles  M.  Dawson 
Consulting  Actuary,  New  York 

UCIAL   INSURANCE  is  the  name  given,  first     plant.     Disability  benefits  have  been  paid    up    to    39 
bv   the   French,    to   provisions    for   safeguarding 


emploN'ees  and  their  dependents  against  pauper- 
ization because  of  accidental  injury  or  death,  of  sick- 
ness or  of  age.  The  form  most  famifiar  in  the  United 
States  is  that  of  the  "workmen's  compensation  laws" 
enacted  within  the  last  four  years  in  no  less  than  24 
states.     These  are  reallv  all  social  insurance  laws,  not 


weeks,  as  against  from  four  to  thirteen  weeks  in  most 
such  funds ;  and  the  company  has  duplicated,  dollar 
for  dollar,  out  of  its  own  funds,  the  death  benefits 
supplied  by  the  relief  fund. 

Though  these  features  are  perhaps  nuich  more 
liberal  than  in  most  such  funds,  the  officers  had  for 
several  years  past  given  much  thought  as  to  how  the 


only  because  all  employers,  except  the  very  small  and      relief   fund  could  be  extended  and  supplemented,   so 


the  ^■erv  large,  are  obliged  l)y  the  nature  of  the  case  or 
by  law  to  instire,  bi;t  also  because  the  thing  itself 
reallv  is  insurance ;  that  is,  the  employee  is  instu"ed 
by  his  own  employer,  b}'  an  insurance  company  or  by 
a  state  fund,  as  the  case  may  be,  a  certain  com[)ensa- 
tion  to  himself  if  injured  by  accident  in  the  perform- 
ance of  duty,  or  to  his  dependents  if  he  dies  as  the 
result  of   such  injuries. 

But  long  before  there  was  a  workmen's  compen- 
sation law  in  any  state,  other  means  of  social  insur- 
ance were  known  in  this  country,  viz. :  relief  depart- 
ments and  pension  plans,  set  up  by  far-sighted  em- 
ployers for  the  benefit  of  their  employees  ;  and,  even 
after  social  insurance  had  been  introduced  as  a  public 
matter  and  extended  to  so  many  forms  of  benefit  as. 
for  instance,  in  Germany  or  Austria  where  it  is  about 
30  years  old  now,  the  plans  voluntarily  introduced  and 
maintained  by  some  employers  were  more  liberal  and 
beneficial  than  the  public  insurance,  so  that  they  have 
been  permitted  to  continue,  instead  of  being  merged 
in  the  general  state  plan. 

One  of  the  earl_\-  plans  of  this  character  in  the 
United  States  was  the  relief  fund  of  the  "Burlington" 
Railroad,  with  which  Mr.  E.  M.  Herr,  now  president 
of  the  \\estinghouse  Electric  &  Mfg.  Company,  was 
connected  before  the  late  Mr.  George  Westinghouse 
induced  him  to  join  his  force :  while  Mr.  Herr  was 


as  to  aii'ord  employees  of  the  company  the  most  com- 
plete protection  possible.  Their  aim  was  to  make  it 
proverbial  that  no  Westinghouse  Electric  employee 
should  come  to  want  by  reason  of  disabling  accident 
in  the  performance  of  his  duty,  by  reason  of  any  other 
disability  or  by  reason  of  superannuation,  and  that  the 
dependents  of  such  employees  losing  their  lives  in  the 
service  of  the  company  should  in  no  case  be  impover- 
ished. 

That  this  was  a  big  program  will  appear  from 
this: — At  the  time  the  idea  of  this  plan  was  adopted, 
no  workmen's  compensation  law  in  the  United  States 
provided  compensation  so  liberal  in  amount  or  payable 
for  so  long  a  period,  even  in  case  of  disability  or  death 
due  to  accident  in  performance  of  duty,  and  of  course 
there  was  no  law  making  any  provision  whatever 
either  for  a  pension  in  old  age  or  for  benefits  for  dis- 
ability due  to  sickness. 

Late   in    1913,    the    writer    was    connuissioned    to 

make  a  thorough  investigation,  taking  whatever  time 

was  required,  and  to  report  whether  or  not  it  would 

be  practicable  to  make  such  provision,  what  it  would 

probably  cost  and  how  this  cost  should  be  distributed. 

To  enable  this  investigation  to  be  made,  the  company 

prepared  and  submitted  the  following  data : — 

I — A  card  for  eacli  person  who  had  at  any  time  been  a 
member  of  the  Relief  Fund,  showing  .';ex,  age.  date  of  admis- 
sion, records  of  all  disabilities  and  deaths  with  their  cause; 


manager   of   the   ^Vestinghouse  Air    Brake     Company      lapses  of  membership,  etc.,  by  means  of  which  the  disability 

experience  due  to  accident  and  to  sickness  at  each  age  could 


there  was  established  a  relief  fund  which  became,  and 
has  continued,  deservedly  popular  with  the  employees 
of  that  company.  Upon  his  transfer  to  the  Electric 
Coiupaii\-.  a  relief  fund  was  also  introduced  there  and 
has  also  proved  popular,  retaining  its  hold  on  the  af- 
fections of  the  employees  regardless  of  differences 
with  the  company  upon  other  matters. 

The  \\'estinghouse  Electric  Relief  Fund  has  for 
more  than  a  decade  supplied  weekly  benefits   for  all 


be   ascertained. 

2 — -A  complete  census  of  all  persons  employed,  giving 
age,  sex,  occupation,  wages  or  salary  and  liow  long  employed ; 
by  means  of  which  the  average  effective  age  for  disability 
and  for  mortality  could  be  worked  out  and  also  estimates  of 
outlay  in  service  pensions  for  more  than  20  years  to  come. 

3 — The  payrolls  of  the  Company,  by  means  of  which  the 
costs  could,  when  desirable,  be  expressed  in  a  percentage  of 
the  payroll. 

The  work   of  cotupiling,   analyzing  and   studying 

these  .statistics  took  more  than  half  of  1914;  the  re- 

luainder  of  the  vear  was  devoted  to  careful  considera- 


disabilities,  whether  due  to  accident  or  sickness,  and  tion   of  the  proposed  changes  by  the  officers  of  the 

also  death  benefits,  at  net  cost  to  the  eiuployees,  the  company,  by  the  Executive  Coiumitlee  and  the  Board 

company  paying  all  expenses,  including  those  for  the  of  Directors,  which  resulted  in  their  adoption  and  in- 

}3h\sician's   services   and   medicines    furnished   at   the  troduction  with  suitable  changes. 
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The  new  plan  conslilutes,  in  many  respects,  tlie 
greatest  advance  in  social  insurance  yet  made  in  this 
country — matched  in  few  regards  by  the  plans  of  any 
other  employer,  except  the  Wcstinghouse  Air-Brake 
Company,  which  has  adopted  plans  of  very  nearly  the 
same  character — and  not  excelled  by  the  most  liberal 
plans  abroad.    The  main  features  are  as  follows : — 

ACCIDENT   COMPENSATION 

From  funds  contributed  solely  by  the  Company,  in  case 
of  accident  in  the  performance  of  duty  as  an  employee  of 
the  Compmy,  payment  is  made  : 

Total  disability:  Two-thirds  wages  from  date  of  dis- 
ability throughout  its  entire  duration— hmits,  from  $3  to  $lS 
per  week. 

Partial  disability:  Two-thirds  of  reduction  in  earning 
power,  throughout  its  entire  duration—maximum,  $15  per 
week. 

T'uneral  benefits:     $150  in  every  case. 

Pensions  to  dependents:  Widow  (or  dependent  wid- 
ower) 30  percent  of  wages  during  entire  period  of  widow- 
hood, with  two  years'  pension  in  one  sum  upon  remarriagr^, 
and  ID  percent  of  wages  additional  for  each  child  under  16 
until  of  that  age. 

If  no  widow  (or  dependent  widower)  15  percent  of 
wages  for  each  child  under  16  until  that  age. 

If  these  pensions  are  less  than  two-thirds  wa"es  pen- 
sions to  dependent  parents  or  grandparents  during  depend- 
ency or  dependent  grandchildren  under  16  until  of  that  age 
at  rate  of  10  percent  of  wages,  but  not  to  bring  total  above 
two-thirds  wages. 

Wages  above  $100  per  month  not  counted  in  computing 
these  pensions. 

Medical  surgieal  or  hospital  treatment,  with  medicines 
throughout  disability,  supplied  by  Company. 

This  applies  in  states,  like  Pennsylvania,  where 
there  is  no  workmen's  compensation  law.  In  states 
like  New  Jersey  and  Ohio  where  there  are  such  laws, 
the  provisions  of  the  law  are  substituted  except  that! 
m  general,  if  the  provisions  of  the  plan  are  more  lib- 
eral than  those  of  the  law,  whether  as  to  the  amount 
of  compensation  or  duration  of  payment,  the  provis- 
ions of  the  plan  apply  and  the  company  will  first  pro- 
vide what  the  law  requires  and  then  whatever  addi- 
tional these  provisions  require.  The  laws  of  no  state, 
except  New  York,  are  at  present  so  liberal  as  this 
plan ;  and  even  in  New  York,  tlie  limit  for  total  disa- 
bility is  $15  per  week,  instead  of  $18  named  in  this 
plan,  and  the  first  two  weeks  are  not  compensated. 

The  accident  compensation  provisions  apply  to  all 
the  employees  of  the  company,  whether  they  become 
members  of  the  relief  fund  or  not. 

THE  RELIEF  FUND 

Dmihility  and  Death  Due  to  Ordinary  Causes— 
Investigation  of  the  experience  of  the  relief  fund 
showed  that  the  very  liberal  scale  of  benefits  paid 
under  its  rules  could  safely  be  continued  for  disability 
due  to  causes  other  than  accidents  in  performance  of 
duty,  without  increase  in  the  dues  to  be  paid  by  the 
members,  throughout  the  entire  period  of  disability  or 
until  pensioned  by  the  company,  instead  of  being  lim- 
ited to  39  weeks  as  heretofore. 

Death  Due  to  Ordinary  Catises — Investigation 
likewise  showed  that  these  dues  were  also  sufticent  to 
pay  benefits  in  case  of  death  from  ordinary  causes,  at 
the  same  rate  as  heretofore. 

Total  Relief  Fund  Benefits — Accordingly  the  reg- 
ulations of  the  relief  department  were  amended   to 


provide  benefits  for  disability  and  death  due  to  causes 
other  than  accident  in  the  performance  of  duty,  on  the 
following  scale,  the  disability  benefits  to  be  paid 
throughout  disability  or  until  pensioned  by  the  com- 
pany :— 


Class 


jWages  or  Salary  Dues  per 
Per  Month        Month 


Disability 

Benefit 

per  Week 


Half-rate  I.cp?  than  S-W.OO 


1st 
2nd 
3rd 
4  th 
Sth 


S30.00  to  45.001 
45.00  to  60.00i 
60.00  to  75.00! 
75.00  to  95.00 
95.00  and  over 


S0.25 
0.50 
0.75 
1.00 
1.25 
1.50 


S  2.75 

5.50 

8.25 

11.00 

13.75 

15.50 


Death 
Benefit 


SIOO.OO 
200.00 
250.00 
300.00 
300.00 
300.00 


One-half  of  the  death  benefit  is  contributed  by 
the  company  which  also  pays  all  expenses,  including 
those  for  medical  consultation  and  treatment  and  med- 
icines at  the  plant. 

Employees,  whether  on  salary  or  wages,  who 
were  not  already  in  the  relief  fund,  were  admitted 
to  member.'^hip  during  January,  19x5,  without  regard 
to  age  or  physical  condition ;  after  that  month  only 
employees  under  the  age  of  50  who  pass  a  satisfac- 
tory medical  examination  will  be  admitted. 

SERVICE  PENSIONS 

In  addition  to  the  provision  for  disability  or 
death,  the  company  has  adopted  the  following  liberal 
system  of  service  pensions,  to  be  paid  by  the  com- 
pany out  of  its  own  funds  exclusively : — 

Retirement  age,  "jo;  but  at  discretion  of  the  presi- 
dent, at  any  age  between  60  and  70. 

Petision  equal  to  one  percent  of  average  salary 
or  wages  during  last  ten  years,  per  year  of  service. 

Minimum  years  of  service,  20  years;  minimum 
pension,  $20  per  month ;  maximum,  $100  per  month. 

Special  privileges  for  such  of  the  present  em- 
ployees as  would  not  be  20  years  in  the  service  when 
they  reach  age  70 :  minimum  term  of  sen'ice,  ten  years, 
and  minimum  pension,  $1  per  month  for  each  year  of 
sen'ice. 

Pension  continued,  one-half  to  widow  during  wid- 
owhood (with  two  years'  payments  on  remarriage)  if 
married  to  pensioner  when  not  disabled  and  at  least 
ten  years  before  pensioned,  and  one-fourth  for  each 
child,  or  wholly  dependent  grandchild,  under  16  until 
of  that  age — the  total  not  to  exceed  three-fourths  of 
original  pension. 

For  specially  meritorious  sen'ice,  the  president 
may  increase  the  pension  25  percent,  but  not  beyond 
$100  per  month. 

To  be  entitled  to  pensions,  employees  must  be 
members  of  the  relief  fund.  This  is  to  induce  tliem 
to  do  their  part  to  secure  the  complete  protection  for 
themselves  and  their  dependents  which  can  only  be 
done  by  means  of  the  relief  fund  provisions  for  bene- 
fits for  disability  or  death  due  to  ordinary  causes,  hav- 
ing nothing  to  do  with  the  employment. 

Jll  time  when  in  receipt  of  relief  for  disability  is 
counted   the  same  as  service  toward  a  pension ;  and 
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employees  who  are  on  relief  when  the  pension  age  is 
reached,  are  pensioned  precisely  as  if  in  the  service. 
The  following  shows  how  pensions  are  calculated: — 

EXAMPLES    FOR    CALCULATING    SERVICE    PENSIONS 

1 — Average  v^ages  or  salary  for  last  ten  years,  $40  per 
month;  years  of  service,  20;  pension  computed  at  one  per- 
cent for  each  year  of  service  would  be  20  percent  of  $40, 
which  is  $8  per  month;  but  as  the  minimum  pension  is  $20, 
the  pension  in  this  case  is  $20  per  month. 

2 — Average  wages  or  salary  for  last  ten  years,  $300  per 
month;  years  of  service,  40;  pension  computed  at  one  per- 
cent for  each  year  of  service  would  be  40  percent  of  $300, 
which  is  $120  per  month,  but  as  the  ma.ximum  pension  is 
$100  the  pension  in  this  case  is  $100  per  month. 

3 — An  example  for  calculating  pensions  for  present  em- 
ployees joining   the   relief    department   prior   to   February    I, 


191S,   who   cannot   complete   twenty   years   of    service   before 
reaching  the  age  of  seventy  years,  is  as  follows : 

Average  wages  or  salary  for  last  ten  years,  $80  per 
month;  years  of  service,  15;  pension  computed  at  one  per- 
cent for  each  year  of  service  would  be  15  percent  of  $80, 
which  is  $12  per  month  ;  but  as  the  service  period  is  fifteen 
years  and  the  minimum  pension  is  $1  per  month  for  each 
year  of  service,  the  pension  in  this  case  is  $15  per  month. 

These  plans  cover,  it  will  be  observed,  about  all 
the  contingencies  which  vi'ork  great  hardships  for  em- 
ployees and  their  families,  against  which  it  is  not  pos- 
sible for  them  to  protect  themselves  adequately  and 
regarding  which  it  has  come  to  be  recognized  that  so- 
cial insurance,  employer  and  employees  contributing 
fairly  according  to  the  nature  of  the  insurance,  is  the 
true  remedy. 


The  Cost  Department  and  the  Salesman 

H.  F.  MacLane 

NO  DOUBT  every  elYicient  sales  organization  trie  lights,  and  nearly  every  one  accepts  electricity 
has  a  complete  and  excellent  list  of  reasons  as  being  superior  to  steam  for  power ;  but  the  sales- 
why  the  consumer  or  prospective  customer  man,  before  dwelling  upon  the  superiority  of  his 
should  use  their  particular  product.  In  advancing  goods  from  all  standpoints  over  the  product  sold  by 
these  reasons,  emphasis  is  probably  laid,  and  rightly  other  concerns,  may  have  to  overcome  prejudices 
so,  on  the  direct  advantages  or  virtues  of  the  article  against  the  adoption  of  motors  in  place  of  gas  or 
or  apparatus  in  question,  such  as  comparative  cost,  steam  engines  or  other  sources  of  energy,  and  in 
quality,  endurance,  etc.,  and  the  indirect  benefits  are  doing  this  he  will  point  out  that  his  product  is 
perhaps  also  dwelt  upon  to  some  extent ;  but  it  is  very  cheaper,  is  better  constructed,  more  durable  or 
possible  that  these  indirect  advantages,  and  as  this  is  luore  powerful,  is  cleaner,  requires  fewer  workmen 
written  from  a  cost  standpoint,  they  may  be  referred  to  operate,  takes  up  less  space.  He  may  point 
to  as  indirect  savings,  are  passed  over  with  much  less  out  that  by  installing  motor  drive  on  machine 
consideration  than  they  deserve.  tools  the  motor  repairs  will  cost  much  less  than 
One  of  the  principal  functions  of  a  cost  system,  the  o\'erhead  shafting  repairs ;  that  by  the  use 
whether  of  a  central  station  or  maiuifacturing  plant,  of  motor  drive  machines  may  be  installed  in  rooms 
is  to  furnish  the  sales  department  with  correct  costs  where  the  ceilings  are  too  low  for  overhead  shaft- 
for  use  as  a  basis  in  setting  their  selling  prices,  and  to  ing;  that  considerably  less  belting  is  required  and 
provide  the  management  with  an  accurate  record  of  the  the  cost  for  repairs  to  belting  would  therefore  be  less 
cost  of  operating  a  plant,  although  the  possibilities  as  well  as  the  cost  for  new  belts;  that  with  motor 
of  the  cost  system  extend  far  beyond  these  two  main  drive  a  breakdown  results  in  only  one  machine  being 
features.  Another  important  use  of  the  cost  system  out  of  commission  instead  of  a  number,  as  might  be 
IS  that  it  furnishes  a  basis  for  introducing  eiificiency  the  case  where  the  shafting  required  repairs ;  and  the 
ideas  and  measuring  the  results  of  such  methods,  one  many  other  equally  important  advantages  will  prob- 
phase  of  this  work  being  the  compilation  of  data  for  ably  be  given.  But  will  it  be  explained  that  the 
comparing  operating  expenses  under  different  manu-  smaller  space  required  means  less  space  to  heat  and 
facturing  methods.  In  a  manufacturing  concern  this  light;  lower  building  cost  in  putting  up  new  buildings 
is  done  by  the  cost  departmeiU  directly ;  in  the  sales  or  additions ;  a  smaller  cost  for  waste  and  lubrication ; 
department  of  a  central  station  it  should  be  done  by  smaller  loss  in  wages  in  the  number  of  men  tem- 
the  power  solicitor  in  the  plants  of  the  company's  porarily  forced  to  be  idle  as  compared  with  the  case 
prospective  customers.  It  has  frequently  been  the  case  where  a  lunuber  of  machines  are  delayed  by  an  acci- 
that  statistics  of  this  kind,  furnishing  data  as  to  the  dent  to  the  shafting;  and  other  indirect  features  too 


indirect  savings  that  would  result  from  the  installa- 
tion of  the  particular  apparatus  or  commodity  handled 
by  the  salesman,  have  proven  the  deciding  argument 
in  making  the  sale.  One  or  two  illustrations  of  such 
statistics  will  be  considered,  no  attempt  being  luade 
to  go  into  details  regarding  the  cost  department's 
plans  for  obtaining  data  of  this  kind  or  to  provide  a 
list  of  such  indirect  savings. 


numerous  to  mention? 

As  an  example  of  how  such  evidence  comes  di- 
rectly to  the  co.st  department,  a  case  inay  be  men- 
tioned where  a  breakdown  threw  a  group  of  machines 
out  of  operation  for  some  time  and  it  was  necessary 
to  charge  the  wages  of  the  men  on  these  machines 
during  the  time  they  were  idle  to  the  cost  of  making 
the  repairs,  in  addition    to    the    expense  involved  in 


The  use  of  electricity  has  reached  the  point  actuallv  repairing  the  shafting.  The  size  of  the  re- 
where  it  is  not  necessary  to  convince  a  man  that  he  sultant  cost  item  for  a  simple  repair  makes  the  ad- 
should  wire  the  new  house  he  is  building  for  elec-      vantages   of  motor   drive   in   such   cases   stand   out   in 
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striking  proportions.  The  most  approved  practice  for 
figiiring  costs  is  to  calculate  the  total  direct  and  in- 
direct cost  per  hour  for  operating  each  machine  tool 
in  the  plant,  including  in  this  amount  the  proper  share 
of  total  repairs  to  both  the  tools  and  building,  light- 
ing, sweeping,  heating,  insurance,  depreciation  on  in- 
vestment and  salaries  of  foremen,  clerks  and  others ; 
and  under  this  plan  the  indirect  loss  due  to  the  ma- 
chines being  out  of  operation,  as  in  the  case  mentioned 
above,  is  often  a  much  more  important  item  than  the 
wages  paid  the  operators  on  these  machines  while  they 
stand  around  waiting  for  the  repairs  to  be  made.  It 
is  this  type  of  data  that  the  motor  or  power  salesman 
should  have  at  his  finger  tips,  so  as  to  be  able  to 
advance  it  in  such  a  way  tliat  it  could  be  readily 
recognized  as  a  direct  loss  due  to  not  having  had 
motor  driven  power  tools. 

One  other  example  of  the  importance  of  indirect 
savings — and  in  this  case  the  cost  data  came  after 
the  change  was  made  instead  of  the  change  being  the 
result  of  the  data — is  in  connection  with  the  introduc- 
tion of  electric  trucks  for  transporting  material  and 
apparatus  from  the  receiving  department,  be- 
tween works  departments  and  from  the  works 
to  the  stores  and  shipping  departments  in  a  large  man- 
ufacturing concern.  'J"he  need  for  increasing  the 
facilities  in  the  freight  and  express  receiving  depart- 
ment became  pressing,  and  while  the  management  was 
considering  the  possibility  of  enlarging  the  depart- 
ment, canvassing  the  situation  for  an  available  loca- 
tion and  obtaining  an  estimate  of  the  cost,  the  diffi- 
culty was  unexpectedly  solved  by  the  purchase  of  a 
number  of  electrically-operated  trucks. 

The  difificulties  of  the  receiving  department  had 
been  given  no  consideration  whatever  in  arriving  at 
the  decision  to  buy  the  trucks  and  the  recommendation 
for  the  expenditures  on  an  addition  to  this  depart- 
ment continued  under  advisement  for  some  time  after 


the  new  trucks  were  put  in  operation  before  it  was 
discovered  that  the  necessity  for  more  space  had 
ceased  to  exist.  The  cause  for  the  new  state  of  affairs 
was  not  realized  at  first,  but  it  gradually  became  evi- 
dent that  with  the  electric  trucks  the  material  was 
moved  so  much  faster  that  the  congestion  formerly 
existing  in  the  receiving  department  had  been  en- 
tirely relieved.  This  is  cited  as  a  typical  instance  <>f 
the  valuable  talking-points  made  available  to  the 
salesman  through  the  cost  department.  Probably  tlie 
deciding  arguments  for  purchasing  the  trucks  in  this 
case  were  that  deliveries  would  be  made  in  less  time 
and  that  the  speed  of  these  electric  trucks  over  the 
old  hand-pulled  trucks  would  enable  the  deliveries  to 
be  handled  with  a  smaller  number  of  trucks  and  a 
corresponding  reduction  in  the  wages  of  truck 
operators;  whereas  the  very  great  saving,  due  to 
obviating  the  necessity  for  a  heavy  expenditure  in 
providing  more  receiving  space,  as  subsequently  de- 
veloped through  the  cost  department,  was  not  thought 
of  as  an  argument  for  the  use  of  the  electric  trucks. 

This  type  of  data  is  not  simply  of  value  to  the 
large  manufacturer,  but  to  the  central  station  partic- 
ularly and  then  to  the  dealers  and  jobbers  who  handle 
similar  commodities.  In  short,  while  the  writer 
naturally  looks  at  the  subject  from  the  par- 
ticular viewpoint  of  his  own  work,  the  point 
it  is  desired  to  make  is  that  probably  any  sales  organi- 
zation would  do  well  to  give  some  attention  to  the 
data  worked  up  by  its  own  or  its  patrons'  cost  de- 
partments in  connection  with  the  cost  of  output  and 
the  efficiency  of  operation,  in  so  far  as  such  data 
may  have  a  bearing  on  the  qualities  or  advantages 
of  the  apparatus  being  sold;  and  those  being  trained 
for  the  selling  end  of  any  business  should  be  cau- 
tioned to  give  proper  importance  to  the  indirect 
savings  or  benefits  to  be  secured  ihniugh  the  jsur- 
chase  of  their  product. 


Considerations  in  the  Design  of  Railway  Motors 

INSULATION  DESIGN 


R.  E.   11 

TME   following  is  a  list  of  characteristics   which 
are  desirable  in  insulation  materials  for  railway 
motors.     The  items  are  given  in  llu-ir  relati\e 
importance  as  they  ajipear  lo  ihe  writer:  — 

I — Good  moclianical  properties ;  that  is,  they  slioiiUl  stanl 
up  well  under  mechanical  stresses,  especially  under 
pressure,  and  sltould  withstand  a  large  amount  of 
vibration  without  crackiuR  or  chafinp  away. 

2 — They  should,  in  general,  he  flexible  and  sliould  stand 
a  certain  amount  of  bending  and  pounding  during  the 
process  of  manufacture  or  repairs,  assuming  a  rea- 
sonable amount  of  care. 

3— They  should  withstand  liigh  temperatures  withom 
deteriorating  to  such  an  extent  as  to  lose  their  me- 
chanical and  insulating  <iualities.  and  without  melting 
in  the  case  of  gums  and  similar  materials. 

4 — After  once  in  place,  they  should  not  shrink  with  the 
appli'-ition  of  heat  or  mechanical  stresses. 

5 — The  space  occupied  should  be  sinall. 

6 — They  should  be  moisture  proof. 

7 — They  should  have  a  high  dielectric  strength. 


8 — .VII  exposed  parts  of  insulating  materials  should,  after 
application,  have  smooth  surfaces,  so  that  dirt  or 
moisture  cannot  easily  adhere.  Dirt  or  other  foreign 
matter  on  an  insulating  surface  frequently  leads  to 
creepage  breakdowns  or  similar  trouble, 

q — Low  cost  is,  of  course,  desirable  in  any  insulating 
material. 

It  will  be  noticed  that  mechanical  strength  of  the 
insulation  is  considered  of  prime  importance  in  the 
above  list,  while  high  dielectric  strength  is  rather  far 
down  in  the  list.  This  is  intended  to  apply  in  partic- 
ular to  6oo  volt  motors.  With  this  voltage  almost 
any  known  insulating  material  has  sutificient  dielectric 
strength  if  it  has  the  mechanical  properties  desirable 
under  the  exacting  conditions  existing  in  railway  serv- 
ice. The  writer,  therefore,  froin  a  service  point  of 
view,  prefers  the  material  which  is  mechanically  reli- 
able to  the  material  of  high  dielectric  strength.  In 
case  of  high  voltage  motors,  the  relative  importance 
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of  the  two  items  changes  to  some  extent.  In  connec- 
tion with  the  dielectric  strength,  it  is  also  necessary 
to  keep  in  mind  the  rather  high  insulation  tests 
called  for  bv  the  Rules  of  the  American  Institute  of 
Electrical  Engineers,  which  often  necessitate  the 
use  of  a  material  with  higher  dielectric  strength 
than  required  in  service. 

AVAILABLE   INSULATING   MATERIALS 

No  insulating  material  possesses  all  of  the  desir- 
able qualities  enumerated  above,  and  the  best  that  can 
be  done  is  a  compromise.  There  are  but  a  few 
basic  materials  which  are  available  as  insulation  in 
railway  motors.  These  are  divided  into  two  classes; 
first,  mineral  materials  like  mica  and  asbestos,  which 
withstand  comparatively  high  temperatures  (Class  C 
of  the  A.  I.  E.  E.  Rules)  ;  and  second,  fibrous  mate- 
rials like  cotton,  paper,  linen,  etc.,  which  only  with- 
stand comparatively  low  temperatures  (Class  A  of 
the  A.  I.  E.  E.  Rules).  For  railway  motors  it  would 
seem  desirable  to  use  the  high  temperature  materials, 
so  as  to  design  the  motors  for  high  temperature  and 
thus  make  them  light  in  weight  and  small  in  size.  Un- 
fortunately these  materials  are  poor  in  other  respects. 

Mica,  for  instance,  if  subjected  to  chafing  will 
pulverize.  Further,  it  is  practicably  impossible  to 
apply  it  anywhere  in  its  natural  form  except  in 
straight,  simple  sheets.  Finally,  it  is  very  expensive. 
These  difiiculties  in  the  application  of  pure  mica  prac- 
tically preclude  its  use  as  an  insulation  except  in 
sheet  form  between  the  segments  of  commutators. 
But  even  there  its  use  has  been  practically  aban- 
doned because  the  natural  mica  found  in  sufficiently 
large  plates  of  uniform  quality  is  very  rare  and 
therefore  very  expensive. 

Pure  Asbestos  is  subject  to  similar  disadvantages 
as  an  insulation  material.  For  the  small  thicknesses 
applying  in  railway  motors  it  is  practically  impossible, 
from  a  mechanical  point  of  view,  to  use  pure  asbestos. 

Composite  Materials — The  next  best  substitute 
for  pure  mica  and  asbestos  are  materials  which  con- 
sist principally  of  compositions  of  mica  and  asbestos, 
with  certain  supporting  or  binding  materials  to  facili- 
tate the  application  and  improve  the  mechanical 
properties.  If  such  supporting  or  binding  materials 
are  used  in  small  quantities  and  arranged  so  that 
their  deterioration  by  heat  will  not  interfere  with 
the  insulating  and  mechanical  properties  of  the  final 
product  in  the  machine,  such  composite  materials 
(Class  B  of  the  A.  I.  E.  E.  Rules)*  have  superior  heat 
resistance  to  fibrous  materials. 

Built-up  Mica  is  probably  the  best  among  the 
Class  B  products,  as  far  as  its  application  in  railway 
motors  is  possible.     It  consists  of  small  thin  pieces 


*The  -American  Institute  f  Electrical  Engineers  allows 
for  these  materials  maximum  temperatures  in  service  of  100 
degrees  C.  as  determined  by  the  thermometer  and  of  130  de- 
grees C.  as  determined  by  resistance  for  continuous  service 
in  railway  motors.  For  infrtquent  occasions  15  degrees 
tests  on  the  stand,  temperatures  rises  of  80  degrees  C.  by 
higher  temperatures  are  permissible.  For  continuous  rating 
the  thermometer  and  105  degrees  C.  by  resistance  are  per- 
mitted. 


which  are  held  together  by  shellac,  which  in  turn  is 
applied  in  smaller  or  larger  quantities  depending  upon 
the  kind  of  application.  Flat  sheets  of  built-up  mica 
are  used  to  good  advantage  for  insulation  between 
commutator  segments.  Care  must  be  taken,  however, 
that  the  minimum  amount  of  shellac  is  used,  as  with 
too  much  shellac  the  material  is  liable  to  shrink  under 
pressure  and  heat,  and  lead  to  looseness  of  the  com- 
mutator. Flat  sheets  of  built-up  mica  are  also  used 
between  layers  of  field  coils,  etc.  Since  the  little 
pieces  used  for  the  built-up  mica  are  flexible  in  them- 
selves it  is  possible  to  build  up  various  shapes,  such 
as,  for  instance,  V-rings  for  commutators. 

Additional  difficulty  is  encountered  in  applying 
mica  as  an  insulation  to  coils  or  heavy  strap  conduc- 
tors. Here  it  is  not  only  necessary  to  introduce  a 
binding  material  but  also  to  use  some  fibrous  mate- 
rial like  paper  or  cotton  as  a  base  for  the  mica  in 
order  to  make  its  application  possible.  It  is  custom- 
ary, for  instance,  to  build  up  mica  on  thin  sheets  of 
fish  paper  or  Japanese  paper  and  to  wrap  the  re- 
sultant sheet  around  the  straight  parts  of  the  arma- 
ture coils  or  heavy  conductors.  It  is  also  customary 
to  build  up  mica  on  a  thin  cotton  tape  and  use 
the  resultant  material  for  taping  coils  or  heavy 
conductors.  If  in  these  last  mentioned  cases  the 
amount  of  paper  or  tape  used  is  relatively  small,  and 
if  the  material  is  applied  in  such  a  location,  as  in  an 
armature  slot,  that  the  mica  will  remain  intact  even 
after  the  paper  or  the  cotton  tape  has  deteriorated, 
these  materials  may  still  be  expected  to  withstand 
fairly  high  temperatures.  (This  means  that  they  may 
still  be  considered  in  Class  B  of  the  A.  I.  E.  E.  Rules.) 

In  all  these  applications  of  built-up  mica,  it  ful- 
fills all  of  the  desirable  requirements  given  for  insula- 
tion, with  two  exceptions,  namely,  it  is  expensive  and 
it  is  liable  to  pulverize  through  chafing  caused  by  vi- 
bration. The  latter  danger  exists  especially  whenever 
mica  is  used  for  insulation  of  coils,  if  the  coils  are 
subject  to  shrinkage,  causing  looseness  and  vibration. 

The  use  of  mica  as  insulation  for  wire  and  other 
small  conductors  is  made  practically  impossible  by  the 
difficulties  and  expense  encountered. 

Asbestos  Insulation  may,  like  built-up  mica,  be 
made  by  the  use  of  certain  binding  materials  so  that 
it  is  more  readily  applicable  in  the  form  of  asbestos 
tape,  asbestc>s  paper,  etc.  By  the  use  of  some  bind- 
ing material  it  is  also  possible  to  insulate  copper  wire 
and  small  straps  with  asbestos.  In  all  these  cases, 
except  asbestos  tape  which  can  readily  be  used  in  tap- 
ing armature  coils  or  field  coils  as  well  as  for  some 
other  purposes,  the  mechanical  qualities  of  these  in- 
sulations are  still  quite  poor.  It  is,  for  instance,  very 
difficult  to  wind  an  armature  with  asbestos-covered 
wire  without  injuring  the  insulation.  While  an  arma- 
ture wound  with  asbestos-insulated  wire  will  be  less 
subject  to  roasting  than  an  armature  wound  with  cotton 
covered  wire,  it  is  doubtful  whether  there  is  any  real 
gain,  because  of  the  frequent  breakdowns  caused  by 
the  mechanical  injuries  sustained  during  winding.     In 
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other  ways,  also,  it  cannot  be  claimed  that  asbestos 
products  are  ideal  as  an  insulating  material.  They 
usually  require  much  space,  if  used  in  sufficient 
thickness;  they  are  not  in  themselves  moistureproof ; 
they  have  \-ery  low  dielectric  strength ;  they  do  not 
give  a  smooth  surface,  and  they  are  expensive. 

Fibrous  Materials  {Class  A  of  A.  I.  E.  E.  Rules), 
while  they  do  not  withstand  high  temperatures,  are 
advantageous  in  a  good  many  other  respects,  and 
are  extensively  used  in  railway  motors. 

Cotton  insulation  is  after  all  the  only  insulation 
which  can  be  applied  satisfactorily  to  smaller  conduc- 
tors, such  as  wire  used  in  railway  motor  armatures : 
it  is  mechanically  suitable ;  it  can  easily  be  applied ;  it 
requires  small  space ;  it  has  fairly  good  dielectric 
strength  :  if  properly  treated  with  some  compound,  it 
is  reasonably  moistureproof;  and  it  is  low  in  cost. 
While  cotton  will  roast  out  if  subjected  continuously 
to  temperatures  above  95  degrees  C ;  it  stands  tem- 
peratures considerably  abo\e  100  degrees  for  short 
periods.  Thus  motors  with  untreated  cotton  insula- 
tion are  often  heated  temporarily  to  such  an  extent 
as  to  melt  soldered  coiniections,  while  subsequent  in- 
spection will  show  that  the  cotton  has  hardly  been 
affected.  This  property  is  responsible  for  the  fact  that 
cotton-insulated  railway  motors  operate  for  years 
under  conditions  where  the  daily  temperature  of  the 
motor  remains  below  95  degrees  C,  with  an  occasional 
period  of  short  overloads  during  which  this  tempera- 
ture is  far  exceeded. 

Cotton  for  taping  coils  and  other  parts  is  par- 
ticularly handy  in  its  application  and  has  the  same 
advantages  as  enumerated  above  for  the  cotton  insu- 
lation used  on  wires,  etc.  The  same  applies  to  cot- 
ton gauze,  linen  and  cambric  tapes  and  the  like. 

Paper  Products  of  the  various  types  manufac- 
tured for  insulating  purposes,  while  not  withstanding 
very  high  temperatures,  serve  many  good  purposes  in 
the  insulation  of  railway  motors.  The  use  of  fish 
paper  and  Japanese  pajjcr  in  combination  with  mica 
for  wrappers  of  coils  has  already  been  mentioned. 
Fish  paper  also  furnishes  an  excellent  mechanical  pro- 
tection for  the  coils  in  slot  cells.  Also  fullerboard 
is  used  to  advantage  in  a  good  many  places. 

Eike  cotton,  nio^t  paper  materials  have  good  me- 
chanical |)roperties;  they  may  readilv  be  api)licd  in 
small  thicknesses ;  they  can  be  made  fairly  moisture- 
proof ;  they  have  good  dielectric  strength  if  kept  dry, 
and  are  cheap.  Also  they  have  a  good,  smooth  surface. 

TRIC.MING   AND   IMPREGNATING 

The  qualities  of  the  fibrous  materials  as  well  as 
of  asbestos  products  as  insulating  materials  may  be 
improved  considerably  by  impregnating,  dipping  or 
treating  with  certain  compounds,  varnishes,  gums, 
bakelite  or  the  like.  Various  results  may  be  obtained 
by  such  processes ; — First,  the  treating  materials  fill 
or  close  up  the  pores  of  the  Iwsic  material  and  reduce 
or  entirely  eliminate  any  moisture  absorbing  tendency 
and  assist  in  maintaining  the  dielectric  strength ;  sec- 


ond, the  treating  material  may,  and  usually  does,  in- 
crease the  dielectric  strength  of  the  basic  materials 
even  while  there  is  no  moisture  to  be  considered ; 
third,  most  treating  materials  assist  in  obtaining  a 
smooth  surface  of  the  insulating  material ;  fourth,  the 
treating  material  often  increases  the  heat  resistance 
quality  of  the  basic  material;  and  fifth,  the  filling  up 
of  the  pores  by  the  treating  material  may  in  certain 
cases  reduce  the  tendency  to  shrink.  Incidentallv  the 
treating  materials  increase  the  heat  conductivity  of 
the  insulation,  making  it  easier  for  the  heat  to  travel 
from  the  conductor  to  the  outside;  which  means  less 
difference  of  temperature  between  the  conductors  and 
the  outside.  The  new  A.  I.  E.  E.  Rules  recognize  the 
possibility  of  increasing  the  heat  resistance  by  cer- 
tain treatments  and  a  new  ub-class  {Class  A — 2)* 
of  treated  fibrous  materials  has  been  introduced. 

These  treatments  may  be  applied  to  the  various 
insulating  materials  before  they  are  applied  to  the 
coils  or  the  coils  may  be  treated  after  part  or  all  of 
the  basic  insulating  materials  have  been  put  in  place; 
finally  it  is  possible  to  apply  certain  of  the  treat- 
ments to  the  complete  armature  or  even  to  a  com- 
[ilete  field  structure. 

Treated  cloth  and  various  treated  tapes  receive 
treatment  before  application  to  the  coils.  These  ma- 
terials have  good  all  around  properties  as  insulating 
materials  except  that  treated  cloth  is  rather  liable  to 
break  if  bent  sharply  and  subsequently  subjected  to 
])ressure  or  hammer  blows,  which  occur  to  some  ex- 
tent during  the  process  of  armature  winding;  a  cer- 
tain amount  of  care  in  this  respect  is  therefore  nec- 
essary where  treated  cloth  or  cotton  is  being  used. 

Other  materials  being  used  are  shellac  treated 
asbestos  tape  and  shellac  treated  fishpaper  or  fuller- 
board.  For  pieces  of  certain  form,  like  commutator 
rings,  bakelite  micarta  (a  bakelized  paper  product) 
may  be  used  to  good  advantage;  bakelite  treatment 
should,  however,  be  avoided  where  bending  or  re- 
forming is  necessarj'  during  the  application  of  the  in- 
sulation, because  bakelized  materials  may  develop 
cracks  with  subsequent  breakdowns  under  such  condi- 
tions. 

Certain  treatments  of  cotton  covered  wire  should 
further  be  mentioned.  While  such  treatments  have 
advantages  they  often  destroy  the  good  mechanical 
properties  of  cotton  and  some  caution  is  advisable 
in  their  introduction  and  application. 

For  the  treatment  of  armature  coils,  black  plastic 
varnish,  black  asphaltum,  air  drying  and  other  var- 
nishes are  commonly  used.  The  use  of  bakelite  is  not 
advisable  for  the  reason  already  mentioned. 

For  the  treatment  of  field  coils  various  types  of 


♦The  American  Iii.>;titiitc  of  Electrical  Engineers  allows 
for  these  materials  a  maximum  temperature  in  service  of  93 
degrees  C.  as  determined  by  tliermometcr  and  no  degrees  C. 
as  determined  by  resistance  for  continuous  service  in 
railway  motors.  For  infrequent  occurrence,  15  degrees 
higher  temperatures  are  permissible.  For  continuous  rating 
tests  on  the  stand,  temperature  rises  of  65  degrees  by  the 
thermometer  and  85  degrees  by  resistance  ..re  allowed. 
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gums  are  commonly  used ;  bakelite  will  give  good  re- 
sults and  a  coil  standing  very  high  temperatures,  if 
used  with  certain  precautions.  At  times  it  has  been 
the  practice,  especially  in  case  of  high  voltage  arma- 
tures, to  dip  the  entire  armature  in  varnish  after 
being  wound.  This  practice  has  an  excellent  influence 
upon  the  life  of  the  armature  insulation,  especially  if 
the  process  of  dipping  is  repeated  from  time  to  time 
after  the  armature  is  in  service.  The  reason  for  this 
is  that  the  varnish  fills  up  all  small  cracks  and  spaces, 
and  effectually  prevents  dirt,  and  especially  carbon 
dust,  as  well  as  dampness,  from  entering  places  where 
it  might  facilitate  creepage  and  consequent  breakdown. 
The  practice  of  dipping  has,  however,  the  disadvan- 
tage that  it  makes  a  solid  mass  out  of  the  entire 
winding,  and  thus  a  repair  by  partially  rewinding  an 
armature  is  made  very  difficult.  It  becomes,  there- 
fore, a  matter  of  individual  choice  as  to  whether  the 
saving  accomplished  by  avoiding  breakdowns  through 
the  dipping  process  is  of  greater  importance  than  the 
extra  expense  caused  on  account  of  the  dipping, 
whenever  repairs  are  necessary. 

The  same  considerations  appl)'  to  the  practice  of 
bakelizing  complete  armatures  which  has  been  pro- 
posed at  times,  with  the  only  difference,  that  while 
the  bakelizing  makes  the  armature  even  better  than 
dipping,  in  so  far  as  it  stands  very  high  temperatures, 
it  also  makes  the  repair  much  more  difficult. 

SELECTION    AND    APPLICATION    OF    INSULATION 

It  will  be  seen  from  the  above  discussion  of  ma- 
terials and  practices,  that  none  of  the  means  available 
for  insulation  are  good  for  all  around  application,  but 
rather  that  each  of  the  items  discussed  may  be  used 
to  good  advantage  in  certain  cases.  It  is,  therefore, 
evident  that  the  best  compromise  of  a  railway  motor 
insulation  is  obtained  by  the  skillful  combination  of 
various  materials,  using  each  in  the  proper  place. 

In  armatures  with  small  conductors,  the  conduc- 
tor proper  is  usually  double  or  triple  cotton  covered 
and  the  cotton  is  treated  either  before  or  after  the 
coil  is  wound;  at  times,  especially  near  bends  and 
crossovers,  where  the  cotton  is  subject  to  mechanical 
injury,  the  cotton  insulation  is  reinforced  by  fish  paper 
or  the  like;  fullerboard  strips  shellaced  between  the 
various  layers  of  a  coil  also  serve  the  purpose  of  hold- 
ing the  wires  together  besides  furnishing  extra  insula- 
tion. Additional  insulation  and  protection  of  the  coil 
is  usually  obtained  by  several  layers  of  cotton,  linen 
or  asbestos  tape.  Additional  dielectric  strength 
against  grounds,  for  the  portion  of  the  coils  located 
in  the  slots,  is  provided  by  wrappers  of  treated 
cloth  or  mica  and  fish  paper,  placed  underneath  or 
between  various  layers  of  tape.  Dipping  or  im- 
pregnating and  baking  processes  are  usually  ap- 
plied several  times  to  the  coil  in  its  various 
stages.  It  should  be  kept  in  mind  in  this  connec- 
tion that  the  application  of  mica  or  asbestos  tape  in 
such  a  coil  with  cotton  on  the  conductor  does  not 
improve  its  heat-resisting  qualities  in  practice,  be- 


cause a  deterioration  of  the  cotton  would  cause  short- 
circuits  between  turns  with  high  {Class  B)  tempera- 
ture. The  use  of  mica  is  therefore  merely  desirable 
to  increase  the  dielectric  strength,  as  for  instance 
in  case  of  i  200  volt  apparatus. 

In  armatures  with  heavy  conductors,  it  is  easier 
to  provide  for  a  Class  B  insulation  which  is  mechan- 
ically reliable.  Here  it  is  feasible  to  insulate  the  in- 
dividual conductor  with  mica  tape,  using  mica  rein- 
forcing pieces  wherever  necessary.  Further  insula- 
tion against  grounds  in  the  slots  may  be  provided  by 
fishpaper  and  mica  wrappers.  An  outside  protection 
may  be  obtained  by  taping  with  asbestos  tape  or  even 
cotton  tape  in  so  far  as  the  outer  layer  of  tape  is  mere- 
lyintendedto  serve  as  a  mechanical  protection  during 
the  process  of  manufacturing.  Whenever  it  is  not  in- 
tended to  olitain  Class  B  insulation  with  heavy  strap 
conductors,  mica  tape  may  be  advantageously  replaced 
by  cotton  tape  with  proper  treatment. 

In  all  cases  it  is  good  practice  to  put  fullerboard 
cells  into  the  armature  slots  before  winding,  princi- 
pally to  prevent  chafing  of  the  coils  against  the  sides 
of  the  slot  and  consequent  damage.  Such  damage  is, 
of  course,  most  liable  to  occur  at  the  ends  of  the  slots 
where  the  coil  rests  against  more  or  less  sharp  cor- 
ners, and  it  has  proven  to  be  an  advantage  to  protect 
the  coil  at  the  ends  of  the  slots  by  heavy  fishpaper 
reinforcing  U-pieces.  The  insulation  best  adapted  for 
providing  additional  insulation  of  the  coils  against  the 
coil  supports  is  treated  cloth  applied  in  comparatively 
thick  layers  between  the  coil  supports  and  the  coils ; 
at  times  mica  or  bakelized  micarta  form  pieces  are 
used  for  this  purpose.  It  is  further  good  practice  to 
use  for  mechanical  protection  one  or  more  strips  of 
fullerboard  on  top  of  the  armature  coils,  where  they 
are  in  contact  with  the  core  bands.  These  strips  may 
be  eithei-  taped  in  with  the  coils  or  laid  on  top.  In  ad- 
dition to  this  it  is  necessary  to  use  protecting  fuller- 
board  strips  underneath  the  bands  over  the  end  con- 
nections of  the  coils. 

In  the  insulation  of  field  coils  it  is  usually  possi- 
ble to  apply  asbestos  to  better  advantage  than  in  the 
armature  because  the  field  coils  are  stationary  and 
relative  movements  of  the  parts  of  the  coils  can  be 
prevented.  Also  the  voltages  within  the  field  coil  are 
so  small  as  not  to  require  a  high  dielectric  strength  be- 
tween single  turns.  In  strap  wound  field  coils,  asbestos 
tape  may  therefore  be  used  to  good  advantage  between 
turns.  Between  different  layers  of  the  coil  the  voltage 
may  be  higher,  and  it  is  therefore  customary  to  use 
mica  discs.  As  insulation  against  grounds  and  as  a 
mechanical  protection,  heavy  layers  of  asbestos 
taping  are  employed  to  good  advantage.  The  com- 
plete coil  is  usually  impregnated  with  some  com.- 
pound  in  order  to  fill  the  pores  and  the  spaces 
within  the  coil  and  prevent  the  absorption  of  damp- 
ness. In  case  of  field  coils  such  impregnation  pro- 
cesses and  even  bakelizing  are  not  at  all  objection- 
able because  it  is  very  rare  that  a  field  coil  is  damaged 
on  the  inside  and  has  to  be  repaired. 


Automatic  Protection  of  Motor-Generator  Sets 

OPERATING  IN  PARALLEL  ON  HIGH-VOLTAGE  DIRECT-CURRENT  SYSTEMS 

E.  F.  Nelson 

Switchboard  Engineering  Uept. 

Westinghouse  Electric  &  Mfg.  Company 

FOR  THE  successful  operation  of  synclirouous  from  the  system  in 
motor-generator  sets  in  parallel  on  high-voltage 
direct-current  systems,  it  is  necessary  to  provide 
automatic  protection  against  injury  due  to  abnormal 
operating  conditions.  The  systems  most  susceptible  to 
such  conditions  are  those  with  sub-stations  operating 
in  parallel  on  the  direct-current  side  and  obtaining  the 
alternating-current  power  from  separate  generating 
systems  or  over  separate  feeders. 

On  such  systems  the  direct-current  side  should 
be  provided  with  overload,  reverse  current  and  shunt 
trips,  and  the  alternating-current  circuit  breakers 
should  have  low-voltage  and  overload  trips. 

The  object  of  the  reverse-current  relay  on  the  di- 
rect-current side  is  to  provide  against  motoring  the  set 


case  this  relay  operates,  thus  re- 
moving all  possible  chance  of  the  power  coming  on 
again  with  an  out-of-phase  or  stationary  motor  con- 
nected to  the  system. 

The  low-voltage  coils  on  the  alternating-current 
circuit  breakers  should  be  set  to  operate  on  a  voltage 
drop  of  approximately  50  percent  of  normal,  which  is 
suflicient  to  cause  the  motors  to  slow  down  and  fall 
out  of  step.  This  low-voltage  protection  also  insures 
against  the  possibility  of  full  voltage  being  impressed 
on  the  windings  of  a  motor  which  has  slowed  down 
or  is  at  rest,  in  case  the  operator  failed  to  open  the 
alternating-current  circuit  breaker  when  the  power 
failed.     In  stations  having  more  than  one  motor-gen- 
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For  high-voltage  direct-oiirrent  motor-generator  set 

if.  for  any  reason,  the  alternating-current  power 
should  fail  on  one  of  the  generating  systems  or  feed- 
ers. This  relay  also  jjrovidcs  against  a  possible 
reversal  of  the  polarity  of  the  field  of  the  direct-cur- 
rent machines,  which  would  result  if  there  should  be 
an  increase  of  voltage  at  the  instant  of  motoring,  as 
this  would  cause  a  heavy  rush  of  current  into  the 
maohine. 

The  reverse  current  relay  should  be  arranged  to 
trip  out  first  the  alternating-current  and  then  the  direct 
current  circuit  breaker,  the  two  being  electrically  in- 
terlocked;  the  object  being  to  open  both  circuit  break- 
ers and  completely  disconnect  the  motor-generator  set 
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I'll'.  2  —  MAIN  CONNECTIONS  OF  HIGH-VOLTAt.E  MOTOR- 
GENERATOR    SET 

erator  set,  the  low-voltage  attachment  may  be  applied 
either  to  the  alternating-current  circuit  breakers  on 
the  individual  sets  or  to  the  main  station  circuit 
breaker. 

The  overload  coils  on  both  the  alternating-current 
and  direct-current  circuit  breakers  provide  protection 
against  all  possible  overloads.  The  trip  on  the  direct- 
current  circuit  breaker  should  be  adjusted  to  take  care 
of  all  ordinary  overloads,  and  that  on  the  alternating- 
current  side  should  be  set  high  enough  to  operate  only 
on  extreme  overloads  or  short-circuits. 


Die  Castings 

W.    H.     SCHERER 

Supervisor,  Rate  Department, 
Westinghouse  Electric  &  Mfg.  Company 


THE  making  of  finished  castings  in  metal  moulds, 
commonly  called  die  casting,  was  first  intro- 
duced in  the  manufacture  of  type  for  printing, 
successful  attempts  being  made  in  this  country  as  far 
back  as  1735.  The  great  advantage  of  casting  type 
in  metal  moulds  is  due  to  the  accuracy  and  uniformity 
of  the  finished  product  and,  as  soon  as  this  method 
of  casting  was  successful,  machines  were  developed 
which  enabled  the  parts  to  be  cast  at  a  greater  speed. 
These  have  now  been  perfected  to  such  an  extent  as 
to  produce  from  125  to  150  pieces  per  minute,  as  illus- 
trated by  monotype  and  linotype  typesetting  machines. 
The  vast  improvements  made  on  this  class  of 
work,  and  the  rapidity  with  which  type  could  be  cast, 
caused  die-cast  parts  to  be  used  in  many  other  lines 
of  manufacture,  where  the  activity  is  large  and  the 
parts  are  such  that  the  metal  used  gives  the  desired 
results ;  and  for  several  years  now,  castings  have 
been  made  in  die  moulds  to  exact  size,  so  that  no  fur- 
ther machining  is  necessary. 

ALLOYS 

W  hen  considering  parts  to  be  made  by  the  die- 
cast  process,  it  is  important  that  the  proper  alloy  be 
selected,  as  die  casting  is  limited  to  metals  of  low 
melting  point.  Where  strength  or  hard  surfaces  are 
required,  the  castings  must  be  reenforced  by  inserts. 
Numerous  castings  that  might  be  die  cast  advanta- 
geously from  a  cost  standpoint  do  not  lend  themselves 
to  this  method,  on  account  of  the  strain  such  parts 
must  stand. 

Die-casting  alloys  are  generally  of  a  zinc  or  tin 
base  with  copper,  aluminum,  antimony  and  sometimes 
other  metals  added  in  such  quantities  or  proportions 
as  to  obtain  the  various  degrees  of  hardness  and 
strength  best  suited  for  the  work  which  the  castings 
are  to  perform.  They  may  be  conveniently  divided 
into  three  groups  : — 

I — Zinc  90  percent — alloyed  with  copper,  tin  and  alumi- 
num. 

2 — Tin  75  percent — alloyed  with  copper,  zinc,  lead  and 
antimony. 

3 — Tin  60  percent,  zinc  35  percent — alloyed  witli  copper 
and  aluminum. 

The  percentages  given  are  not  fixed,  as  they  may 
be  varied  to  suit  conditions.  They  will,  however, 
serve  as  examples  of  the  approximate  amounts  of  tin 
and  zinc  used  for  ordinary  purposes.  The  first  alloy 
makes  a  ven,-  desirable  casting  for  numerous  classes 
of  work.  It  is  somewhat  brittle,  resembling  cast  iron 
in  this  respect,  and  is  generally  used  fo*-  parts  not 
subject  to  sudden  shocks  or  strains.  On  account  of 
the  large  proportion  of  zinc,  it  makes  a  cheaper  die- 
casting  alloy  than  one  with  a  tin  base  ;  it  is  also  lighter 
and,   for  these  reasons,  is  preferable  in  many  cases. 


The  second  alloy,  composed  largely  of  tin,  is  the  most 
expensive  of  the  three.  The  low  temperature  at 
which  this  alloy  can  be  worked  makes  it  desirable  for 
castings  that  are  difficult  to  mould,  since  the  metal 
flows  more  freely.  On  work  where  the  minimum 
amount  of  shrinkage  is  desired,  where  sharp  outlines 
are  required,  or  where  corners  are  important,  an  alloy 
of  this  kind  will  give  good  results.  The  addition  of 
antimony  increases  the  fluidity  of  the  metal  in  its 
molten  state.  The  third  alloy  is  a  combination  of  the 
other  two.  The  mixture  of  tin  and  zinc  has  an  ad- 
vantage over  the  first  alloy,  in  that  tin  is  more  ductile 
than  zinc,  so  that  where  parts  must  withstand  sudden 
shocks  or  have  slender  parts  that  are  apt  to  break, 
an  alloy  of  this  nature  is  advantageous.  Another  fea- 
ture is  that  tin  alloys  can  be  polished,  remaining  bright 
for  some  time  without  being  lacquered,  while  zinc  al- 
loys tarnish  very  readily. 

A  mixture,  consisting  principally  of  lead,  often 
stiffened  with  a  little  antimony,  is  generally  used  for 
parts  having  little  or  no  actual  work  to  perform,  such 
as  novelties,  ornaments,  souvenirs,  trays  or  children's 
toys.  There  is  but  little  strength  to  this  alloy,  and 
it  is  used  simply  on  account  of  its  low  cost. 

COMPARISON    OF    COSTS 

The  saving  in  cost  with  die-cast  parts  over  those 
made  under  the  old  method  of  casting  in  sand  moulds, 
depends  largely  upon  the  shape  of  the  piece  and  the 
amount  of  machining  that  can  be  eliminated  by  having 
holes  and  finished  surfaces  cast  to  size.  Dies  can  be 
so  made  that  the  cast  parts  are  smooth  and  uniform, 
within  a  fraction  of  a  thousandth  of  an  inch  of  the 
size  desired,  while  castings  from  sand  moulds  are  far 
remn\ed  from  this  degree  of  accuracy. 

The  initial  cost,  that  of  making  the  die,  is  an  im- 
[lortant  factor.  Comparative  cost  curves  for  various 
lots  on  a  part  cast  of  brass  in  a  sand  mould,  and  the 
same  part  when  die  cast,  are  shown  in  Fig.  I.  The 
former  cost  was  20  cents  each,  while  the  cost  of  die 
castings  was  10  cents  each,  a  saving  of  50  percent; 
however,  to  effect  this  saving,  it  was  necessary  to  make 
dies  at  an  expense  of  $200.  The  solid  line  shows  the 
cost  of  various  lots  when  die-cast,  distributing  the 
die  cost  over  the  number  of  pieces  made.  The  dotted 
line  shows  the  costs  of  various  lots  when  made  in 
sand  moulds.  No  tools  or  patterns  are  included  in 
the  latter,  as  these  had  been  made  before  the  part 
was  changed  over  to  die  casting;  but,  when  compari- 
sons are  made  on  new  w-ork,  the  tools  required  in 
both  cases  should  be  considered,  and  in  some  instances 
the  tools  and  fixtures  required  when  cast  in  sand  will 
offset  the  cost  of  dies. 


no 


THE  ELECTRIC  JOURNAL 


In  llie  curves  referred  to,  the  lines  intersect  at 
2  ooo  pieces,  thus  showing  that  no  saving  is  effected 
in  this  particular  instance  by  die  casting  until  2  ooo 
pieces  have  been  made.  This  figure  will  vary  with  the 
class  of  work;  but,  in  general,  on  account  of  the  high 
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FIG.   I — COMPARISON   OF   SAND   MOULDING    AND    DIF.   CASTING    COSTS 

cost  of  tools,  die  casting  cannot  be  considered  except 

where  the  (|uantity  to  be  [iroduced  is  fairly  large. 

To  illustrate  the  advantage  of  die-casting  from  the 

manufacturing  standpoint,  a  small  motor  bracket  with 

bronze  bearing  insert,  is  shown  in  Fig.  2.    Unless  die 

cast,  the  bracket  would  be  of  cast  iron,  in  which  case 

the  following  operations  would  be  necessary : — 

I — Mould. 

2 — Grind  and  clean. 

3 — Turn,  face  and  bore. 

4 — Drill  bolt  and  oil  holes. 

S — Drill  and  ream  for  brush  holder. 

6 — Press  in  bearing. 

When  die-cast,  however,  the    operations    reduce 
to:— 

1— Moidd. 

2 — Clean  and  remove  fins. 

3 — Ream  holes  when  necessary. 

All  of  the  operations  combined  on  tlic  die-cast 

part  take  but  little  more  time  than  the  first  operation 

when  the  bracket  is  made  from  cast  iron,  resulting  in 

a  large  saving  in  the  labor  cost.     Another  important 


FIG.    2 — AN    EXAMPLE    OF    DIE    CASTING 

factor  when  manufacturing  is  done  on  a  large  scale, 
is  that  the  machine  tool  equipment  required  is  consid- 
erably less  where  die-cast  parts  are  used.  Also  the 
time  for  casting  a  complicated  piece  is  very  little  longer 
than  that  necessary  for  a  simple  one  and,  for  this  rea- 


son, pieces  that  rctiuire  a  great  amount  of  machining 
or  are  difficult  to  make,  will  show  the  greatest  saving 
when  die-cast. 

In  the  making  of  die  castings,  there  is  no  scrap 
to  be  figured  for  chips  nor  allowance  for  machining, 
as  castings  are  finished  complete  when  they  come 
from  the  die.  Any  scrap  occurring  from  fins  or  sink- 
heads  can  readily  be  melted  over  and  used  again  as 
new  material. 

DIES  AND  THEIR  CONSTRUCTIO.N' 

The  moulds,  if  properly  made,  will  not  wear  out 
until  a  large  number  of  castings  have  been  made. 
Many  moulds  are  intricate  in  design  and  require  ex- 
ceptional skill  on  the  part  of  the  tool-maker.  They 
should  be  so  constructed  as  to  allow  the  mould  to  be 
parted  and  the  casting  removed  in  the  quickest  and 
easiest  way.     Unlike  castings  with  cored  holes  made 


i-rf^i d 


tlLJ 

A 


FIG.   3 — DIAGRAM    INDICATING   THE   CONSTRUCTION   AND   OPERATION 
OF  A   DIE   USED   IN   THE   CASTING   OF    HEXAGONAL   NUTS 

from  sand  moulds,  the  cores  in  which  break  up  and 
fall  from  the  casting  as  sand,  moulds  for  die-casting 
must  bu  made  so  that  the  cores  or  mandrels  which 
form  part  of  the  die  can  easily  be  withdrawn.  Holes 
at  an  angle  often  necessitate  a  complicated  die,  and 
in  some  cases,  the  pins  which  act  as  cores  to  form  the 
holes,  must  be  withdrawn  before  the  mould  can  be 
parted.  Suitable  means  must  also  be  supplied  so 
that  cores  can  be  ejected  without  deforming  the  cast- 
ing. The  mould  must  furthermore  be  so  designed 
that  the  metal  will  fiow  to  all  parts,  and  at  the  same 
time  allow  the  air  to  escape.  If  not  released,  air  will 
prevent  the  metal  from  filling  the  mould,  and  thus  the 
casting  will  not  be  solid  owing  to  blow  holes  caused 
by  the  air  pockets.  Small  grooves  are  machined  in 
the  partings  of  the  die  to  allow  the  air  to  escape. 
Sometimes   the   parting  itself   is  depended   upon    for 
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this ;  however,  partings  which  do  not  fit  closely  and 
have  too  much  air  space,  permit  fins  or  ridges  to  form 
on  the  casting,  and  filing  or  grinding  is  necessary, 
which  adds  to  the  cost.  Since  the  die  is  parted  to  re- 
move the  casting,  it  is  equally  necessary  for  it  to  close 
in  correct  alignment,  and  remain  in  place  while  the 
metal  is  forced  in,  so  as  to  prevent  rough  castings  due 
to  ofi"-sets  in  the  mould.  The  lining  up  of  the  upper 
and  lower  halves  of  the  die  is  generally  accomplished 
by  dowel  or  guide  pins. 

A  simply  constructed  die  used  for  casting  hexa- 
gonal nuts  is  shown  in  Fig.  3.  The  frame  for  the 
upper  half  B  is  made  of  cast  iron;  C,  the  lower  half, 
is  clamped  to  the  die-casting  machine  and  forms  the 
top  of  the  nut,  also  the  bevel.  The  pin  D  acts  as  a 
core  to  form  the  hole.     The  pin  F  serves  as  a  guide, 


KIG.    4 — .\   TYPICAL    HAND-OPERATED   DIE    CASTING    MACHINE 

insuring  perfect  alignment  of  the  upper  and  lower 
parts.  After  assembling  the  die,  the  metal  is  forced 
through  the  opening  F  and  around  the  threaded  core 
G.  The  surplus  metal  which  forms  the  gate  or  sprue, 
is  cut  off  by  a  square  rod  or  sprue  cutter  forced 
through  the  opening  F,  w-hile  the  metal  is  still  in  the 
molten  state.  The  die  is  then  parted,  and  by  revolv- 
ing the  handle  H,  the  mandrel  G  is  turned  (through 
the  medium  of  the  bevel  gears  /),  relieving  the  nut 
which  drops  from  the  mould.  (The  insert  A  sliows  a 
sketch  of  the  nut  to  be  cast.) 

When  making  dies,  especially  for  parts  whe^'e 
accurate  dimensions  are  necessary,  the  question  of  al- 
lowance for  shrinkage  is  a  difficult  one  and  varies 
with  the  different  mixtures  of  metals ;  it  is  not  un- 
common to  change  parts  in  dies  two  or  three  tinies 


in  order  to  obtain  castings  that  check  to  the  correct 
dimensions.  The  heat  of  the  alloy  causes  the  dies  to 
change  their  size  by  expansion  and  contraction,  and, 
if  the  dies  are  not  maintained  at  an  even  tempera- 
ture, the  castings  are  not  likely  to  be  uniform.  This, 
hoW'Cver,  is  a  matter  of  minor  importance  with  most 
castings,  and  it  is  only  when  accurate  dimensions  are 
desired  that  these  precautions  must  be  taken. 

DIE  MOULDING  MACHINES 

Die  moulding  machines  may  be  divided  into  three 
classes : — automatic,  semi-automatic  and  hand-opera- 
ted. While  the  types  vary  considerably  in  mechanical 
construction,  the  fundamental  principle  upon  which 
they  all  operate  is  the  same.  The  process  through 
which  the  metal  goes  is  practically  the  same  in  all 
machines;  that  is,  after  being  heated  in  the  melting 
pot,  it  is  forced  into  the  die  by  means  of  a  cylinder 
and  piston. 

The  machine  shown  in  Fig.  4  is  hand-operated. 
The  furnace  A,  which  stores  the  heat  for  melting 
the  metal,  is  brick  lined,  and  in  it  is  set  a  receptacle 
or  melting  pot  B  for  holding  the  alloy,  which  is  heated 
by  gas  burners  C.     After  the  alloy  has  been  heated 


FIG.   5 — EXAMPLES  INDICATING  THE  VARIETY  OF   SHAPES   AND  THE 
ACCURACY  OF  DETAIL   POSSIBLE   IN    DIE   CASTINGS 

to  a  temperature  where  it  can  easily  be  worked,  the 
lever  D  is  quickly  brought  down,  thereby  creating  the 
pressure  on  the  piston  G  necessary  to  force  the  metal 
rapidly  into  the  die  through  the  channel  H.  \A'hen 
the  mould  is  filled,  the  surplus  metal  is  cut  oft'  and 
forced  back  into  the  pot  by  the  sprue  cutter  /.  The 
clamps  which  hold  the  upper  half  of  the  machine  firm 
are  then  released,  and  the  part  holding  the  die  swung 
back  on  the  hinge  /,  resting  on  the  support  K;  the 
die  is  then  parted  by  the  lever  L  and  the  casting  re- 
moved. 

Molten  metal  coming  in  contact  with  the  dies 
causes  them  to  become  very  hot,  and  in  order  to  over- 
come this  heat  the  plate  upon  wdiich  the  die  is  clamped 
is  cooled  by  a  continual  stream  of  cold  water  passing 
through  the  cored  hole  ^L 

The  operating  of  this  type  of  die-casting  ma- 
chine is  very  simple ;  still  it  often  requires  consider- 
able experimenting  on  the  part  of  the  operator  to  ob- 
tain the  desired  results  in  making  a  good  casting. 
For  some  classes  of  work,  it  is  necessary  to  operate 
quickly  the  lever  that  forces  the  metal  in  the  die  and 
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in  other  cases  better  results  are  obtained  by  a  slower 
movement  of  the  lever.  This  is  all  determined  by- 
experiments.  The  variation  is  due  to  the  different 
shapes,  the  inserts  used  and  the  volume  of  metal  cast. 
A  trial  casting  is  usually  made  and  broken  up  to 
determine  if  it  is  free  from  blow  holes.  When  one 
that  is  satisfactory  is  obtained,  parts  are  weighed  and 
future  castings  must  equal  this  weight  to  be  consid- 
ered perfect. 

POSSIBILITIES   OF   DIE   CASTING 

The  making  of  die  castings  has  done  a  great  deal 
to  facilitate  the  work  of  designers  and  manufacturers. 
Through  this  process  parts  can  be  designed  and  made 
that  would  be  impossible  to  manufacture  in  any  other 
way.  A  number  of  die-cast  parts  are  shown  in  Fig. 
5.  C  is  an  internal  gear  and  bearing  as  part  of  the 
casting;  H  an  internal  and  external  gear;  D.  E  and 


G,  parts  with  steel  inserts  in  places  where  the  alloy 
used  is  not  desirable.  The  inserts  are  set  in  the  dies 
before  the  metal  is  forced  in,  in  the  same  way  that 
cores  are  placed  in  a  sand  mould.  The  shrinkage  of  the 
metal  when  cooled  helps  materially  to  keep  the  in- 
serts in  place.  B,  owing  to  its  irregular  shape,  re- 
quires a  die  made  in  a  number  of  parts,  so  that  the 
casting  can  easily  be  removed  without  distortion. 
This  part  also  has  ten  holes  formed  at  angles,  thus 
showing  the  wide  range  of  work  that  can  be  cast  in 
metal  moulds.  All  of  the  preceding  parts  are  cast  in 
less  than  a  minute  each;  and,  to  produce  them  in  any 
other  way,  it  would  be  necessary  to  change  the  design 
or  assemble  them  from  a  number  of  detail  parts,  in 
which  event  the  cost  would  probably  be  prohibitive. 

The  field  for  die  casting  is  large,  and  designers  and 
engineers  are  rapidly  taking  cognizance  of  this  fact 
as  a  means  of  producing  apparatus  at  the  least  cost. 


Electric  Vehicle  Motors 

T.  H.  ScHOF.PF  and  .^.  L.  Broom  all 

THE  ELECTRIC  VEHICLE  is  dependent  for  its  propulsion  upon:  l— The  electric  storage  battery 
or  supply  of  energy;  2—The  electrical  transmission,  controller,  leads,  etc.;  3— The  motor  or  the  means  oi 
transformmg  the  electrical  energy  into  mechanical  energy ;  4~the  transmission  system  or  mechanical 
tram  for  transmittmg  energy  from  the  motor  to  the  wheels.  All  four  of  these  parts  must  function  prop- 
erly if  the  car  is  to  operate  satisfactorily.  The  following  article  is  limited  to  a  discussion  of  the  electric 
motor. 


THE  SERVICE  requirements  of  electric  vehicles 
divide  them  into  two  classes, — passenger  cars 
and  commercial  trucks.  The  characteristics  of 
the  motors  for  the  two  classes  of  service  are  quite  sim- 
ilar, as  they  must  be  capable  of  driving  the  car  through 
mud  or  snow  and  up  any  grades  encountered  in  ordi- 
nary highways.  Thus  the  motor  must  have  sufficient 
capacity  to  drive  the  car  against  heavy  overloads  for 
considerable  periods  without  injurious  results. 

In  order  to  design  a  motor  for  a  given  service, 
it  is  necessary  to  be  informed  as  to  three  fundamen- 
tals:— I — The  voltage  of  the  supply  circuit;  2— the 
horse-power  which  it  must  develop;  3— the  speed  at 
which  it  must  rotate  when  operating  at  the  specified 
voltage  and  developing  the  specified  horse-power.  The 
voltage  impressed  on  the  motor  terminals  will  be  the 


from  test  or  empirical  data,  the  horse-power  may  be 
calculated.  The  speed  of  the  motor  will  depend  upon 
the  gear  reduction  permissible  with  the  type  of  trans- 
mission used.  Normally  motor  speeds  range  from  900 
to  2  000  r.p.m.  for  passenger  cars,  and  from  750  to 
I  500  r.p.m.  for  commercial  trucks. 

The  voltage,  horse-power  and  speed  of  the  motor 
being  determined,  it  is  necessary  to  decide  on  the  ap- 
proximate efficiency  at  which  the  motor  is  to  operate. 
Usually  the  efficiency  of  the  motor  varies  from  85  to 
90  percent  at  full  continuous  load,  and  from  75  to 
85  percent  at  three  times  full  continuous  load.  It  is 
interesting  to  compare  the  efficiency  of  the  motor  with 
the  efficiency  of  other  parts  of  the  car  equipment.  The 
energy  efficiency  of  the  battery  varies  from  50  to  65 
percent,  depending  upon  the  type.     The  efficiency  of 


voltage  of  the  batterj',  less  the  drop  in  voltage  due  to  the  electrical  transmission  varies  from  95  to  98  per 

the  resistance  of  the  controller  contacts  and  wiring,  cent.     The  efficiency  of  the  mechanical  transmission 

For  commercial  trucks,  the  usual  average  voltage  at  varies    from  80   to  98   percent,   depending   upon   the 
the    terminals  of    the    battery  ranges    from  48  to  80 


volts.  It  is  dependent  upon  the  rate  at  which  the  bat- 
tery is  discharged  an-^  the  frequency  with  which  it  is 
charged;  all  of  which  is  dependent  ultimately  upon 
the  available  space  in  which  the  battery  may  be  in- 
stalled and  the  local  conditions  for  economical  charg- 
ing. The  drop  in  voltage  due  to  the  controller  con- 
tacts and  wiring  should  be  made  as  small  as  possible, 
in  order  to  reduce  energy  losses.  The  horse-power 
required  to  drive  the  car  is  dependent  upon  the  total 
weight  of  the  vehicle,  including  the  load  and  driver, 
the  rolling  resistance  (friction,  grade  and  windage) 
and  the  speed.    These  factors  having  been  determined 


type  of  drive,  the  alignment,  the  conditions  of  the 
parts  and  the  lubricants  used.  The  average  total  effi- 
ciency throughout  the  life  of  the  car,  including  vehi- 
cle windage,  is  50  percent.  By  increasing  the  cost  of 
the  motor,  the  efficiency  may  be  increased  beyond  the 
values  mentioned,  but  they  are  now  as  high  as  engi- 
neering economy  permits. 

The  motors  used  on  electrical  vehicles  are,  in 
nearly  all  cases,  of  the  series  field  type,  the  same  as 
railway  motors.  The  series  characteristic  enables  the 
motors  to  develop  many  times  full-load  torque  without 
requiring  the  same  proportional  current  output  from 
the  battery^  as  does  a  shunt  or  compound  motor.     Its 
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characteristics  are  such  that  it  enjoys  an  advantage, 
when  compared  with  a  constant  speed  electric  motor 
or  a  gasoline  engine,  which  has  nearly  a  constant 
speed  for  all  loads,  in  that  a  mechanical  gear-changing 
set  is  unnecessary  to  obtain  changes  in  speed.  This 
permits  extreme  simplicity  of  control. 


FIG.    I — CHARACTERISTIC   CURVES   OF   AN   8o   VOLT,    HIGH-SPEED 
SATURATED   VEHICLE    MOTOR 

Solid    lines — fields    in    parallel.      Dotted    lines — fields    in 
series. 

The  field  coils  are  grouped  in  pairs,  so  that  they 
may  be  connected  all  in  series  or  in  series-parallel. 
This  serves  the  same  purpose  as  a  mechanical  gear- 
changing  set  but  is  more  economical.  For  normal  op- 
eration the  fields  are  grouped  in  series  parallel ;  the 
principal  advantages  of  grouping  them  all  in  series 
being  to  secure  greater  economy  in  accelerating  and 
to  provide  an  efficient  low  running  speed. 

Vehicle  motors  of  the  series  type  may  be  sub- 
divided further,  according  to  the  relation  of  the  speed 


FIG.   2— CHARACTERISTIC   CURVES   OF   AN    8o   VOLT,    HIGH-SPEED 
UNSATURATED   VEHICLE    MOTOR 

Solid    lines— fields    in    parallel.      Dotted    lines— fields    in 
series. 

and  torque  at  full  load  to  that  at  heavy  loads — i.  c., 
they  may  be  classed  as  magnetically  saturated,  or 
magnetically  unsaturated.  The  magnetically  saturated 
motor  has  a  relatively  small  increase  in  torque  and 
small  decrease  in  speed  with  an  increase  in  load.   The 


magnetically  unsaturated  motor  has  a  relatively  large 
increase  in  torque  and  a  large  decrease  in  speed  with 
increase  in  load.  There  is  no  distinct  line  of  demar- 
cation between  the  two  classes,  but  it  is  generally  ac- 
cepted that  a  motor  which  has  a  torque  ratio  (the 
ratio  of  the  torque  at  250  percent  full  load  to  the 
torque  at  full  load),  greater  than  four-to-one  is  a 
magnetically  unsaturated  motor.  In  comparing  mo- 
tors, it  is  also  often  desirable  to  compare  their  speed 
ratios  (defined  as  the  ratio  of  the  speed  at  250  per- 
cent load  to  the  speed  at  full  load).  Fig.  i  shows 
the  operating  characteristics  of  a  motor  of  the  mag- 
netically saturated  type;  the  torque  ratio  is  3-7  :i  and 
the  speed  ratio  is  0.68:1.  Fig.  2  shows  the  operating 
characteristics  of  a  motor  of  the  magnetically  unsat- 
urated type,  the  torque  ratio  being  5.7:1  and  the  speed 
ratio  is  0.50:1.  On  passenger  cars,  the  magnetically 
saturated  motor  is  mostly  used,  as  it  enables  the  cars 
to  climb  hills  at  higher  speeds  than  where  the  mag- 
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FIG.    3 — COMPARISON    OF    SATURATED    AND    UNSATURATED 
VEHICLE    MOTORS 

Dotted   lines — saturated    motor.      Full    lines — unsaturated 
motor. 

netically  unsaturated  motor  is  used.  This  may  V)e 
seen  by  referring  to  Fig.  3,  which  shows  the  compari- 
son of  the  speed  and  torque  curves  of  the  motors  whose 
characteristics  are  shown  in  Figs,  i  and  2.  This  curve 
shows  that  when  the  two  motors  are  developing  the 
same  torque  at  loads  greater  tiian  full  load,  the  speed 
of  the  saturated  motor  is  higlier  than  the  speed  of 
the  unsaturated  motor.  However,  this  curve  also 
shows  that  the  saturated  motor,  when  developing  high 
torques,  as  in  climbing  hills,  draws  more  current  from 
the  battery.  Due  to  the  battery  characteristics,  the 
operation  is,  therefore,  less  efficient  than  where  the 
unsaturated  motor  is  used,  but  the  average  driver  of 
a  passenger  car  considers  the  cost  of  energy  secondary 
to  high  uniform  speeds.  Since  the  object  of  using  the 
saturated  motor  is  to  obtain  high  speed  when  cHmbing 
hills,  the  characteristics  of  the  batter)'  should  be  such 
that  the  increase  in  current  does  not  reduce  the  voltage 
to  an  extent  such  as  to  defeat  the  purpose  of  the  satu- 
rated motor. 
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On  commercial  trucks,  the  magnetically  unsatura- 
ted motor  is  used  mostly,  as  the  operation  must  be 
reliable  and  efficient,  whereas  uniform  running  speed 
is  not  so  important.  The  operating  characteristics 
of  a  high  speed  and  of  a  low  speed  motor  for  passen- 


FIG.    4 — CHARACTERISTIC   CURVES    OF    AN    8o    VOLT,    LOW-SPEED 
SATURATED    VEUfCLK    MOTOR 

Solid    lines — fields    in    parallel.      Dotted    lines — fields    in 
series. 

ger  cars  may  be  compared  by  the  curves  in  Figs,  i 
and  4.  Both  of  these  motors  have  low  torque  ratios. 
Figs.  2  and  5  show  the  operating  characteristics  of 
high-speed  and  low-speed  motors  for  commercial 
trucks.  Both  of  these  motors  have  high  torque  ratios. 
The  mechanical  construction  of  a  vehicle  motor 
must  be  as  rugged  as  possible,  and  at  the  same  time 
it  must  be  light  in  weight.  The  enormous  torques — 
often   ten   times   normal — which    must   be  developed. 


FIG.    5 — CHARACTERISTIC    CURVES    OF    AN    8o   VOLT,    LOW-SPEED 
UNSATURATED  VEHICLE    MOTOR 

Solid    lines — fields    in    parallel.      Dotted    lines — fields    in 
series. 

call  for  very  liberal  design  of  shafts  and  bearings. 
A  typical  vehicle  motor  with  commutator  cover  re- 
moved to  show  the  brush-holders  and  commutators, 
is  given  in  Fig.  6,  and  Fig.  7  shows  a  section  through 
the  motor.    Large  openings  are  provided  so  that  com- 


mutator and  bruih-holders  may  be  inspected  readily. 
Ball  bearings  are  used  so  that  reliable  and  efficient 
operation  are  secured  with  little  attention.  The  lubri- 
cant should  be  one  of  many  greases  approved  by  the 
ball  bearing  manufacturers.     The  ball  bearing  cham- 


Ft(j.    (j — A    TVriCAL    WESTINGIIOUSE    VEHICLE     MOTOR 

With    commutator    cover    removed    to    show    tlie    brush- 
holders  and  commutator. 

bers  are  made  so  that  they  will  retain  the  grease 
around  the  bearing  for  several  months  and  thus  the 
cost  of  lubricating  is  practically  nothing.  The  hous- 
ings are  drilled  and  tapped  so  as  to  receive  standard 
compression  grease  cups,  special  means  being  em- 
ployed to  protect  the  inside  of  the  motor  from  grease 
from  the  bearings.  The  brush-holder.s  are  designed 
so  that  the  carbons  will  exert  a  uniform  pressure  on 
commutator  throughout  the  life  of  the  carbon.  In 
fact,  all  ])arts  of  the  modern  electric  vehicle  motor 
are  designed  so  that  the  motor  may  operate  for  long 
periods  without  inspection  or  attention  of  any  kind. 

In  order  that  the  motors  may  be  produced  cheap- 
ly, dclixered  promptly  and  be  of  uniformly  good  qual- 
ity it  is  necessary  that  the  manufacturer  work  to  stan- 
dards of  shape,  voltage  and  speed.  It  involves  con- 
siderable   expense   and    takes  much  time  to  change   a 


FIG.    7 — SECTIO.VAL    VIi;W    OF   VEHICLE    MOTOR    OF    THE    TYPE 
SHOWN    IN    FIG.  6 


Standard  fratne  so  as  to  add  feet,  lugs,  brackets,  pads, 
eic,  for  special  mounting,  and  these  changes  especially 
should  be  avoided.  Therefore  it  is  to  the  best  inter- 
ests of  all  that  demands  for  diversified  characteristics 
be  eliminated  and  standards  be  adopted. 


The  Engineering  Evolution  of  Electrical 

Apparatus — XI 

THE  DEVELOPMENT  OF  THE  DIRECT-CURRENT  GENERATOR  IN  AMERICA— (Cont.) 

B.  G.  Lamme 

Chief  Engineer, 
Westinghouse  Electric  &  Mfg.  Company 


FIELD    POLES   AND    WINDINGS 

C)n  tlie  subject  of  field  poles  and  field  windings, 
something  may  be  said,  because  this  part  of  the  direct- 
current  machine  underwent  many  modifications  in 
type,  materials,  etc.  In  the  early  bi-polar  machines  al- 
ready described,  the  pole  pieces  and  poles  varied  with 
the  different,  types.  The  Edison  and  T-H  construc- 
tions used  wrought  iron  or  cast  steel  in  both  the  poles 
and  yoke,  as  far  as  the  writer  knows.  The  field  cores 
in  the  Short  machines  were  of  wrought  iron  or  cast 
steel,  and  presumably  similar  material  was  used  in  the 
pole  pieces.  All  these  machines  had  cylindrical  mag- 
net cores  with  cylindrical  field  coils  surrounding  them. 
The  United  States  (Westinghouse)  bi-polar  machine 
had  cast  iron  fields  throughout.  The  magnet  cores 
were  oval  in  shape  instead  of  circular. 

When  the  multipolar  generators  came  in,  various 
constructions  of  poles  and  pole  pieces  were  used  by 
different  manufacturers.  The  Westinghouse  Co'ii- 
pany  used  poles  of  rectangular  shape,  of  laminated 
steel,  which  were  cast  into  the  yoke.  The  field  coils 
were  of  rectangular  shape  and  were  slipped  over  the 
poles  from  the  air-gap  end.  The  rectangular  shape  of 
magnet  core  and  the  laminated  construction  has  been 
retained  throughout  by  the  Westinghouse  Company 
in  their  multipolar  generators,  except  in  some  early, 
relatively  small  capacity  belted  and  engine-type  gen- 
erators, in  which  cast-iron  poles  were  cast  integral 
with  the  yoke.    These  also  were  rectangular  in  shape. 

]\Iany  of  the  other  manufacturing  companies,  in 
their  early  multipolar  machines,  used  wrought  iron 
and  steel  very  extensively  in  the  magnet  cores  and  pole 
pieces  and,  in  some  cases,  in  the  yoke.  Frequently  the 
magnet  cores  were  made  cylindrical,  while  the  pole 
pieces  or  caps  were  rectangular.  The  theory  was  that 
the  cylindrical  core  was  the  most  economical  shape  for 
both  iron  and  copper.  This,  of  course,  was  true  where 
the  armature  diameter  was  the  limiting  dimension  in 
the  machine  and  where,  in  consequence,  there  was 
plenty  of  field  space  for  use  of  the  cylindrical  poles. 
For  a  given  section  of  field  iron,  obviously  the  cylin- 
drical type  of  core  and  winding  required  more  room 
circumferentially  around  the  armature,  than  rec- 
tangular poles  of  equivalent  section. 

The  solid  pole  face  was  not  very  objectionable  on 


slot,  as  this  allowed  considerable  increase  in  capacity 
for  a  given  armature  diameter,  and  also  the  wider 
slot  permitted  better  commutating  conditions.  Also, 
especially  in  engine-type  machines  with  many  poles, 
the  design  tended  towards  smaller  air-gaps.  Conse- 
quently, conditions  were  soon  reached  where  there  was 
considerable  "bunching"  of  the  magnetic  flux  in  the 
pole  faces,  due  to  the  relatively  wide  armature  slots. 
This  meant  loss  and  heating  in  solid  pole  faces,  espe- 
cially under  flux  distortion  with  load.  With  laminated 
poles,  this  heating  was  apparently  very  small,  but 
with  solid  poles  it  was  sometimes  excessive — so  much 
so  that,  in  some  cases,  the  manufacturers  of  machines 
with  such  solid  pole  tips  would  turn  circumferential 
grooves  in  the  pole  faces  to  "semi-laminate"  them.  In 
some  cases,  solid  magnet  cores  were  used  with  lami- 
nated pole  tips.  The  Bullock  Company,  like  the  West- 
inghouse, used  laminated  poles,  but  its  successor,  the 
Allis-Chalmers  Company,  adopted  solid  poles  in  some 
of  its  large  machines,  but  eventually  returned  to  the 
laminated  construction.  The  T-H  Company  and  later 
the  G.  E.  Company  used  solid  poles  and  pole  tips  for 
many  vears.  In  many  cases,  however  their  magnet 
cores  were  rectangular  in  shape  just  as  in  present 
practice.  Unlike  the  early  W^estinghouse  machines, 
the  G.  E.  poles  were  bolted  to  the  yoke  which  was 
sometimes  of  cast  steel  and  at  other  times  of  cast  iron, 
while  the  early  Westinghouse  poles  were  laminated 
and  cast  into  the  yoke,  as  already  described,  the  yoke 
being  cast  iron.  Thus,  both  constructions  contained 
some  of  the  elements  of  present  standard  practice, 
which  embodies  laminated  poles  of  rectangular  sec- 
tion, bolted  to  either  cast  iron   or  cast  steel  yokes. 

In  the  earlier  generators,  the  Crocker-Wheeler 
Company  used  cylindrical  poles  with  solid  pole  tips, 
but  with  somewhat  larger  air-gap  than  used  by  other 
manufacturers,  thus  avoiding,  to  a  considerable  ex- 
tent, any  undue  losses  in  the  pole  faces. 

Field  Windings — The  construction  of  field  wind- 
ings is  so  closely  related  to  that  of  the  pole  pieces  that 
a  brief  account  of  their  development  may  be  given  at 
this  point.  Practically  all  the  early  field  coils  were 
wound  in  metal  bobbins  or  shells.  They  were  usually 
very  heavily  insulated,  both  inside  and  outside.  The 
metal  shells  were  first  lined  with  paper  or  other  insu- 
lation to  a  considerable  thickness ;  the  wire  was  then 


the  early  machines,  especially  where  the  air-gaps  were  wound  in,  usually  with  much  paper  or  cloth  between 

large,  and  the  armature  slots  were  relatively  narrow,  the  layers,  and  then  the  outside  surface  was  covered 

However,  the  tendency  of  design  was  towanl  wider  possibly  }i   in.  deep  with  a  finishing  layer  of  rope. 

armature  slots  with  several  bars  side  bv  side  in  each  The  whole  construction  was  a  most  excellent  one  for 
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keeping  in  tlu-  heat.  1 1  a  cuil  ran  too  hot,  more  cop- 
per and  insulation  were  added,  instead  of  improving 
the  heat  dissipating  and  ventilating  conditions.  Nat- 
urally, in  following  such  lines,  the  held  coils  event- 
ually became  very  massive.  Shunt  field  coils  on  rail- 
way generators  were  not  infrequently  four  or  five 
inches  deep.  When  one  of  these  coils  roasted  out 
it  was  usually  found  that  tlu-  first  half  inch  of  wire 
next  to  any  heat-dissipating  surfaces  was  usually  in 
fair  condition,  while  deeper  in  the  winding  was  pro- 
gressively worse.  To  overcome  this,  in  some  cases 
the  field  coils  were  made  in  two  concentric  parts  with 
a  narrow  space  between.  This  was  the  first  step 
towards  improving  the  ventilation. 

In  the  construction  of  the  early  field  coils,  the 
writer  objected  often,  and  strenuously,  to  the  enor- 
mous amount  of  insulation  embedded  between  layers 
in  such  coils,  and  also  to  the  great  depth  of  insulation 
in  the  metal  shells.  This  great  depth  in  the  shells  was 
due  largely  to  the  fact  that  the  various  parts  of  the 
insulation  were  "butted"  instead  of  being  overlajiped, 
so  that  great  thickness  was  required  to  give  sutiicient 
creepage  distance.  One  early  improvement  was  in 
the  use  of  overlaiiped  insulation  at  the  joints,  which 
allowed  a  great  reduction  in  thickness.  Also,  the  in- 
troduction of  coils  without  metal  shells,  which  fol- 
lowed from  the  use  of  similar  coils  by  the  Westing- 
house  Company  in  railway  motors,  allowed  the  out- 
side surfaces  to  be  insulated  after  the  coil  was  com- 
pleted. This  was  another  step  in  the  direction  of  re- 
duced insulation,  for  this  type  of  coil  could  be  insu- 
lated more  satisfactorily  and  with  less  danger  of  bad 
joints,  than  when  the  shells  were  used.  But  still  enor- 
mous quantities  of  insulation  were  used  between  lay- 
ers. The  writer  arranged  a  "horrible  example"  of 
this  one  day  when  tearing  down  a  large  field  coil.  The 
insulation  between  layers  was  carefully  piled  up  as  the 
coil  was  unwound,  until,  at  the  finish,  the  pile  of  in- 
sulation from  the  inside  of  the  coil  was  several  times 
larger  than  the  original  coil,  due  of  course  to  being 
loosely  piled.  But  it  was  hardly  believable  to  the  ob- 
server, that  all  that  "stuff"  came  from  the  inside  of 
the  ct)il.  Gradually,  however,  it  was  found  that  much 
of  this  internal  insulation  could  be  omitted.  Its  only 
use  originally  was  to  prevent  short-circuits  between 
layers  while  winding  the  coil,  as  the  wire  was  ham- 
mered pretty  hard  while  winding,  in  order  to  take 
out  the  "bulge." 

In  series  field  coils,  originally  the  Westinghouse 
Company  used  round  wire  for  the  winding,  and  as  the 
size  of  machines  increased,  two  or  more  wires,  or  two 
or  more  field  coils,  were  paralleled.  In  all  cases  the 
series  winding  was  placed  beside  the  shunt  winding, 
and  generally  next  the  yoke  in  the  earlier  machines. 
Later,  strap,  wound  flatwise,  was  used  in  some  cases ; 
but  about  1895  the  strap  on  edge  alternator  field  wind- 
ings was  developed,  and  almost  immediately  the  W'est- 
inghouse  Company  used  this  same  winding  for  series 


field  coils.  Incidentally,  it  may  be  mentioned  that  the 
writer  applied  for  a  patent  on  this  edge-wound  field 
coil  construction  but,  to  his  surprise,  found  that  it  had 
been  covered  by  a  patent  about  50  years  before,  in 
connection  with  electro-magnets. 

In  the  earlier  Thompson-Houston  (and  G. 
K.)  machines,  the  field  coils  were  wound  in  metal 
bobbins,  and  this  construction  was  retained  some- 
what longer  than  by  the  Westinghouse  Company.  In 
many  cases  the  series  winding  consisted  of  strap  or 
ribbon  wound  flatwise,  outside  the  shunt  winding. 
The  merits  of  this  construction,  compared  with  the 
strap-on-edge,  were  much  discussed,  but  apiiarently 
both  \\ere  sufticienlly  good  conslruclions  lor  those 
times. 

As  heat-conducting  and  radiating  conditions  and 
ventilation  became  better  understood,  the  outer  insu- 
lation on  the  coils  was  reduced  materially,  and  I're- 
cautions  were  taken  to  ventilate  the  lield  windings 
more  thoroughly,  ."^erich  w  indings  were  better  ex- 
posed to  the  air,  and  shunt  windings  were,  in  some 
cases,  sub-divided  in  order  to  increase  the  effective 
ventilating  surfaces.  .\\>i).  in  view  of  the  fact  that, 
with  heavy  deep  coils,  the  center  [)ortion  would  be 
roasted  out,  while  the  outside  part  would  be  compara- 
tively good,  practice  gradually  tended  toward  com- 
paratively shallow  coils,  arranged  for  good  air  circu- 
lation over  them.  In  series  coils  and  in  commutating- 
pole  windings,  where  comparatively  heavy  strap  or 
bar  conductors  are  used,  the  individual  turns  are  now 
separated  by  air  spaces  in  many  cases.  In  other 
words,  in  modern  design,  low^  temperatures  are  ob- 
tained not  by  piling  on  material,  but  by  improvements 
in  heat  dissipation. 

COMMUTATION 

The  problem  of  commutation  and  the  conditions 
wliich  influenced  it  were  of  paramount  importance  in 
the  early  days.  The  theory  of  commutation  was  un- 
derstood crudely,  and  the  conditions  which  gave  good 
commutation  were  more  or  less  appreciated.  It  was 
known  that  a  surface-wound  armature  should  commu- 
tate  better  than  the  slotted  type,  with  the  same  num- 
ber of  turns  per  commutated  coil,  and  with  the  same 
current  per  coil.  It  was  well  understood  that  embed- 
ding the  coil  in  the  slot  would  increase  the  self-induc- 
tion, and  thus  render  commutation  more  ditticult.  The 
advantages  of  the  slotted  construction  were  pretty  well 
appreciated  before  its  adoption,  but  everybody  feared 
the  commutation.  It  was  not  appreciated  that,  in  adopt- 
ing the  slotted  construction,  the  number  of  arma- 
ture turns  in  general,  and  the  number  of  turns  in  series 
per  coil  in  particular,  could  be  reduced  sufficiently  to^ 
overcome  the  inherently  higher  self-induction  of  the 
slotted  construction.  As  soon  as  the  slotted  construc- 
tion proved  practicable  in  large  machines,  a  new  era. 
began  in  the  commutating  problem.  Designers  studied 
and  anal3'zed  the  commutating  conditions  and  limita- 
tions much  more  closely  than  ever  before,  and  many 
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tests  were  made  solely  for  the  purpose  of  getting  com- 
TTii'tation  data.  In  this  study  it  was  soon  determined 
that  high  saturation  of  the  armature  teeth  was  bene- 
ficial in  maintaining  a  fixed  lead  at  the  brushes.  At 
that  time,  in  preparing  a  brief  written  analysis  of  com- 
mutating  conditions  in  slotted  machines  for  Mr.  Albert 
Schmid.  then  superintendent  of  the  W'estinghouse 
Company,  the  writer  showed  the  beneficial  effects  of 
high  armature  tooth  saturation  and  explained  the  rea- 
son whv  this  was  so,  as  well  as  the  theories  of  that 
time  would  permit,  and  he  furthermore  showed  that 
saturation  of  the  pole  face  in  general,  and  the  pole 
corners  or  edges  in  particular,  should  accomplish 
similar  results.  For  then  apparently  good  reasons  (but 
which  afterward  proved  to  be  entirely  wrong)  it  was 
decided  that  it  was  not  worth  while  trying  for  a  patent. 
A  year  later,  however,  Mr.  N.  W.  Storer  applied  for 
and  obtained  a  patent  covering  cutting  away  part  of 
the  laminations  in  the  field  pole  corners  in  order  to 
produce  high  saturation.  Mr.  Wm.  Cooper  (former- 
ly with  the  Bullock  Company,  and  afterward  with 
the  W'estinghouse  Company),  also  obtained  a  patent 
on  cutting  away  the  laminations  across  the  whole  pole 
face.  These  two  patents  led  into  certain  expensive 
lawsuits,  but  both  arrangements  were  considerably 
antedated  by  the  author's  written  analysis  referred 
to  above. 

The  advantages  of  a  "stiff"  field  in  preventing 
shifting  of  the  armature  neutral  point  was  known 
comparatively  early.  With  the  big  air-gaps  on  the 
surface-wound  machines,  there  was  not  much  diffi- 
culty in  getting  the  field  ampere-turns,  or  field  strength, 
much  higher  than  that  of  the  armature.  But  with 
the  adoption  of  the  slotted  armature  construction, 
there  was  an  immediate  tendency  toward  reduction  of 
the  air-gap  in  order  to  obtain  more  economical  de- 
signs. Experience  soon  indicated  that  it  was  much 
more  economical  to  obtain  a  "stiff"  field  by  saturating 
the  armature  teeth  or  the  field  pole  tips  or  pole  face, 
than  by  putting  the  excitation  in  the  air-gap  alone. 
Thus  saturation  in  the  path  of  the  armature  cross 
ampere-turns  soon  became  the  regular  practice.  Sat- 
urating the  armature  teeth  meant  more  slot  or  copper 
space,  but  meant  higher  iron  loosses.  Saturating  the 
pole  face  or  pole  corners  gave  much  lower  iron  losses, 
but  slightly  less  copper  space  and  copper.  However, 
in  general,  saturating  the  pole  corners  appeared  to 
give  better  all  around  results,  and  this  method  event- 
ually became  standard  practice  with  practically  all 
manufacturing  companies. 

Another  important  condition  in  the  problem  of 
commutation  was  the  armature  self-induction.  In  the 
early  days  much  was  talked  and  written  about  mutual 
induction  in  commutation.  After  the  advent  of  the 
slotted  construction  experience  soon  began  to  point 
out  that  the  important  factor  in  limiting  commutation 
was  the  self-induction  of  the  individual  coils,  rather 
than   their    mutual    induction.     Therefore,  slot    con- 


struction soon  tended  toward  lower  self-induction, 
that  is,  toward  wide  slots.  At  first,  on  account  of 
the  imaginary  large  effect  of  mutual  induction,  it  was 
not  considered  advisable  to  place  two  or  more  sep- 
arate coils  in  one  slot,  and  therefore  a  large  number 
of  comparatively  narrow  slots,  corresponding  to  the 
number  of  commutator  bars,  was  common.  How- 
ever, with  the  recognition  of  self-induction,  and  not 
mutual  induction,  as  the  controlling  factor,  practice 
soon  tended  toward  two  and  three  coils  per  slot,  with 
correspondingly  fewer  slots  and  relatively  better  slot 
proportions.  The  results  in  general  were  favorable, 
and  at  the  same  time,  with  fewer  slots  and  more  con- 
ductors per  slot,  the  total  insulation  space  was  de- 
creased and  the  copper  space  was  correspondingly  in- 
creased. This  was  one  of  the  really  big  steps  in  in- 
creasing the  capacity  and  decreasing  the  dimensions 
of  generators.  However,  like  many  other  good  things, 
this  had  to  be  carried  too  far  before  the  best  propor- 
tions could  be  found,  and  in  quite  a  number  of  cases 
too  few  slots  and  too  many  bars  per  slot  were  tried, 
resulting  in  special  commutating  troubles,  due  to  im- 
proper magnetic  conditions. 

In  working  over  the  problem  of  reducing  the  self- 
induction,  the  writer  conceived  the  idea  of  purposely 
so  arranging  the  armature  winding  that  the  upper  and 
lower  coils  in  the  same  slot  would  not  be  commutated 
or  reversed  at  the  same  moment.*  This  was  accom- 
I)lished  by  changing  the  throw  of  the  coil  from  full 
pitch  to  one  or  more  slots  more  or  less  than  the  full 
pitch.  In  two-circuit  windings  with  one  turn  per 
coil,  the  end  connector  at  one  end  necessarily  has  to 
span  more  than  full  pitch  if  the  end  connector  at  the 
other  end  spans  less.  This  scheme  of  "fractional 
pitch,"  or  "chorded"  winding  was  soon  tried  out  and 
proved  to  be  quite  beneficial,  except  in  those  cases 
where  the  neutral  or  commutating  zone  was  too  nar- 
row. This  arrangement  was  very  widely  adopted,  and 
remained  in  general  use  until  the  commutating  pole 
came  in.  With  this,  at  first,  full  pitch  windings  were 
used,  but  now  the  "fractional  pitch"'  or  "chorded" 
armature  winding  has  come  into  extended  use  in  some 
types  of  commutating  pole  machines. 

EQUALIZING     CONNECTIONS     OX     .ARMATURE     WINDINGS 

The  various  types  of  armature  windings  and  their 
effects  should  be  considered.  As  indicated  before,  the 
series  or  two-circuit  winding  was  used  principally  on 
the  early  slotted  armature  machines  of  moderate 
capacity.  The  parallel  drum  type  winding  on  multi- 
polar machines  was  well  known  at  this  time,  but  most 
of  the  machines  built  were  not  large  enough  to  require 
this  winding.  However,  as  larger  capacities  came  in, 
it  was  recognized  that  the  armature  winding  would 
have  to  be  subdivided  into  more  paths,  principally  on 
account  of  commutation,  and  the  parallel  type  of  wind- 
ing began  to  be  used.     With  this  type  of  winding  it 


*U.  S.  Patent  No.  588279. 


ii8 


THE  ELECTRIC  JOURNAL 


was  soon    noticed    tliat    the    commutating    conditions 
were,  not  infrequently,  considerably  poorer  than  in  the 
two-circuit  winding,  on  the  basis  of  equivalent  wind- 
ings and  commutator  bars.   This  was  particularly  true 
in  machines  with  more  than  four  poles.  It  was  soon 
discovered  that  there  was  unequal  division  of  current 
among  the  various  parallel  circuits,  and  tests  indicated 
that  this  was  due  primarily  to  unequal  e.m.f's.  gen- 
erated in  the  different  parallel  circuits  by  inequality  in 
field  strengths  of  the  different  poles.     This   necessi- 
tated very  careful  adjustments  of  the  air-gaps  around 
the  machine  and,  where  the  discrepancy  was  appar- 
ently due  to  the  magnetic  material  itself,  such  as  the 
poles  or  yoke,  it  was  in  some  cases  the  practice  to  ad- 
just  the   individual    field   coils   to  give   the   required 
equality  of  field  magnetic  strengths.    This  was  a  prac- 
ticable but  not   very  satisfactory  situation.     In  so.ne 
cases,  the  unbalancing  was  so  bad  that  some  of  the 
parallel  circuits  would   feed  back   through  others,  so 
that  the  relative  current  unbalancing  ivas  actually  in- 
creased.    This   action    appeared   to   be   as    follows  :^ 
When  any  armature  circuit  carried  a  current,  it  tended 
to  "cross  magnetize"  the  field  pole,  strengthening  the 
flu.x  at  one  pole  edge  and  weakening  it  at  the  other. 
Without  saturation,  these  two  actions  should  balance 
each  other,  so  that  the  total  pole  strength  remained 
practically  constant  regardless  of  the  flux  distortion. 
In  consequence,  the  armature  e.m.f.  per  pole  should 
remain  practically  constant.     However,  with  any  con- 
siderable saturation  in  the  path  of  the  cross  flux,  the 
increased  flux  at  one  pole  corner  was  not  equal  to  the 
reduction  at  the  other  corner,  so  that  the  resultant 
total  flux,  and  the  e.m.f.  were  decreased,     .\ssuming, 
for  instance,  a  ten-pole  parallel-wound  armature  in  a 
field  in  which  one  pole,  or  one  magnetic  circuit,  was 
much  weaker  than  the  others.     The  stronger  circuits 
tended    to    feed    current    back    through    the    weaker. 
There  would  be  distortion  under  all  the  poles,  but  if 
eight  circuits  fed  current  through  two  circuits,  then 
the  distortion  in  the  two  circuits  would  be  much  great- 
er than  in  the  eight.    If  there  were  high  saturation  in 
the  path  of  the  cross  magnetic  circuits,  then  all  the 
magnetic  fields  would  be  weakened  to  a  certain  extent, 
but  the  two  normally  weaker  ones  would  be  weakened 
much  more  than  the  others,  due  to  the  larger  currents. 
Thus  their  e.m.f's.  would  be  still  further  reduced  and 
more  current  would  flow  through  them.     The  action 
thus  became  cumulative,  and  might  increase  until  de- 
structive local  currents  flowed  in  some  of  the  circuits. 
In  certain  of  the  early  parallel-wound  machines,  the 
writer  observed  some  extreme  cases  of  this  action,  in 
which  the  current  gradually  increased  to  such  values 
that  the  carbon  brushes  became  red  hot  over  the  whole 
length,  and  the  sparking  at  the  commutator  was  ter- 
rific.   Measurements  of  the  armature  voltages  in  such 
cases,  with  the  brushes  raised,  always  showed  consid- 
erable unbalancing. 

The  problem  of  unbalanced  circuits  in  parallel- 
wound  multipolar  armatures  was  known  and  the  con- 


ditions accepted  for  several  years  before  a  true  remedy 
was  found  for  it.    As  in  many  other  cases,  this  remedy 
resulted    from   an    unusually    severe   case  of   trouble. 
The   Westinghouse   Company   had   sold   a   number  of 
high   current  machines   for  electrolytic  work.     These 
were  built  with  14-pole  fields  and  parallel-wound  arma- 
tures.    The  then  usual  methods  of  balancing  the  mag- 
netic circuits  were  relied  upon.    However,  on  test,  the 
first  of  these  machines  developed  undue  difficulty  in 
maintaining   balanced    magnetic    circuits.      The    finest 
possible  adjustments  were  necessary  to  obtain  reason- 
ably good  operating  conditions.    Also,  due  possibly  to 
the  dimensions  of  the  frame,  and  the  lack  of  rigidity 
in  the  temporary  foundation,  the  machine  would  get 
out  of  magnetic  alignment  very  easily,  and  would  get 
into  vibration.     As  soon  as  vibration  began,  commuta- 
tion troubles  would  commence  and  would  grow  worse. 
Mr.  Philip  Lange,  then  superintendent,  gave  this  ma- 
chine his  personal  attention  with  a  view  to  finding  how 
to  adjust  for  permanently  good  results.    After  several 
days  of  adjustment,  he  became  somewhat  discouraged 
and  told  the  writer  that  he  did  not  believe  that  me- 
chanical adjustment  was  a  satisfactory  solution  of  this 
difficulty.     In   discussing  the  matter,  the  writer  sug- 
gested that,  as  two  or  more  separate  armatures,  oper- 
ating  in    parallel,    would    have    their    field    strengths 
equalized  by  tying  them  together  electrically  through 
polyphase  alternating-current  connectors,  therefore,  as 
a  parallel-wound  multipolar  armature  was  equivalent 
to  a  number  of  separate  armatures  feeding  into  a  com- 
mon direct-current  circuit,  it  was  theoretically  possible 
to  balance  the  difTerent  field  fluxes  by  tying  all  the 
parallel  armature  circuits  together  by  polyphase  con- 
nections.*   The  writer  at  that  time  was  very  familiar 
with  such  action,  through  extended  tests  of  alternators 
in  parallel,  rotary  converters,  etc. ;  also,  having  applied 
for  a  broad  patent  covering  the  principle  of  controlling 
the  field  strength  of  synchronous  generators  or  motors 
by   leading   or   lagging   alternating   currents. f      After 
making  this  suggestion,  as  to  a  possible  cure  for  the 
above  trouble,  he  then  proposed  that  it  be  tried  on  this 
machine  in  a  comparatively  simple  manner  by  winding 
three  insulated  copper  bands  over  the  front  end  of  the 
armature  winding  between  the  commutator  necks  and 
the  armature  core,  and  then  carrying  suitable  insu- 
lated connectors  from  these  bands  to  the  tops  of  the 
commutator  necks,  using  seven   such  connectors  per 
ring.     In  this  way,  a  crude  but  easily  accessible  set  of 
polyphase    connections    was    added    to    the    machine. 
This  work  was  carried  far  into  the  night  before  being 
ready  to  test.    Mr.  Lange  left  word  that  the  results  of 
the  tests  be  telephoned  him  as  soon  as  obtained.  About 
midnight  he  received  a  message  that  the  commutation 
was  perfect  and  there  was  no  vibration.    He  then  sug- 
gested that,  possibly,  unusually  good  mechanical  ad- 
justment had  been  obtained  in  setting  up  the  field,  and 
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that,  therefore,  the  cross  coiineclions  might  not  be  re- 
sponsible for  the  results.  As  a  check  on  this,  he  asked 
that  the  cross  connections  be  opened,  without  disturb- 
ing the  machine  otherwise  in  any  manner,  and  the  test 
then  be  repeated.  Under  this  condition,  the  sparking 
and  vibration  were  as  bad  as  ever,  or  possibly  worse 
than  the  average  former  results  for,  in  setting  up  the 
field  after  adding  the  cross  connections,  no  particular 
attempt  had  been  made  to  obtain  good  adjustment  of 
the  magnetic  circuit.  The  results  therefore  appeared 
to  be  conclusive,  and  the  several  machines  on  this 
order  were  then  fitted  with  three-phase  cross-connec- 
tions, and  all  showed  up  equally  well  on  shop  test.  A 
curious  condition  developel  in  one  of  these  machines 
after  installation  in  the  customer's  plant.  It  was 
found  that  one  of  the  generators  did  not  commutate  as 
well  as  the  others,  and  the  reason  for  this  was  not 
discovered  for  several  weeks.  It  was  then  found  that 
this  machine  did  not  have  the  same  shunt  field  current 
as  the  others.  Investigation  then  showed  that  two 
field  coils  had  wrong  polarity,  namely,  those  marked 
No.  6  and  No.  o.  In  assembling  the  field  coils  on  the 
poles,  the  numerals  painted  on  the  coils  had  appar- 
ently been  read  upside  down,  and  the  coils  thus  inter- 
changed. In  those  days,  the  field  coils  had  the  con- 
nections "open"  or  "crossed"'  inside  the  coil  so  that  one 
could  not  determine  from  its  outside  appearance  what 
its  polarity  would  be.  Here  was  a  case  where  a  14- 
pole  parallel-wound  armature  had  operated  for  several 
months  with  tivo  field  coils  reversed,  and  yet  the  arma- 
ture cross-connections  actually  neutralized  the  wTong 
polarity  and  established  fields  of  the  correct  polarity 
in  their  place.  This  was  very  good  evidence  as  to  the 
effectiveness  of  the  cross-connections. 

As  soon  as  this  method  of  balancing  parallel  cir- 
cuits was  developed,  it  was  applied  to  all  new  machines 
being  built  by  the  Westinghouse  Company,  and  was 
also  applied  to  a  large  number  of  parallel-wound 
armatures  already  in  operation.  It  was  soon  found 
that  with  three  cross-connections,  there  was,  in  some 
cases,  a  tendency  to  "spot"  the  commutator  at  as  many 
points  or  regions  as  there  were  cross-connecting  taps 
to  the  commutator.  These  spots  or  regions  were  al- 
ways between  the  cross-connecting  taps  to  the  com- 
mutator. To  overcome  this,  four  cross-connecting 
rings  were  tried  on  one  flagrant  case,  and  the  spots 
were  still  found,  but  of  less  width  than  before.  Six 
cross-connections  were  then  tried  on  the  same  ma- 
chine, with  still  evidence  of  a  little  spotting.  A  total 
of  nine  cross-connections  was  then  tried  and  the  spot- 
ting entirely  disappeared.  This  was  then  tried  on  vari- 
ous machines,  with  equally  good  results,  and  therefore 
a  comparatively  large  number  of  cross-connections 
was  adopted  as  standard  Westinghouse  practice. 
Sometime  later,  it  was  common  practice  to  cross-con- 
nect all  the  commutator  bars,  but  it  was  found  that 
this  apparently  gave  no  better  results  than  a  consider- 
ably less  number  of  cross-connections.  Present  ex- 
perience seems   to  indicate  that  one   cross-connection 


per  armature  slot  is  as  far  as  it  is  necessary  to  go, 
even  in  the  most  extreme  cases. 

Cross-connection  of  parallel-wound  armatures 
was  gradually  adopted  by  other  companies,  until  now 
it  is  practically  universal.  Doubtless,  most  of  the 
manufacturers  have  gone  through  the  same  course  of 
development  as  indicated  above,  in  regard  to  the  num- 
ber of  cross-connections  used.  The  first  G.  E.  cross- 
connected  armature  that  the  writer  saw  had  only  two 
cross-connecting  rings,  but  later,  this  was  changed  to 
II  rings,  the  machine  having  22  slots  per  pole.  This 
was  one  of  the  things  that  everybody  had  to  find  out 
by  actual  experience.  The  use  of  cross-connections  on 
parallel  windings  has  undoubtedly  had  a  very  great  in- 
fluence on  direct-current  development,  and  yet  nor- 
mally it  has  appeared  to  be  simply  one  of  the  inci- 
dental features  of  direct-current  design. 

In  equalizing  the  e.m.f's.  by  equalizing  the  pole 
fluxes,  naturally  the  magnetic  pulls  around  the  ma- 
chine should  be  equalized.  This  was  recognized  in  the 
first  place,  but  an  actual  proof  of  it  was  obtained  very 
early  in  the  practice.  In  one  case,  with  a  large  engine- 
type  machine,  one  of  the  engine  pedestals  slipped,  the 
armature  being  thrown  to  one  side  until  it  was  prac- 
tically touching  the  field  poles.  With  a  non-equalized 
armature  winding,  the  unbalanced  magnetic  pull  under 
this  condition  would  have  been  so  great  that  the  field 
would  have  "hugged"  the  armature  presumably  to  the 
point  of  destruction.  But  in  this  case,  the  armature 
ran  freely  in  the  field,  and  there  was  no  evidence  of 
any  magnetic  pull  or  unbalancing,  except  possibly  a 
slight  sparking  at  the  commutator. 

In  the  early  days,  numerous  attempts  were  made 
to  retain  the  good  features  of  the  two-circuit  winding, 
and  still  increase  the  number  of  armature  circuits. 
This  was  mostly  before  the  parallel  winding  had  been 
perfected  by  the  development  of  cross-connections. 
The  most  obvious  method  of  extending  the  field  of 
the  two-circuit  winding  was  by  using  two  or  more  two- 
circuit-windings  on  the  same  armature  core  and  ar- 
ranging them  to  operate  normally  in  parallel  at  the 
brushes.  When  the  several  two-circuit  windings  were 
entirely  independent  of  each  other,  they  were  known 
as  "sandwich  windings."  In  other  modifications  of  these 
windings,  the  various  circuits  closed  on  each  other  and 
formed  the  so-called  "re-entrant"  windings.  The 
writer  had  some  early  experience  with  both  tliese  ar- 
rangements, but  neither  proved  very  satisfactory.  In 
the  first  case  tried,  a  direct-connected  machine  of  mod- 
erate size  had  a  sandwich  winding,  consisting  of  two 
entirely  independent  tw-o-circuit  windings  connected  to 
alternate  commutator  bars.  This  was  run  on  test  for 
24  hours  with  excellent  results.  Fortunately,  in  order 
to  do  some  special  testing,  it  was  then  operated  a  few 
hours  longer,  and  burning  of  alternate  commutator 
bars  developed.  The  burnt  bars  were  marked,  the 
commutator  was  turned  down,  and  the  tests  were  re- 
peated. Burning  again  occurred.  This  operation  was 
repeated  several  times  with  like  results,  except  that  it 
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was  noted  that  the  same  set  of  bars  did  not  always 
burn.  After  possibly  a  week  of  testing,  this  winding 
was  abandoned  as  impracticable.  Apparently,  similar 
results  were  found  by  other  manufacturers,  except 
that  in  some  cases  they  got  their  machines  on  the 
market  before  they  discovered  the  difficulty  of  burn- 
ing alternate  bars.  Some  years  later,  Prof.  E.  E. 
Arnold  of  Karlsruhe,  Germany,  developed  a  system  of 
cross-connections  for  such  armature  windings  which, 
to  a  great  extent,  overcame  this  burning  action  at  the 
commutator.  This  system  consists  in  intercoimecting 
various  points  of  equal  potential  in  the  different  cir- 
cuits. The  writer  at  an  earlier  date  similarly  cross- 
connected  some  sandwich  type  two-circuit  closed  coil 
windings  on  some  large  multipolar  low  voltage  alter- 
nators.* The  arrangement  of  armature  winding  and 
cross-connections  was  the  same  as  Prof.  Arnold's 
patent  of  later  date.  If  commutators  had  been  con- 
nected to  these  alternator  windings,  the  arrangement 
would  have  been  the  same  as  Prof.  Arnold's.  These 
same  machines  are,  the  writer  believes,  in  operating 
ser\-ice  at  the  present  time. 

COMMUT.MOR    MICA 

While  considering  questions  of  commutation,  the 
■effect  of  windings  on  commutation,  etc.,  the  story  of 
commutator  mica  should  not  be  overlooked,  for  much, 
interesting  history  is  involved  in  this.  The  use  of 
mica  as  an  insulating  material  between  commutator 
bars  dates  far  back.  In  the  latter  '8o's,  the  use  of 
mica  in  this  way  was  well  established,  although  red 
fiber  and  similar  materials  were  still  used  occasionally. 
However,  the  mica  practice  in  those  days  was  not  at 
all  standardized  or  uniform.  Various  thicknesses  of 
mica  were  used  from  possibly  1/32  up  to  Ys  in.  A 
thickness  of  1/16  in.  seemed  to  have  the  preference  in 
the  larger  machines.  With  the  surface  armature  wind- 
ings, used  entirely  in  those  days,  one  thickness  of  mica 
appeared  to  serve  as  well  as  any  other.  Also,  prac- 
tically all  mica  was  ])unched  out  of  solid  sheets,  and 
was  unsplit  as  far  as  possible.  In  railway  motors, 
1/16  in.  mica  was  also  in  fairly  common  use. 

In  designing  the  first  slotted  armature,  single  re- 
duction railway  motor  in  iSqo,  as  already  described, 
the  mica  between  the  commutator  bars  was  made  1/32 
in.  thick,  for  some  reason  which  the  writer  does  not 
now  recall.  On  test,  the  commutators  of  the  first  two 
machines,  which  were  made  with  this  thin  mica, 
showed  no  mica  trouble  whatever.  However,  this  very 
thin  mica  was  noted  in  particular  by  the  railway  peo- 
ple, and  a  "howl  went  up"  against  it.  In  consequence 
of  the  great  criticism,  later  motors  were  made  with 
nnich  thicker  mica,  although  not  nearly  as  thick  as 
the  general  criticism  called  for.  However,  when  these 
later  motors  went  into  commercial  service;  trouble  soon 
developed  at  the  conunutators.  Very  bad  blackening 
and  burning  of    the    commutator    face    occurred    in 
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all  motors.  It  was  soon  noted  that,  in  all  cases  of  such 
burning,  the  commutator  mica  stood  above  the  copper 
surface.  It  was  not  evident  at  first,  however,  whether 
the  burning  was  inherent  in  the  slotted  type  of  ma- 
chine, with  the  high  mica  merely  as  a  result  of  such 
burning,  or  whether  insufficiently  rapid  wear  of  the 
mica,  compared  with  the  copper,  started  the  trouble. 
However,  it  was  found  that  scraping  down  the  mica, 
below  the  surface  of  the  copper,  stopped  the  burning 
action.  It  thus  appeared  that  insufficiently  rapid  wear 
of  the  mica  was  back  of  this  trouble.  Undercutting  of 
the  mica  was  resorted  to  for  awhile,  but  was  con- 
sidered as  only  a  temporary  remedy.  In  looking  for 
a  permanent  remedy,  the  action  of  the  first  two  mo- 
tors built,  with  1/32  in.  mica,  was  carefully  studied. 
It  was  noted  that,  although  these  two  motors  had  been 
in  service  longer  than  any  of  the  others,  yet  no 
tendency  for  burning  or  high  mica  had  ever  developed. 
This  was  a  pretty  fair  indication  of  what  to  do,  and 
therefore,  a  number  of  additional  commutators  were 
built  with  1/32  in.  mica,  and  installed  in  places  where 
there  was  commutator  blackening.  All  these  new  com- 
mutators were  a  great  improvement,  so  that  many  of 
the  old  commutators  with  thicker  mica  were  changed 
to  the  1/32  in.  mica.  This  practically  eliminated  the 
trouble,  but  occasionally  there  were  cases  where  black 
spots  or  regions  developed  on  the  commutators  which 
could  ap])arently  be  traced  to  local  hard  places  in  the 
mica.  Thus  the  problem  of  more  rapidly  wearing  mica 
came  up,  and  various  experiments  were  made  to  find 
such.  The  first  effective  step  consisted  in  splitting  the 
mica  into  a  number  of  fine  sheets  before  building  it  in 
the  comnmtator,  with  the  idea  that  its  rate  of  wear 
would  be  increased  in  that  way.  This  did  prove  fairly 
effective,  particularly  in  large  generators.  As  the 
slotted  type  of  railway  generator,  however,  followed 
aljout  a  year  after  the  motor,  fortunately  the  investi- 
gations of  the  motor  troubles  were  then  under  way 
and  their  temporary  remedies  were  applicable  very 
early  in  the  generator  work.  .'~^ub-di\  iding  the  mica  as 
described  almost  eliminated  the  motor  mica  troubles 
and  did  help  the  generators  very  considerably ;  but  the 
generator  trouble  was  harder  to  eliminate,  because 
everyone  was  opposed  to  the  use  of  1/32  in.  mica  in 
generator  comnuitators,  and  therefore  a  considerably 
thicker  mica  was  retained.  It  was  recognized  that 
soft  quick  wearing  mica  was  most  desirable,  and  it 
was  soon  found  that  some  kinds  of  mica  were  better 
than  others.  Thus  the  softer  "amber"  micas  were  soon 
chosen  in  preference  to  the  harder  "white"  micas  for 
use  between  commutator  bars.  Incidently,  in  connec- 
tion with  this  question  of  soft  mica,  the  writer  recalls 
an  incident  which  happened  in  1892.  A  fire  occurred 
in  one  of  the  Pittsburgh  car  barns  which  destroyed, 
among  other  equipment,  a  car  containing  two  West- 
inghouse  single-reduction  motors.  An  examination 
of  these  motors  was  made  by  the  writer  after  the  fire, 
and  it  was  found  that  the  commutators  had  been  ap- 
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parentlv  red  hot.  In  dismantling  one  of  these  com- 
mutators, the  mica  between  commutator  bars  which 
formerly  had  been  in  solid  pieces,  came  out  in  the 
original  form,  but  was  semi-calcined  to  a  white  ap- 
pearance, and  was  split  into  extremely  thin  laminae 
and  appeared  to  be  very  soft.  The  writer  suggested  at 
the  time  that  here  was  the  kind  of  mica  that  we  ought 
to  have  in  commutators.  However,  it  was  considered 
of  insufficient  strength  to  use  in  commutators,  the  use 
of  built-up  mica  with  shellac  or  other  binding  material 
not  being  then  well  known. 

The  use  of  finely  split  mica  without  any  binder,  in 
commutators,  lasted  for  a  year  to  two.  Such  construc- 
tion, however,  required  relatively  large  sheets  of  mica, 
which  were  unduly  expensive.  Then,  "Micanite" 
which  consisted  of  small  thin  laminae  of  mica  built  up 
into  sheets,  with  a  suitable  binder,  came  into  use,  and 
this  eventually  solved  the  mica  problem,  at  least  par- 
tially, as  far  as  the  material  was  concerned.  But  several 
grades  of  this  built-up  mica  were  developed,  and 
various  binding  materials  were  used  by  dififerent 
manufacturers,  which  eventually  led  to  very  serious 
trouble  from  "pitting,"  etc.  In  this  pitting,  sparks  be- 
tween adjacent  commutator  bars  would  gradually  eat 
away  the  edges  of  the  mica,  and  this  action  would  fol- 
low the  burnt  edges  until  deep  places  were  eaten  down 
between  the  bars.  All  manufacturers  of  electrical  ma- 
chinery encountered  more  or  less  trouble  from  this 
pitting  which,  in  many  cases,  was  charged  against  the 
design  of  the  machine.  Eventually  the  cause  was 
found  to  lie  principally  in  the  binding  material  in  the 
mica  plate,  and  with  improvement  in  this  point  and 
care  in  keeping  free  oil  oft  the  commutators,  pitting 
gradually  disappeared. 

Recognizing  the  fact  that  mica  is  not  an  unmixed 
blessing  in  commutators,  various  attempts  have  been 
made  from  time  to  time  to  find  substitutes.  Electrical- 
ly, substitutes  may  be  found  without  difficulty,  but  up 
to  the  present  time,  none  of  them  have  shown  suitable 
physical  properties,  except  in  limited  applications. 
"Red  fiber"'  and  paper  were  used  many  years  ago  on 
commutators  of  surface-wound  machines,  apparently 
with  very  good  success.  Such  materials  wore  down 
rapidly  under  the  brush,  especially  if  any  sparking  oc- 
curred. Therefore,  if  high  fiber  .should  lift  the  brush 
away  from  the  commutator  face,  the  resultant  spark- 
ing would  soon  burn  the  fiber  down  flush  with  the 
copper  so  that  good  contact  between  brush  and  cop- 
per would  again  result.  This  action  in  itself  is  an  ideal 
one.  However,  all  fibers  or  papers  are  subject  to  more 
or  less  expansion  or  contraction,  due  to  moisture  con- 
ditions, and  this  was  a  serious  objection.  If  any  con- 
siderable expansion  of  the  fiber  occurred  in  its  thick- 
ness, that  is,  in  the  circumferental  direction  of  the  com- 
mutator, then,  when  shrinkage  followed,  due  to  dry- 


ing out  of  the  moisture,  there  would  necessarily  be 
some  slight  looseness  circumferentially  and  oil  or  other 
foreign  material  could  penetrate  between  commutator 
bars,  which  would  eventually  lead  to  pitting.  What 
was  required  was  a  material  with  some  elasticity,  so 
that  the  space  between  commutator  bars  would  always 
be  filled  solidly  regardless  of  expansion  or  contraction 
of  the  commutator.  The  finely  laminated  structure  of 
mica  plate,  furnishes  the  necessary  elasticity,  but  ap- 
parently no  other  material  yet  available  has  satisfac- 
torily met  this  condition.  The  physical  conditions  re- 
quired however,  were  not  as  well  understood  many 
years  ago,  and  hence  the  many  attempts  to  use  other 
materials  than  mica  in  commutators.  The  Westing- 
house  Company  tried  "fish  paper"  quite  extensively 
years  ago,  in  a  number  of  low  voltage  machines.  In 
the  preliminary  tests  the  material  used  appeared  to  be 
influenced  but  little  by  atmospheric  conditions,  and 
excellent  results  were  obtained.  However,  in  attempt- 
ing to  extend  its  use,  very  considerable  difficulty  was 
encountered  in  finding  material  which  was  as  little  af- 
fected by  moisture  as  that  used  in  the  first  tests.  It 
developed  that  the  particular  qualities  desired  for  this 
service  were  exceptional  rather  than  normal,  in  the 
manufacture  of  this  material.  Thus  it  soon  became 
evident  that  this  material  would  not  meet  the  require- 
ments in  general.  Various  other  materials  were  tested, 
such  as  asbestos  and  paper  built  up  in  alternate  layers, 
mica  and  paper  built  up  in  alternate  layers,  etc.  While 
all  of  these  were  operative,  yet,  in  general,  they  did  not 
show  sufficient  promise  to  extend  their  use.  Such  ex- 
perience and  developments  were  not  confined  to  the 
Westinghouse  Company,  for  presumably  all  enter- 
prising manufacturers  have  had  more  or  less  the  same 
experience. 

Within  recent  years,  practice  has  tended  very 
largely  toward  undercutting  the  mica.  This  has  not 
been  due  to  mica  trouble  primarily,  but  has  arisen 
from  brush  conditions.  Experience  has  shown  that 
certain  grades  of  brushes  are  electrically  and  mechanic- 
ally very  desirable,  with  the  exception  that  they  do  not 
have  sufficient  grinding  or  wearing  action  on  the  mica. 
In  order  to  obtain  the  full  benefits  of  such  brushes,  in 
many  cases,  it  is  necessary  to  undercut  the  mica,  and 
thus  eliminate  entirely  the  problem  of  mica  wear. 
This  is  especially  the  case  in  those  modern  relatively 
high-speed  machines  with  comparatively  thin  com- 
mutator bars,  in  which  the  thickness  of  mica  repre- 
sents a  fairly  large  percentage  of  the  bar  thickness. 
In  such  machines,  undercutting  was  first  adopted,  but 
as  the  beneficial  eflects  of  the  better  brushes  became 
recognized,  undercutting  has  been  very  generally 
adopted  on  all  high-speed  machines,  in  order  to  use 
such  brushes.  This  undercutting  has  been  the  latest 
important  step  in  the  mica  problem. 

{To    be   Continued) 
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Disconnecting    Switches 

G.  I,.  Christmas'. 
Switchboard  Engineering  Dept. 
'  Westinghouse  Elaclric  &  Mfg.  Company 

ISCONNKC'J'lXCi  switches   are  knife  switches     tioii  and  the  break  jaw  for  front  connection  is  shown 
adajUed  for  use  on  high  vohages.     They  are     in  I'^ig.  5.    It  also  has  a  90  degree  stop  for  holding  the 


blade  in  the  open  position.    Other  pillar  type  switches 
are  shown  in  Figs.  6  and  7. 

The  higher  voltage  form  of  pillar  type  insulator 
is  made  by  combining  a  number  of  sections,  building 
them  one  on  top  of  the  other  until  the  height  necessary 
to  obtain  the  rcfinired  insulation  is  secured,  as  shown 


not  used  to  open  live  circuits,  but  to  discon-' 
nect  or  isolate  apparatus  from  the  circuits  and  to  sec- 
tionalize  feeders,  at  such  times  as  they  are  not  carry- 
ing current.  Because  of  the  high  voltages  they  are 
operated  at  a  distance  by  an  insulated  hook  stick,  or  by 
remote  hand  or  electrical  control. 

There  are  three  general  types: — Those  without 
porcelain  insulators ;  those  with  the  petticoat  type  por- 
celain insulator,  and  those  with  the  pillar  type  por- 
celain insulators.  Those  without  insulators  are  ordi- 
nary knife  switches  with  a  modified  blade,  mounted 
on  a  base  of  soapstone,  marble  or  other  insulating  ma- 
terial, and  arc  used  only  for  voltages  up  to  3  500  volts 
They  are  made  either  front  or  rear  connected,  or  with 
one  jaw  front  and  the  other  jaw  rear  connected.  Fig 
I  shows  a  typical  3  300  volt  front-connected  switch  of 

this    type.  FI(J.   2 — PETTKO.NT   I.\sri..-\T0R    SWITCH    FOR    W.\I.].    MOL'.VTIN'C. 

The  petticoat  insulator  tvpe  has  the  currciil  carr\-  „.      „      ^,,  .  ,   .  ,  , 

,    ,        ,,      •    ■  ,  ^  1  ii      •       ,  .  ■  in   iMg.  <S.      1  Ins  tvpe  can  be  used  for  anv  voltage  by 

mg  parts  mounted  on  the  insulators  and  the  insulators  .'^      ,  -'     .         .  ,  ,  -^  f 

.     ,  ,    ,  ,  .  ,  ,  ,         1  varvmg  the  number  ot  sections,  although  for  \oltages 

111  turn  mounted  on  iinis  which  are  secured  to  a  liase.  '     ^  ,      ,.       .       ,  .      , 

,,        .  ,  ,         ,-  I    ,    ■  ,  •      ,        1         I  lip  to  60000  the  line  insulator  tvpe  is  cheaper  . 

the  pms  and  base  tre(|ucntly  Ijemg  comliincd  and  made  .11 

oi'i-:k.\ti()N 

The  usual  method  of  operating  disconnecting 
switches  is  by  a  hook  on  the  end  of  an  insulated  pole. 
For  over  66000  volts,  a  grounding  attacliment  is 
placed  on  the  pole  above  the  i)]ierator's  liaiid  to  ground 
any  leakage  which  may  occur.  For  very  high  voltages 
of  iron.  They  ai¥ord  a  simple  and  cheap  construction,  other  forms  of  operation  arc  preferable.  This  is  al- 
and are  usually  mounted  on  walls  or  ceiling  where  tained  by  using  remote  control',  either  hand  or  electric- 
they  can  be  operated  by  means  of  a  pole  or  hook  stick,  ally  operated.  In  this  form  the  switch  blade,  including 
When  adapted  for  ceiling  mounting,  the  order  of  the     the  column  of  insulators,  is  revolved  in  order  to  avoid 


FIG.    I- 


-A    FRONT-CONNECTF.n    SVVITCHBO.Md)    TVPE    nlSCONNECTING 
SWITCH 


bringing  the  control   mechanism   near   the   live  parts. 
Tlic  hand-operated   switch   is  controlled  by  means  of 


parts  is  usually  reversed ;  that  is,  the  current  carrying 
parts  are  mounted  below  the  insulator,  and  the  base  is 
secured  to  the  top  of  the  insulator.  In  this  case  a 
latch  should  be  added  so  that  the  blade  will  not  fall 
out.  The  inverted  type  is  adaptable  for  installations 
where  the  wiring  is  directly  overhead,  and  can  also  be 
used  outdoors  where  it  can  be  mounted  under  cross- 
arms  and  operated  from  the  ground  by  means  of  a 
hook  stick.  Switches  of  this  type  are  shown  in  Figs. 
2,  3  and  4. 

The  pillar  insulator  type  generally  consists  of  a 
corrugated  porcelain  pillar  with  a  broad  base  for 
mounting.  It  is  especially  adapted  for  use  in  bus-bar 
structures,  its  great  advantages  over  the  line  insulator  the  usual  handle  lever  and  connecting  rod,  while  the 
tj'pe  being  that  it  can  be  made  for  either  front  or  rear  electrically-operated  switch  has  magnets  mounted  on 
connection,  or  a  combination  of  both.  It  is  generallv  the  base.  The  hand  remote  control  switch  and  elec- 
used  in  the  wall  mounting  position,  but  can  also  be  trically-operated  switch  arranged  for  inverted  mount- 
used  in  the  inverted  position  by  the  addition  of  a  suit-  ing  are  shown  in  Figs.  9  and  10.  The  hand  remote 
able  latch.  .\  double-throw,  13000  volt,  300  ampere  control  arrangement  forms  the  best  scheme  for  high- 
switch  with  the  hinge  jaw  arranged   for  rear  connec-     voltage  outdoor  installations. 


FIG   3 — PETTICO.VT   IXSUI..\TOR    SWITCH    FOR    PIPE    M01"NT1.\G 
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CURRENT   CAPACITY 


The  current  carrying  capacities  of  disconnecting 
switches  in  general  have  been  small,  but  there  is  an 
increasing  demand  for  large  capacity  switches.  The 
type  withtint  insulators  can  be  made  in  any  capacity 


FIG.  4 — INVF.KTEn  PETTICO.'KL   SWITCH   WITH  LATCH   FOR  CEILING  OR 
PIPE  MOUNTING. 

for  which  the  600  volt  knife  switches  have  Ijeen  made, 
although,  as  in  the  latter  switches,  the  front  connection 
type  has  not  been  developed  to  the  same  extent  as  the 
rear  connection.  For  the  petticoat  insulator  type,  the 
voltages  being  higher,  the  current-carrying  capacities 
are,  of  course,  smaller.  Capacities  of  over  600  amperes 
are  not  well  adapted  to  the  petticoat  insulator  type  as 
the  amount  of  metal  necessary  to  carrv  the  current 
makes  the  switch  top-heavy,  and  the  strain  on  the 
joints  between  the  pins  and  the  insulator  becomes  too 
great  for  proper  safety.  The  pillar  type  is  therefore 
better  adapted  to  the  larger  currents,  having  a  liroad 
base  and  in  general  a  better  head  for  securing  caps. 
For  the  highest  voltages,  the  capacities  are  compara- 
tively small  and  the  mechanical  strength  of  the  parts 
of  the  switch  of  this  voltage  more  than  sufficient  to 
carry  the  current  required. 

For  capacities  of  i  600  amperes  and  over,  alter- 
nating current,  attention  must  be  paid  to  the  frequency 
and  the  conditions  of  the  installation.  On  account  of 
the  skin  effect  of  alternating  currents,  switches  abo\'e 
2  000  amperes  are  uneconomical  in  construction,  and 
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FIG.     5 — PORCEL.MN-PILLAR    TYPE    DOUBLE-THROW     SWITCH 


practical  switches  instead  of  a  bulky,  unwieldv  single 
switch,  as  is  necessary  where  the  current  is  carried  !>y 
one  unit.  A  distinct  advantage  in  the  divison  of  con- 
ductors and  switches  is  that,  on  multiphase  systeiiis, 
the  phases  may  lie  interleaved.      It  has  been  demon- 


EIG.  4 — INVERTED  PETTICOAT  SWITCH    WITH   LATCH  FOR  CEILING  OR 

With  latch  attachment  to  prevent  accidental  opening.  A 
base  i.s  provided  with  rough  sawed  edges  for  cementing  into 
switchboard  structures. 

strated    that    this    interleaving    greatlv    reduces     the 
heating  and  is  therefore  very  desirable. 

VOLTAGE  CAPACITIES 

The  types  without  insulators  are  limited  in  volt- 
age to  the  value  of  the  insulating  qualities  of  the  base 
employed.  Marble  forms  the  best  base  for  this  type, 
but  is  not  suitable  above  3  500  volts.  The  petticoat 
insulator  type  is  limited  to  about  66  000  volts.  For 
greater  mechanical  strength  the  pillar  type  is  far 
superior,  the  sectional  or  unit  pillar  type  being  espe- 
cially adaptable  for  higher  voltages. 

CONSTRUCTION 

The  unit  pillar  has  been  made  in  several  forms 
the  first  of  which  consisted  of  a  numlier  of  units 
cemented  together.  Each  unit  was  shaped  somewhat 
like  a  flower  pot  with  a  flaring  rim  and  then  inverted 
when  placed  in  position.  A  column  of  these  was  weak 
mechanically,  however,  and  the  second  form  was  ar- 
ranged to  secure  greater  strength  in  the  joints  and  the 


FIG.   7 — A  SELECTOR  SWITCH  OF  THE  PILLAR  TYPE 

This  is.  in  effect,  two  single-pole  single-throw  switches 
with  a  coinmon  hinge  stud.  It  is  uised  to  transfer  the  circuit 
in  which  the  hinge  stud  is  connected  from  one  set  of  bus-bars 
to  another  without  interrupting  the  circuit,  and  to  connect 
both  sets  in  parallel. 


special  designs  are  necessary  for  particular  cases.  For  necks  by  making  each  unit  of  two  sections,  as  shown  in 
these  large  currents  there  is  usually  more  than  one  Fig.  10,  increasing  the  diameter  of  the  necks  and  pro- 
conductor  and  this  division  of  the  current  should  be  viding  practically  a  double  wall  of  porcelain  vertically, 
continued  with  regard  to  the  switches.  This  reduces  This  gave  excellent  electrical  results  and  considerably 
the  heating  of  conductors  and  switches  to  a  minimum  greater  mechanical  strength,  the  latter  approaching  the 
and  therefore   allows   the   use   of   several   normal   and  tensile  strength  of  porcelain. 
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As  the  crushing  strength  of  porcelain  is  greater 
than  the  tensile,  the  third  form  was  arranged  to  have 
the  porcelain,  as  far  as  possible,  in  compression.  To 
accomplish  this,  a  metal  ferrule  was  introduced  be- 
tween the  units  which  was  inserted  in  the  head  of  one 
unit  and  placed  over  the  head  of  the  next  succeeding 


FIG.    8 — A    150000    VOLT    SIN(.I  1.    I  M  i;(.\\  ,    ifLTlluuK    DlsCUX.NlXTING 
SWITCH 

Equipped  with  sleet  shields  and  static  protector. 

unit,  as  shown  in  Fig.  8.  This  gave  a  broad  head  on 
the  unit  and  a  shape  approximating  in  appearance  a 
"Quaker  hat"  with  rim  slightly  turned  down.  The 
mechanical  strength  of  this  form  is  very  good,  results 
of  tests  indicating  a  tensile  strength  of  18  000  pounds, 
and  a  bending  monieiit  of  30000  inch-pounds.  The 
third  form  does  not  possess  any  flexibility  in  the  add- 
ing to  or  subtracting  of  units,  once  the  column  is 
cemented.  To  secure  such  flexibility  the  fourth  and 
present  form  has  been  evolved  in  which  the  ferrule  is 
divided  horizontally  into  two  parts  with  lugs  added  so 
that  they  can  be  bolted  together,  Fig.   11.     The  me- 
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FIG.    9 — OUTDOOR    RF..MOTE     MECHANIC.VL    CONTROL    HIGH    VOLTAGE 
SWITCH 

chanical  strength  of  the  third  form  has  been  sacrificed 
to  some  extent,  but  units  can  be  added  or  replaced  at 
will.  In  the  older  forms  if  one  unit  was  broken  the 
entire  pillar  had  to  be  replaced,  but  in  the  latest  form 
this  unit  can  be  easily  removed  and  another  inserted 
There  is  a  growing  tendency  to  add  latches  or 
locks  to  all  switches.    The  principal  object  of  the  latch 


is  to  prevent  opening  of  the  switch  on  short-circuit. 
The  form  of  the  switch  is  such  that  a  half  loop  of  a 
magnetic  circuit  is  formed,  and  the  sudden  rush  of 
extremely  large  currents  produced  by  short-circuit 
conditions  creates  a  magnetic  force  which  tends  to 
open  the  switch.    The  amount  of  short-circuit  current 


FIG.    10 — KLi;CTRICALLV-OPKR.\TED    REMOTE    CONTROL    HIGH -VOLTAGE 

SWITCH 

on  the  average  size  system  is  not  sufficient  to  open  a 
disconnecting  switch,  but  on  extremely  large  systems, 
where  an  enormous  current  may  flow,  the  latches  are 
desirable.  There  is  also  an  increasing  demand  for 
outdoor  types  of  switches  due  to  the  number  of  out- 
door sub-stations  being  installed.  They  are  also  used 
to  disconnect  branches  from  transmission  lines.  For 
lower  voltages  the  inverted  type  can  be  used  and  for 
higher  voltages  the  hand-operated  remote  control  form 
is  best.  The  horn-gap  type  of  switch  is  a  modifica- 
tion of  the  line  insulator  type,  and  can  be  used  on  lines 
where  the  surges  produced  by  the  opening  of  the 
switch  are  not  objectionable. 


FIG.    II — pn.l.AR-TVPE    DISCONNECTI.NT.    SWITCH    WITH    RENEWABLE 

UNITS 

There  are  many  modifications  of  the  forms  or 
types  mentioned,  each  meeting  some  particular  condi- 
tion or  function,  and  careful  consideration  should  be 
given  to  the  service  conditions  in  order  to  determine 
the  proper  type  of  switch  for  each  application. 


Vector  Conventions 

Alany  alternating-current  problems  may  be  easily  ex- 
plained by  vector  diagrams,  but  there  are  several  points  in 
the  use  of  vectors  which  are  liable  to  be  confusing.  As 
ordinarily  used  the  vector  represents  the  time-phase  position 
and  the  magnitude  of  the  maximum  value  of  the  alternating 
wave.  Fig.  i  shows  two  methods  of  representing  an  alter- 
nating wave.  The  wave  may  be  plotted  out  on  a  time  axis 
in  which  case  the  amplitude  of  the  wave  is  the  maximum 
value,  and  instantaneous  values  are  ordinates  to  the  curve  at 
the  particular  instants  considered.  Another  way  of  plotting 
the  wave  is  by  a  vector  whose  length  is  porpcrtional  to  the 
maximum  of  the  wave  and  which  is  supposed  to  rotate 
counter-clockwise    at    such    a    constant    speed    that    it    makes 


Fig.3 


one  complete  revolution  in  tlie  time  required  for  the  wave 
to  complete  one  cycle.  The  instantaneous  values  of  the  wave 
are  always  equal  to  the  projection  of  the  vector  at  the  given 
instant  on  a  vertical  line.  Thus  it  is  shown  in  Fig.  I  that 
the  ordinate  of  the  curve  at  45  degrees  is  equal,  by  construc- 
tion, to  the  projection  of  the  vector,  o.  In  the  vector  diagram, 
difference  of  time-phase  is  represented  by  an  angle  between 
two  vectors.  In  the  wave  figure  it  is  represented  by  the  dis- 
tance on  the  axis  between  the  zero  points  of  the 
waves.  It  will  be  seen  from  the  above  that  a  vector 
figure  represents  maximum  values.  Since  sine  waves  art 
assumed,  it  is  possible  to  represent  effective  values  to  a  dif- 
ferent scale  because  they  are  equal  to  maximum  values  di- 
vided by  a  constant,  V2.  Instantaneous  values  are  not  shown 
directly  in  a  vector  figure,  but  must  be  obtained  by  taking 
projections. 


.\  point  that  gives  some  dithculty  is  the  selection  of 
positive  directions.  Any  selection  will  do  as  long  as  it  is 
consistently  adhered  to.  Thus,  it  is  convenient  to  considei 
the  counter-clockwise  direction  around  a  delta,  and  the  di- 
rection out  from  the  neutral  point  of  a  "Y"  as  positive. 
Confusion  can  be  avoided  by  following  a  simple  convention. 
Draw  a  diagram  of  the  circuit  and  letter  all  intersections. 
It  is  helpful  to  arrange  these  diagrams  to  correspond  to  the 
shape  of  the  vector  figure.  When  a  vector  is  drawn  and 
lettered  use  two  subscripts  denoting  the  points  between  which 
the  current  flows  or  voltage  exists.  Thus  in  Fig.  2,  E  ^g 
represents  the  difference  of  potential  between  A  and  B,  A 
being  the  higher.  E ^j^  represents  the  difference  of  potential 
between  B  and  A  which  is  equal  and  opposite  to  £4^.  In 
other  words  £_4g=—  £^^.  The  same  is  true  of  currents. 
If  the  current  in  a  line  is  desired,  say  BE' ,  add  I ^^  and  /  cs 
since  both  these  currents  feed  into  B  and  Z^^,  feeds  out. 
If  the  currents  are  in  phase  witli  the  voltages,  the  vector 
/££/_  the  sum  of  I  ^^  and  I  ^g.  Fig.  2,  will  represent  the 
current  in  BB'. 

Fig.  3  shows  a  star  generator.  If  voltage  E ^(-  is  de- 
sired, add  E^Q  and  jEq(-  .  If  the  current  in  the  neutral  of 
a  balanced  star  is  desired  Iq,q  =  Igg  -\-  Iq^  -\-  Iq  ^,  Using 
vector  addition,  this  gives  zero  as  the  current  in  the  neutral, 
if  the  currents  in  the  phases  are  equal  and  at  the  same 
power-factor. 

Care  must  be  taken  not  to  confuse  vectors  with  instan- 
taneous currents  or  voltages  in  the  windings.  In  Fig.  4,  (a) 
represents  by  vectors  the  currents  in  a  star,  but  at  no  in- 
stant is  the  current  flowing  as  in  (b)  for  the  current  flow- 
ing in  from  C  to  O  at  a  given  instant  flows  out  from  O  to  J5 
and  O  to  A.  That  is.  for  instantaneous  currents,  Kirchoff's 
law  holds,  the  algebraic  sum  of  all  currents  flowing  to  a 
point  is  zero. 

Relation  Between  Size  and  Horse-Power. 

Some  misunderstanding  is  prevalent  regarding  the  rela- 
tion between  the  size  of  a  motor  and  its  power  output.  The 
size  of  a  motor  is  determined  not  by  its  horse-power  but  by 
its  torque.  The  size  is  determined  in  general  in  such  a  way 
that  it  will  radiate  the  heat  generated  in  its  windings  without 
undue  rise  of  temperature.  If  the  temperature  of  a  ma- 
chine is  constant,  the  amount  of  heat  energy  generated  in 
the  machine  is  equal  to  the  heat  energy  radiated  or  other- 
wise removed  from  the  machine,  as  by  artificial  ventilation. 
The  amount  of  heat  dissipated  is  proportional  to  the  radi- 
ating surface  times  the  difference  in  temperature  between  the 
machine  and  the  surrounding  air.  Since  the  radiating  sur- 
face of  a  given  machine  is  constant,  the  temperature  rise 
above  the  surrounding  air  is  proportional  to  the  amount  of 
heat  energy  radiated,  and  the  temperature  will  rise  until  the 
generation  and  dissipation  of  heat  are  equal.  The  heat  gen- 
erated in  the  windings  is  proportional  to  the  square  of  the 
current  so  that  the  current  a  machine  will  carry  without 
overheating  is  limited.  The  torque  developed  by  a  motor 
is  proportional  to  the  current  times  the  flux.  The  flux 
density  which  can  be  used  is  fixed  quite  definitely  so  that 
with  a  given  size  of  machine,  using  the  best  materials,  the 
flux  is  practically  determined.  This  makes  the  torque  depend 
on  the  current  and  consequently  on  the  size  of  the  machine. 
The  power  output  is  proportional  to  the  torque  times  the 
speed,  so  the  size  of  a  machine  for  a  given  power  output  de- 
pends on  its  speed. 


Our  subscnbers  are  invited  to  use  this  department  as  a  means  of  securing  authentic  information  on  electricaj  and  mechatucal  subjects. 
Questions  concerning  general  engineering  theory  or  practice  and  questions  regarding  apparatus  or  materials  desired  for  particular  needs  will  be 
answered.     Specific  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  cannot  be  supplied  through  this  department. 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  personal  reply  is  mailed  to  each  quesboner 
as  soon  as  the  necessary  information  is  available,  however,  as  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reason- 
able length  of  time  should  be  allowed  before  eitpecting  a  reply.     Care  should  be  used  to  furnish  all  data  needed  for  an  intelligent  answer. 


1 167 — Series  Contactor  —  Kindly  ex- 
|)laiii  to  mc  tile  exact  way  in  wliicli 
the  short-circiiitec!  wiiuling,  referred 
to  in  connection  with  tlie  series  con- 
tactors on  page  159  of  the  Journal  for 
March,  K)i4,  compels  the  Hux  to  pass 
through  the  hold  out  gap  instead  of 
through  the  saturated   section. 

E.  I,.  W.    (MICH.) 

When  the  value  of  flux  passing 
through  a  coil  changes,  a  voltage  is  in- 
duced in  the  coil  whose  value  is  propor- 
tional to  the  nuniher  of  turns  times  the 
rate  of  change  of  flux.  When  the  coil 
is  short-circuited,  a  current  flows  whose 
value  is  proportional  to  the  induced 
voltage.  This  current  is  in  such  a  di- 
rection that  the  magnetomotive- force 
produced  !)y  it  is  opposed  to  the  change 
in  flux.  Hence,  when  the  flux  has  an 
alternate  path,  even  thougli  this  has  a 
greater  reluctance,  most  of  it  will  pass 
around  the  sliort-circuited  coil  rather 
than  through  it  at  first,  a  balance  being 
maintained  between  the  current  in  the 
coil  and  the  rate  of  increase  of  flux 
tlirough  the  coil,  so  that  the  flux 
through  the  coil  increases  rather  slow- 
ly. As  stated  in  the  article  this  action  is 
only  temporary,  but  it  is  necessary,  as 
otherwise  there  would  be  an  instant  be 
fore  the  flux  had  built  up  to  its  full 
value,  when  the  saturated  section  would 
not  yet  have  become  saturated  and  the 
.switch  would  close,  instead  of  holding 
open  until  the  current  drops  down  to  a 
predetermined  value.  The  short-cir- 
cuited coil  entirely  prevents  such  action. 

c.  R.  R. 

1168 — Cooper-Hewitt     Rectifier  —  Is 

there  an>   material  which  t.:an  be  sub- 
stituted  for  mercury   in   an  arc   recti- 
fier?    For  instance,  would   fused  lead 
break  up   into  vapor   with    a   flow   of 
current,    or    could    an    acid    be    used? 
What    theory    has    been    evolved    re- 
garding the  negative  electrode  resist- 
ance? H.  H.  n.  (calif.) 
Theoretically  any  conducting  material 
may  be   used   as   a   cathode   in   a   vapor 
rectifier.     Because  mercury   is  liquid  at 
ordinary   temperatures,   it   has  been   the 
most   commonly  used   cathode   material, 
but   it    is    entirely   conceivable    that    the 
cathode  could  be  of  lead  or  any   other 
metal,  if  mechanical  considerations   will 
Dcrmit  operation  at  temperatures  where 
this    material    is    liquid.      There    is    no 
one  accepted  theory  in  regard  to  nega- 
tive    electrode     resistance.       See     the 
Journal,  Vol.   IX,  0.  561,  and  "Trans- 
actions of  lUuminaling  Enqinccrinq  So- 
cictv."  Vol.  VIII,  No.  2.  p!  75.      s.  w.  F. 
1169 — Balance  Set — We  have  a  direct- 
current,   JJ5    volt,    three-wire    lighting 
equipment,  part   of   which  consists  of 
a    225    volt    turbine-generator    and    a 
balancer   set    to   maintain    a   balanced 
voltage    when    this    machine    is    run. 
We  use  this  eauipment  when  the  load 


falls  below  350  amperes.  The  am- 
meters on  the  balancer  never  show 
more  than  from  50  to  60  amperes  on 
cither  side  and  as  the  balancer  is 
good  for  150  amperes  at  the  rated 
voltage  across  both  machines,  the 
balancer  is  of  ample  size.  The  regu- 
lation while  running  this  equipment  is 
poor  and  requires  very  frequent  ad- 
justment of  the  lialancer  rheostats. 
The  main  generator  voltage  is  O.  K. 
and  keeps  the  voltage  across  the  225 
volt  lines  constant.  The  connections 
of  the  balancer  set  arc  shown  in  Fig. 
1169  (a).  Please  advise  if  the  bal- 
ancer could  be  so  connected  that  the 
fields  of  the  balancer  would  regulate 
automatically.  It  is  nothing"  more 
than  a  motor-generator  set  now  the 
way  they  are  connected. 

D.  R.  (dIST.  OFCOL.  ) 

The  connection  scheme  lor  the  com- 
pound wound  direct-current  balancer 
set    given    in    Fig.    1169  (a)    shows    the 


FIG.  1 169  (a)  Axi)  (b) 

shunt  fields  of  eacli  unit  of  the  set  con- 
nected across  the  same  side  of  the  line 
as  its  armature  and  the  series  field  of 
cacli  unit  connected  in  series  with  its 
own  armature.  This  connection  gives 
the  poorest  inherent  voltage  regulation 
of  any  of  the  several  which  can  be  used 
and  gives  also  the  minimum  protection 
against  instability  and  flash  over  on 
sudden  heavy  peak  loads.  The  best 
connections  for  close  inherent  voltage 
regulation  and  maximum  stability  over 
wide  load  range  are  secured  by  crossing 
both  shunt  and  series  field  as  shown  in 
Fig.  1160  (b).  The  shunt  field  of  unit 
I  is  connected  on  the  side  of  the  neu- 
tral wire  on  which  the  armature  of 
unit  ^  is  connected;  the  series  field  of 
unit  ;  is  connected  in  series  with  the 
armature  of  unit  3.  Similar  oonnec- 
lions  are  made  for  the  shunt  and  series 
field  of  unit  2.  Making  the  changes 
in  connections  outlined  above,  the  di- 
rection of  flow  of  the  current  in  the 
shunt  fields  of  both  units  would  remain 
unchanged.  The  connection  of  the 
series  fields  of  both  units  would  be 
such  that  when  the  set  is  running  light 
(that  is,  with  the  load  balanced)  both 
machines  would  operate  as  compound 
wound  motors,  the  scries  field  excita- 
tion   assisting    that   of    the    shunt    field. 


On  unbalanced  load  'the  set  acting  as 
motor-generator)  the  direction  of  cur- 
rent flow  in  the  series  field  of  the  mo- 
tor (which  is  connected  in  series  with 
the  armature  of  the  generator)  re- 
verses, so  that  the  series  field  excita- 
tion opposes  the  shunt  field  excitation 
of  the  motor;  that  is,  it  operates  as  a 
differentially  wound  compound  motor. 
The  direction  of  flow  of  current  in  the 
generator  series  field  remains  un- 
changed, in  other  words  the  compound- 
ing on  the  generator  is  cumulative,  the 
series  field  excitation  assisting  that  of 
the  shunt  field.  In  making  these 
changes  the  German  silver  shunts  for 
the  series  fields  on  the  two  machines 
will  probalily  have  to  be  readjusted  to 
secure  the  desired  compounding  over 
the  entire  load  range  of  tlie  set.  Mak- 
ing this  adjustment  tlie  balancer  should 
be  operated  running  liglit  and  the  volt- 
age adjusted  for  perfect  balance  by 
proper  setting  of  the  shunt  field  rheo- 
stats. Full  generator  load  sliould  then 
be  put  on  one  side  of  the  neutral  and 
the  German  silver  shunts  for  the  series 
fields  adjusted  to  give  proper  com- 
pounding of  voltage.  The  unbalanced 
load  should  then  be  transferred  to  the 
other  side  of  the  set ;  approximately 
the  same  voltage  division  should  be  se- 
cured at  full  load  with  unbalanced  load 
on  either  machine.  Slight  discrepancy 
in  voltage  balance  may  make  it  neces- 
sary to  follow  through  this  system  sev- 
eral times  to  get  the  best  compromise 
voltage  regulation  under  different  con- 
ditions. See  article  on  "Direct-Cur- 
rent Balancer  Sets"  in  the  JotTRN..\L  for 
Nov.,  '12.  p.   1036.  A.  c.  L. 

1170 — Use  of  200  Volt  Lamps— I  have 
one  7.S  kw.  three-phase  and  one  120 
kw,  three-phase.  200  volt  alternator. 
We  use  balancing  coils  for  100  volt 
lamps  and  use  200  volt  lamps  direct, 
but  we  have  had  considerable  trouble 
in  getting  the  100  and  200  volt  lamps 
and  are  obliged  to  pay  10  cents 
each  niore  for  the  200  volt  tungsten 
lamps  than  for  the  100  volt  lamps. 
Would  it  be  advisable  to  use  single 
rr  three-phase  200  to  no  volt  trans- 
formers for  each  floor  of  60  lamps 
each,  so  that  we  could  use  the  regu- 
lar  no  volt  lamns? 

M.  s.  (new  jersey) 
If  the  use  of  100  volt  lamps  is  satis- 
factory, would  advise  using  "single- 
phase  balance  coils  and  running  three- 
wire  lighting  circuits  with  100  volts  be- 
tween neutral  and  each  outside  wire. 
By  this  means  the  use  of  200  volt 
lamps  can  be  done  away  with.  If  the 
amount  of  lighting  load  is  sufliciently 
large  it  would  nrobably  be  best,  in 
order  to  prevent  unbalancing  of  the 
generator  voltage,  to  place  a  balance 
coil  across  each  phase  and  thus  divide 
the  load  up  amonc  the  three  phases. 
Of  course  circuits  from  different  phases 


THE  ELECTRIC  JOURNAL 


127 


must  be  run  independently.  If  the  dif- 
ficulties of  obtaining  100  volt  lamps  are 
too  great  it  would,  of  course,  be  bet- 
ter to  install  200-no  volt  transformers. 
Probably  it  would  be  advisable  to  use 
single-phase  transformers  and  distrib- 
ute tliem  in  such  a  way  as  to  balance 
the  load  on  the  three  phases.  The  ques- 
tion as  to  whether  it  is  better  to  use 
balance  coils  or  transformers  is  eti- 
tirely  a  commercial  one  depending  upon 
the  relative  cost  of  the  100  and  no 
volt  lamps.  The  transformers  will  cost 
somewhat  more  tlian  balance  coils  and 
sliould  not  be  used  unless  the  added 
cost  is  balanced  by  the  convenience  of 
the   110  vdlt  lamps.  w.  M.  M. 

1171 — Grounded  Neutral — A  and  B, 
Fig.  1171  (a)  represent  the  seconda- 
ries of  two  sets  of  transformers  con- 
nected in  parallel  to  feed  a  coinmon 
circuit  C.  Will  the  grounding  of  the 
neutral  on  the  star  connected  group 
reduce  the  maximum  difference  of 
potential  between  any  part  of  the  line 
to  ground  from  10  000  volts  (line 
voltage)  to  practically  5  770  volts, 
notwithstanding    the    delta    connected 

group?  J.  D.  p.  (PENN.A.) 

If  the  neutral  of  the  star  connected 
group  is  solidly  grounded  without  any 
appreciable  resistance,  the  potential  to 
ground  of  any  part  of  the  system  will 
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be  limited  to  5770  volts.  This  includes 
the  delta  connected  transformers  which 
are  connected  to  this  line,  but  does  not 
include  the  primaries  of  the  trans- 
formers, c.  R.  R. 
1 1 72 — Transformer  Connections — Fig. 
1172  (a)  shows  an  1 1  000  volt  delta- 
connected  line  from  a  water  power 
plant  connected  to  an  iioco  volt  line 
that  used  to  be  star-connected.  I  would 
like  to  know  what  effect  the  ground 
has  on  the  delta.  We  formerly  gen- 
erated at  4000  vclts  star  and  step- 
ped up  to  IIOCO  volts  star,  and  as 
■we  now  get  our  supply  from  water 
power  and  our  11  000  volt  line  is  con- 
nected to  the  same  bus.  it  also  be- 
comes delta.  The  ground  has  never 
Ijeen  cut  loose.  Would  you  advise 
cutting  the  ground  connection  and 
connecting  all  transformers  on  the 
line  star,  or  should  we  get  11  000  volt 
transformers?  This  latter  alterna- 
tive will  be  quite  expensive.  On  two 
different  occasions  we  have  had  two 
spans  of  No.  2  wire  burned  down  on 
two  different  banks  of  transformers 
that  were  not  connected  together  in 
any  way  except  on  the  primary  side, 
and  we  would  like  to  know  if  the 
above  condition   was  the  cause. 

J.  G.  w^.  (C.\LIF.  ) 
A  system  with  its  neutral  grounded 
as  shown  by  Fig.  1172  (a)  should  oper- 
ate entirely  satisfactorily.  However,  it 
is  generally  considered  better  practice 
to  ground  the  neutral  through  a  resist- 
ance in  order  to  limit  the  current  that 
will  flow  in  case  one  line  becomes 
grounded.  There  is  no  objection  to 
having  the  transformers  connected  in 
star  on  one  side  when  they  are  con- 
nected   delta    on    the    other    side.      The 


burning  down  of  the  spans  of  wire 
mentioned,  if  they  were  on  the  sec- 
ondary side  of  the  transformers,  can- 
not be  due  to  the  grounded  neutral  on 
the  primary  side.  Referring  to  the 
bank    of    transformers    marked    "Open 
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Delta     Power"     in     Fig.     1172  (a),     it 
should   be   noted   that   if   the   neutral    is 
opened  at  points  marked  X  and  the  line 
between     these     points     cleared      from 
ground,     that     the     two     transformers 
forming    this    bank    will    be    thrown    in 
series  across   one   phase   of   the   system. 
This   bank   would    then    form   a   single- 
jiliase  arrangement  with  two  transform- 
ers in  series  and  a  lead  from  the  middle 
point.     This  arrangement  will  not  oper- 
ate very  satisfactorily,  as  it  will  be  nec- 
essary  to  have   the   load  from  the  two 
halves   exactly  equal  in   order  to   main- 
tain equal  voltage  across  the  two  trans- 
formers.     If    the    neutral    lead    is    not 
opened,  then  this  bank,  which  is  of  the 
reversed  V  connection,  will  operate  sat- 
isfactorily     whether      the      neutral      is 
grounded    or    not.      Part    of    the    load 
drawn  from  this  bank  will  pass  through 
the  neutral  lead  and  will  be  supplied  by 
the    other    banks    of    transformers    that 
are      connected      star-delta;      therefore, 
the     star-delta     banks     must     be     large 
enough  to  carry  their  load  plus  appro.x- 
imately  one-third  of  the  load  delivered 
liy  the  reverse  V  connected  bank.  j.  p.  p. 
1173 — Open    Delta — Can    the    connec- 
tion   shown    in    Fig.     1173     (a)     and 
(b)   be  referred  to  as  open  delta  or 
V-connections,   or   would   it   be   more 
accurate  to  designate  the  connections 
shown  at    (b)    by   some   other   name? 
If  so,   what  name  should  be  applied? 
c.  H.  T.  (mo.) 
The     angular     distance     between     the 
voltage   on   any   two   phases   of   a   corn- 


I 

2200  V 


40(XJ  V       4000  V.      2200  V 


4000  V 
J 


(b) 
FIG.    1 173    (a)    .-SiND    (b) 

plete  delta  connected  bank  is  60  de- 
grees, when  measured  around  the  apex 
forming  the  junction  of  these  two 
phases.  With  the  phases  connected  as 
indicated  in  Fig.  1173  (a),  at  X.  the 
voltages  of  these  two  phases  are  60  de- 


grees apart  and  therefore   it   would   be 
quite   proper   to   call   this   an   open-delta 
or  V  connection.     With  the  phases  con- 
nected  as    indicated    by    Fig.    1173    (b), 
at    A'    the    voltages    of    the    two    phases 
are   120  degrees   apart.     This   is  a  con- 
dition that  does  not  exist  in  a  complete 
delta    bank    and,    therefore,    it    is    not 
proper  to  call  this  an  open  delta.     This 
connection    has    frequently    been    desig- 
nated as  a  reverse  V  connection.     This 
seem.s   appropriate   in   view   of   the    fact 
that  if  one  phase  of  the  open  delta  or 
V  connection  is  reversed,  that  is,  shifted 
180  degrees,  then  the  voltage  of  the  two 
phases  are   120  degrees  apart.         j.  f.  p. 
1 1 74 — Insulated     Haul     Rope — 1     am 
operating   on   an   elevated    wire    cable 
an  automatic  load  carrier  which  runs 
one  way  by  gravity.     To  the  load  car- 
rier is  attached  a  haul  or  hoist  rope 
(steel)   one-half  inch  in  diameter,  the 
otlier  end  of  which  is  attached  to  an 
electrical   boosting  drum   12   inches   in 
diameter.    I  want  to  convey  electricity 
for  lights  liy  means  of  this  haul  rope 
'to    the   traveling   conveyor.      Is    there 
any  way  an  insulated  wire  can  be  en- 
closed   in    this    haul    rope    to    accoin- 
idish  this  purpose?  c.  E.  B.  (coLO. ) 

It  would  be  possible  to  build  such  a 
steel  haul  rope  by  insulating  a  flexible 
copper  conductor  with  a  good  rubber 
coating  containing  at  least  30  percent 
Para  rubber  which  should  be  protected 
with  a  double  weather-proof  braid. 
Around  this  might  possibly  be  wrapped 
a  ]>rotective  coating  of  jute  and  the 
stranded  steel  cable  wrapped  around  this 
central  core.  If  the  current  is  small  and 
the  length  of  cable  not  great,  it  would 
be  possible  to  use  a  single  conductor  and 
to  use  the  steel  cable  as  a  return  con- 
ductor. If  any  considerable  amount  of 
current  is  to  be  carried  or  if  the  cable 
is  very  long,  the  reactance  of  the  steel 
cable  would  probablv  cause  a  prohibi- 
tive drop.  In  this  case  it  would  be 
necessary  to  use  a  twin  copper  conduc- 
tor in  the  central  core.  There  would 
be,  O'f  course,  no  difficulty  in  making 
the  electrical  connections  at  the  con- 
veyor, but  the  connections  to  the  other 
end  of  the  cable  would  probably  have 
to  be  made  to  a  slip  ring  on  the  druin. 

R.  E.  D. 

1 1 75 — Electro-Percussive     Welding  — 

Referring  ti>  the  article  on  electro- 
percussive  welding  which  appeared  in 
the  Journal  for  November,  '14.  I 
would  like  additional  information 
concerning  Fig.  8,  showing  a  method 
of  splicing  aluminum  cables.  I  can- 
not see  why  the  short  copper  wires 
are  inlerposed  between  the  aluminum 
wire  when  it  is  possible  to  join 
aluminum  wires  by  the  electro-per- 
cussive art.  Furthermore,  why  is 
the  copper  wire  wound  around  the 
copper  wire?  D.  T.  H.  (new  YORK.) 

It  is  necessary  to  weld  short  nieces 
of  copper  wire  on  the  end  of  each 
strand  of  the  aluminum  cable  so  as  to 
provide  a  metal  which  can  be  spliced 
together  in  the  usual  way  by  soldering 
or  clamping.  It  is  true  that  the  electro- 
percussive  method  will  weld  together 
aluminum  wire,  but  with  stranded  ca- 
bles it  is  evident  that,  as  soon  as  one 
strand  of  each  of  the  two  cable  ends 
is  welded  together,  there  will  be  a 
short-circuit  around  the  remaining 
welds  and  the  work  cannot  be  contin- 
ued for  the  other  strands.  Each  cable 
end  is,  therefore,  prepared  with  a  sepa- 
rate piece  of  copper  wire  welded  to 
each  strand  and  then  these  copper  wires 
are  spliced  together  in  the  usual  way. 
The  copper   wire   is   wound  around   the 
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copper  strands  in  making  the  splice  of 
the  ends   of  copper  wire.     The   definite 
reason    for    this    kind    of    a    splice    in 
aluminum  conductors  is  to  eliminate  tlie 
troubles      due      to      oxidation      in      the 
clamped  joints  between  aluminum  con- 
ductors. L-  W.  C. 
1176 — Carrying  Capacity  of  Bus-Bars 
—Please   inform  me  wlicre  1   may  be 
able  to  obtain  information  on  the  car- 
rying capacity  of  bus-bars. 

R.  J.  D.  (OHIO) 

On  direct-current  circuits  a  capacity 
of  I  000  amperes  per  square  inch  i> 
generally  satisfactory  for  laminations 
not  exceeding  one- fourth  inch  in 
thickness  and  spaced  one-fourth  inch 
apart.  It  is  better  to  use  one-eighth 
inch  laminations  as,  for  the  same 
weight  of  copper,  the  one-fourth  inch 
laminations  will  carry  only  40  percent 
more  current  than  the  one-eightli  inch 
laminations  for  the  same  temperature 
rise.  The  general  rule  is  that  tlic  car- 
rying capacity  varies  as  the  square  root 
of  the  multiple  of  thickness,  so  that 
doubling  the  thickness  will  increase  the 
carrving  capacity  1.4  times  for  the  same 
temperature  rise.  For  alternating- 
current  circuits  so  many  variables  enter 
into  he  problem  that  it  is  difficult  to 
state  a  general  rule.  In  general  for 
single  straps  as  much  alternating-cur- 
rent can  be  carried  as_  direct  current. 
For  multiple  straps  it  is  not  advisable 
to  exceed  400  amperes  per  square  inch 
on  60  cycles  and  600  amperes  per  square 
inch  on  25  cycles.  All  the  above  state- 
ments are  based  on  a  temperature  rise 
of  the  hottest  part  of  the  copper  not  to 
exceed  ,?o  degrees  C.  n.  a.t. 

1177 — Building  up  Exciter  Field — 
Difificulties  have  been  encountered  in 
building  up  the  field  on  a  25  kw,  125 
volt,  200  ampere  exciter,  direct  con- 
nected to  a  motor-generator  set. 
This  trouble  invariably  occurs  after 
the  machine  has  been  cleaned,  which 
is  once  a  week,  air  under  a  pressure 
of  75  pounds  per  square  inch  being 
used  to  blow  out  the  dust.  Is  there 
any  possibility  that  the  magnets  lose 
some  of  their  residual  magnetism  due 
to  tlie  slight  vibration  or  jar  that 
might  result  from  having  the  nozzle 
of  the  air  hose  too  close  to  the  pole 
piece?  s.  R.  w.  (nisT.  oFcoi..) 

The  vibration  due  to  air  blast  would 
not  account  for  failure  of  the  generator 
to  build  up.  The  most  likely  source  of 
difficulty  is  poor  contact  in  the  exciting 
circuit.  All  electrical  connections 
should  be  checked  to  insure  good  tight 
contacts.  If  these  are  all  right,  it  is 
probable  that  the  brush  contact  has  been 
impaired.  Such  might  be  the  case  if 
the  air  blast  were  so  directed  as  to 
force  dirt  particles  under  the  brushes, 
or,  if  the  brushes  were  raised  in  the 
holders,  they  might  fail  to  seat  properly 
when  released,  because  of  dirty  con- 
tacts, insufficient  brush  pressure,  or  a 
tendency  to  stick  in  the  holders.  Due 
to  the  low  voltage  ;  t  which  the  ma- 
chine starts  to  excite,  a  •■linimum  resist- 
ance in  the  exciting  circuit  is  necessary; 
good  brush  contact  is  therefore  im- 
portant. Occasional  instances  havt 
been  kriown  where  machines  were  ex- 
posed to  chemical  re-agents — sulphur 
fumes,  for  example,  which  attacked  the 
commutator.  After  a  neriod  of  rest 
these  formed  an  insulating  layer  which 
prevented  the  machine  from  building 
up  unless  the  commutator  was  scoured. 

R.  H.  T. 


1 1 78 — The  Design  of  Series  Trans- 
formers— What  arc  the  character- 
istics which  distinguish  the  design 
of  a  series  transformer  from  the 
ordinary  shunt  transformer  for 
power?  Please  explain  theoretic- 
ally how  the  design  is  modihed  to 
maintain  an  accurate  ratio  between 
primary  and  secondary  current. 
How  is  the  phase  angle  between 
secondary  and  primary  kept  small 
under   tlie   same   conditions. 

F.  B.   (wash.) 

In  a  current  transformer  the  factor  of 
most  importance  is  the  iron  loss  which 
must  be  kept  as  low  as  possible  to  main- 
tain accurate  ratio  and  small  phase 
angle.  In  Fig.  1178  (a)  the  total  pri- 
mary ampere-turns  are  represented  by 
OIp.  This  is  the  vector  .sum  of  two  fac- 
tors— 01,    (the    exciting    current)    and 
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OIw  (the  working  current).  OIw  is 
equal  to  the  secondary  current  OI,. 
The  difference  between  OIp  and  OIw 
represents  roughly  the  ratio  error  and 
the  angle  IwOI,.  represents  the  error  in 
phase  angle.  The  ratio  error  can 
largely  be  eliminated  by  compensation 
(increasing  the  ratio  of  primary  to  sec- 
ondary turns).  If  01,,  be  constant  it  is 
evident  that  increasing  OU  will  increase 
both  the  ratio  error  and  the  phase  angle. 
Also  if  for  a  given  current  Ole  be  con- 
stant then  decreasing  the  ampere-turns 
01,,  (by  decreasing  the  number  of 
turns)  will  increase  both  the  ratio  error 
and  the  phase  angle.  It  is,  therefore, 
evident  that  in  a  current  transformer 
the  iron  must  be  worked  at  low  density 
and  also  the  amount  of  iron  used  be 
kept  as  small  as  possible.  The  relative 
amount  of  copper  to  iron  is,  therefore, 
larger  in  current  transformers  than  in 
contant  potential  transformers.  To 
show  the  effects  of  iron  loss  the  magrii- 
tiidc  of  the  core  loss  and  magnetizing 
currents  has  been  considerably  exag- 
gerated in  the  diagram.  The  vectors 
give  a  good  idea  of  the  effects  of  these 
elements,  but  should  not  be  regarded  in 
any  way  as  their  measure,  as  the  iron 
loss  elements  in  reality  are  extremely 
small.  w.  R.  w. 

1 1 79  —  Transmission  Lines  —  (a) 
Should  a  transmission  line  be  so 
arrange<l  that  the  capacitance  will 
neutralize  the  reactance?  (b)  Will 
not  such  an  arrangement  result  in 
resonance?  (c)  What  bad  effects 
will  be  caused  by  resonance  if  pro- 
duced  under   such   conditions? 

c.  s.   (iix.) 

(a)  The  capacitance  of  a  transmission 
line  is  similar  to  a  condenser  comiected 
as  a  shunt  across  the  line.  Its  effect  is, 
therefore,  dependent  on  the  line  voltage, 
and  is  independent  of  the  amount  of  the 
load  on  the  line.  The  reactance  of  the 
line  is  in  series  with  the  line  conductors, 
and  its  effect  is  dependent  on  the  amount 
of  the  load.  Even  if  it  were  possible,  by 
altering  the  design  of  a  transmission 
line  within   commercial   limits,   to  make 


any  substantial  diange  in  the  relative 
capacitance  and  reactance,  it  would  only 
be  possible  to  make  an  adjustment  for  a 
.single  value  of  load  so  that  tlie  rise  in 
voltage  due  to  line  capacitance  would 
neutralize  the  drop  due  to  that  particular 
load  current  flowing  through  the  line  re- 
actance. The  charcteristics  of  the  line 
.should  be  designed  because  of  other 
considerations.  What  is  really  necessary 
is  to  avoid  voltage  variation  and  the 
line  capacitance  has  very  little  effect  on 
voltage  variation.  The  effect  of  line  ca- 
pacitance is  discussed  in  the  Jovrn'.\l  for 
Sept..  1913,  p.  83S.  The  practical  meth- 
od of  reducing  voltage  variation  is  by 
olianging  the  reactive  component  of  the 
load  current  by  large  synolironous 
phase  modifiers,  (b)  An  arrangement 
whereby  the  rise  in  voltage  due  to  line 
capacitance  would  neutralize  the  drop  in 
voltage  due  to  a  certain  load  current 
would  not  generally  produce  resonance, 
(c)  Resonance  as  generally  understood, 
would  produce  the  bad  effect^  of  wave 
distortion,  and  dangerously  high  volt- 
ages. One  example  is  when  the  length 
of  the  line  is  equal  to  a  quarter  wave 
length  eitlier  for  the  generator  fre- 
quency or  some  harmonic.  In  such  a 
case  the  voltage  at  the  open  end  of  the 
line  at  no  load  may  be  ten  or  more 
times  the  impressed  voltage  at  the  res- 
onant frequency,  but  this  is  not  a  matter 
of  very  practical  importance  at  present. 
It  is  assumed  in  the  above  that  the 
questioner  is  not  inquiring  aliout  tran- 
sient pheiiomena  at  higher  frequencies, 
but  only  about  phenomena  at  the  genera- 
tor frequency  or  at  simple  harmonics 
thereof.  h.b.  D. 

1 180 — Circulating  Current  in  Genera- 
tor Frame — We  ha^■c  two  200  k.  v. 
a.,  two-phase.  60-cycle.  440-volt, 
revolving  field  alternators;  both 
machines  are  bolted  to  the  same 
bedplate  and  are  driven  through  a 
flexible  coupling  by  two  Pelton 
water  wheels  at  600  r.  p.  m.  One 
of  these  machines  appears  to  have 
a  large  circulating  current  through 
the  shaft  and  pedestals  and  frame. 
This  circulating  current  heats  one 
bearing  very  hot.  The  current 
may  be  detected  by  connecting  an 
ammeter  between  the  shaft  and 
frame  when  the  machine  is  run- 
ning. The  two  machines  are  iden- 
tical, yet  only  one  has  this  circula- 
ing  current.  These  generators  are 
connected  to  Scott  connected 
transformer;;,  ratio  440  to  II 000, 
and  there  is  some  unlialancing  no- 
ticeable on  the  two  phases.  Can 
you  tell  me  what  causes  this 
trouble  and  how  to  remedy  it? 

W.    J.    C.     (COLO.) 

The  circulating  current  is  possibly  due 
to  the  reluctances  of  the  magnetic  paths 
being  of  different  value.  This  variation 
in  reluctance  may  be  due  to  any  one  of 
several  causes,  but  in  this  particular  case 
it  may  be  due  to  variations  in  the 
material  or  the  manner  in  whicli  the 
cores  are  built  up.  The  most  satisfac- 
tory way  of  elimin.xting  this  circulating 
current  is  to  insulate  one  of  the  pedestal 
bearings  from  the  bed-plate  by  means 
of  a  very  thin  fiber  insulating  washer. 
In  most  cases  it  is  not  necessary  to  in- 
sulate the  pedestal  holding-down  bolts. 
In  extreme  cases,  however,  it  is  neces- 
sary that  they  be  insulated  also. 

R.  .\.  N. 
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PERSONALS 


INTERNATIONAL    ENGINEERING 
CONGRESS.   1915 


Mr.  E.  P.  Roberts,  commissioner  ol 
smoke  abatement  of  Cleveland  (Ohio), 
has  resigned  and  reopened  his  office  as 
consulting  engineer.  In  addition  to 
consulting  work  for  electric  railroads, 
electric  light  and  other  public  utility 
corporations  and  manufacturing  plants 
alonp-  the  lines  of  his  practice  from 
1S03  to  1912.  Mr.  Roberts  will  also 
make  a  specialtj'  of  smoke  abatement 
work. 


Mr.  T.  S.  Grubbs,  formerly  auditor 
and  secretary  of  The  Westinghouse 
Machine  Company,  has  been  elected 
secretary  and  assistant  treasurer  of  the 
Union  Switch  &   Signal  Company. 


Mr.  A.  S.  Baldwin,  manager  of  the 
Best  Mfg.  Company,  Pittsburgh  and 
Oakmont,  Pa.,  has  resigned.  Mr. 
Baldwin  was  formerly  general  manager 
of  the  Alberger  Pump  &  Condenser 
Co.,  Newburgh,   New  York. 


John  P.  Bell,  who  will  succeed  A.  B. 
Saurman  as  Pacific  coast  manager  of 
the  Standard  Underground  Cable  Com- 
pany, entered  the  employ  of  the  Com- 
pany at  Pittsburgh,  Pa.,  in  1896,  where 
he  has  been  located  until  transferred 
to  the  Pacific  coast.  For  the  past  ei.ght 
years  Mr.  Bell  lias  been  the  assistant 
secretary  and  treasurer  of  the  Com- 
pany. 


Mr.  \V.  B.  Underwood,  formerly  of 
the  electric  heating  department  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, and  more  recently  electrical  engi- 
neer of  the  American  Sterilizer  Com- 
pany of  Erie.  Pa.,  has  accepted  the  po- 
sition of  electrical  engineer  of  the  Wil- 
niot  Castle  Company,  manufacturers  of 
sterilizers  and  bacteriological  apparatus, 
Rochester,  N.  Y. 


_  Mr.  E.  M.  Breed,  who  for  the  past 
eight  years  has  been  district  manager 
of  the  Canadian  Allis-Chalmers,  Ltd.. 
with  headquarters  at  Vancouver,  has 
been  appointed  district  manager  of  the 
Pelton  Water  Wlieel  Company,  with 
headquarters  at  Vancouver.  Previous 
to  becoming  manager  for  tlie  Canadian 
Allis-Chalmers  Company,  he  was  with 
the  sales  force  of  the  Canadian  West- 
inghouse Company  at  Montreal. 


Mr.  A.  B.  Saurman.  for  the  past 
twelve  years  Pacific  coast  manager  for 
the  Standard  Underground  Cable  Com- 
pany, has  been  appointed  Southeastern 
manager  of  tlie  Company  (succeeding 
the  late  Mr.  T.  E.  Hughes)  with  head- 
quarters in  Philadelphia.  He  became 
associated  with  the  Company  in  Phila- 
delphia in  1893,  and  has  therefore  been 
connected  with  the  Standard  Company 
for  over  21  years,  and  during  the  period 
of  its  greatest  growth  and  development. 
He  has  long  been  prominently  identified 
with  electrical  interests  upon  the  entire 
Pacific  coast  and  has  co-operated  in  the 
working  out  of  many  of  the  important 
problems  of  the  past  decade  in  con- 
nection with  electrical  distribution  in 
that  territory. 


The  Electrical  Engineers  Equipment 
Company.  Chicago,  has  just  issued  Bul- 
letin No.  104,  which  covers  Bus-Bar 
Clamps,  Cable  Racks.  Floor  Boxes,  In- 
sulating Compound,  Malleable  Pipe  and 
Switchboard   Fittings. 


September  20-21,    San   Francisco,   Gal.. 
U.  S.  A. 


The  technical  success  of  the  Interna- 
tional Engineering  Cor.eress  is  now 
well  assured.  Notwithstanding  the  dif- 
ficulties arisin.g  as  a  result  of  the  pres- 
ent European  war,  the  committee  on 
papers  is  able  to  count  on  from  200  tc, 
250  papers  and  reports  covering  all 
phases  of  engineering  work  and  con- 
tributed by  authors  representing  some 
18  different  countries.  The  Congress 
will  therefore  be  truly  international  in 
scope  and  character,  although  the  rep- 
resentation from  the  countries  involved 
in  the  European  war  will  naturally  be 
less  than  originally  planned.  The  pa- 
pers are  now  rapidly  coming  in  and 
their  character  gives  the  fullest  assur- 
ance that  the  proceedings  will  form  a 
most  important  collection  of  engineer- 
ing data,  and  a  broad  and  detailed  re- 
view of  the  progress  of  engineering  art 
during  the  past  decade.  The  committee 
of  management  is  now  issuing  to  all 
important  engineering  societies,  in  this 
coiintry  and  abroad,  invitations  to  ap- 
pomt  official  delegates  to  attend  the  ses- 
sions of  the  Congress,  and  the  presence 
of  a  considerable  body  of  such  dele- 
gates is  well  assured.  Membership  in 
the  Congress  with  the  privilege  of  pur- 
chasing any  or  all  of  the  volumes  of 
tlie  proceedings  is  open  to  all  inter- 
ested in  engineering  work.  For  partic- 
ulars, address  Mr.  W.  A.  Cattell  sec- 
retary. 417  Foxcroft  Building.'  San 
hrancisco,   Calif. 


BRITISH  WESTINGHOUSE  BUYS 

FRENCH  AND  ITALIAN 

COMPANIES 


The  Westinghouse  Electric  &  Mfg. 
Company  of  Pittsburgh,  Pa.,  has  sold 
Its  interest  in  its  French  subsidiary,  the 
Societe  Anonyme  Westinghouse  ot 
Paris,  to  the  British  Westinghouse 
Electric  &  Mfg.  Company,  Ltd."  The 
sale  includes  the  control  of  the  Italian 
subsidiary,  the  Societa  Italiana  West- 
ingliouse.  which  was  held  by  the  French 
company.  The  .\merican  company  re- 
ceives in  exchange  certain  British 
traction  and  railroad  securities,  and 
since  the  .\merican  companv  holds  con- 
trolling interests  in  the  British  com- 
pany, it  will  lose  no  control  over  the 
other  companies  by  this  sale.  The 
European  companies  are  in  excellent 
condition. 


NEW  BOOKS 


"Valuation  of  Public  Service  Corpo- 
rations"— Robert  H.  Whitten.  Sup- 
plement 1914,  571  pages.  Published 
by  Bank  Laws  Publishing  Company, 
New  York. 

In  the  first  volume  of  this  impor- 
tant subject  as  prepared  by  Mr.  Whit- 
ten in  1912  is  set  forth  the  most  com- 
plete and  advanced  ideas  then  prevail- 
ing on  the  principles  of  valuation. 
The  growth  of  governmental  and  state 
regulation,  the  action  of  courts  and 
cornmissions  on  recent  cases,  and  the 
activities  of  various  engineering  and 
economic  societies  have  also  contrib- 
uted to  a  better  understanding  of  this 


the  more  or  less  complicated  problem. 
However,  as  in  the  original  volume, 
the  supplement  mainly  comprises  ab- 
stracts and  citations  from  court  and 
commission  decisions  on  the  dififerent 
factors  entering  into  the  valuation  of 
the  property  of  a  public  utility.  It  is 
interesting  to  observe  the  part  that 
the  different  state  commissions  have 
taken  in  laying  down  new  precedents 
and  also  in  their  efifort  to  distinguish 
and  identify  the  many  elements  that 
are  probably  part  of  the  cost  of  pro- 
viding a  property.  Owing  to  the 
prominence  of  the  author's  first  vol- 
ume, little  emphasis  need  be  given  to 
the  value  of  the  supplement  which  has 
just  been  issued.  It  is  of  like  impor- 
tance to  courts,  commissions  and  util- 
ities and  to  those  who  are  associated 
therewith  in  either  legal,  administra- 
tive or  technical  capacities.  New 
chapters  on  contracts,  water  power 
and  patent  rights  have  been  added 
which  will  evidently  be  of  much  value. 

E.  D.  D. 


"Principle  and  Practice  of  Electrical 
Engineering" — Alexander  Gray.  391 
pages,  449  illustrations.  Published 
by  McGraw-Hill  Book  Company. 
Price.  $3.00. 

This  is  a  text-book  based  on  a  lecture 
and  laboratory  course  given  by  the  au- 
thor at  McGill  University  to  senior 
civil,  mechanical  and  mining  engineer- 
ing students.  It  is  thus  intended  for 
those  who  do  not  specialize  in  electrical 
work,  but  desire  to  obtain  a  general  view 
of  the  principles  and  practice  of  elec- 
trical engineering  in  a  limited  amount 
of  time.  Fundamental  principles  are 
outlined  in  an  interesting  manner. 
Practical  problems  with  their  solutions 
are  ^  interspersed  throughout  the  text. 
Beginning  with  an  elementary  discus- 
sion of  electro-magnetism,  work  and 
power,  electric  circuits  and  resistance, 
cliapters  are  devoted  to  rheostats,  solen- 
oids, armature  windings,  theory  of 
commutation,  armature  reaction,  char- 
acteristics and  construction  of  direct- 
current  generators  and  motors  and 
their  operation,  motor  applications, 
starters  and  controllers,  electrolysis  and 
batteries,  car  lighting,  inductive  circuits, 
capacity  circuits,  alternators,  synchro- 
nous motors,  transformers,  induction 
motors  and  their  applications,  single- 
phase^  motors,  motor-generator  sets, 
electric  traction,  transmission  and  dis- 
tribution, electric  lighting,  the  final 
chapter  giving  a  laboratory  course. 


"Electric  Cooking,  Heating  and  Clean- 
ing"— Maude  Lancaster.  American 
edition  revised  by  Stephen  L.  Coles. 
329  pages,  illustrated.  Published  by 
D.  Van  Nostrand  Company.  Price, 
$1.50.^ 

This  is  an  American  edition  of  a  very 
complete  English  work  on  the  interest- 
ing questions  of  cooking,  heating  and 
cleaning.  The  book  is  written  by  a  wo- 
man of  experience  for  women  readers 
in  terms  to  be  understood  by  the  ordi- 
nary housekeeper.  Methods  of  charg- 
ing for  electric  power  are  explained  and 
means  of  estimating  the  costs  of  heat- 
ing by  various  methods  are  given.  De- 
scriptions _  of  various  heating  devices 
are  n-iven  in  historical  styles  and  an  ex- 
tremely large  variety  of  utensils  and 
devices,  is  illustrated  and  described. 
Unfortunately  for  American  readers 
most  of  the  devices  are  of  foreign  man- 
ufacture. 
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"The  Meter   With  A   Record' 


Esterline  Portable  Curve  Drawing 
Instruments,  Voltmeters, Ammeters. 
Wattmeters,  etc.,  Can  be  Operated 
Anywhere. 

They  weigh  only  25  pounds  complete,  are  sub- 
stantially built,  will  stand  severe  service  and 
vibration  and  remain  unfailingly  accurate. 

They     can    be   carried    from    place    to    place  to 

check    certain    conditions.     They    can    give  as 

much   as    12   inches    of    record    in  a  minute  or 

only  ten  feet  in  a  week,  with  possibility  of 
eight  other  chart  feeds. 

Each  meter  has  an  eight-day  clock,  90  feet  of 
record  chart  and  sufficient  ink.  They  are 
indicating  as  well  as  graphic  and  reading  can 
be  made  at  any  moment  through  the  glass 
window. 


Portable  Graphic  Meters 


The  Value  and  Efficiency  of  Records  from  an 
Esterline  Meter  are  Appreciated  in  Every 
Branch  of  the  Electrical  Industry. 

Public  Service  Companies  use  these  instruments  in  the 
Central  Station  for  voltage,  current  and  power  records;  in 
meter  and  new  business  departments  for  load  tests,  maxi- 
mum demand  and  rate  adjustment. 

Electric  Railway  Companies  use  them  for  increasing 
efficiency  by  testing  voltage,  amperage  and  speed  under 
running  conditions. 

Consulting  Engineers  find  them  invaluable  for  obtaining 
accurate  data  in  conducting  investigations  of  all  kinds. 

Electrolysis  can  be  traced  to  its  source  and  the  responsi- 
bility determined  by  an  Esterline  High  sensibility  zero- 
center  Volt-ammcler. 

Manufacturers  use  portable  meters  for  testing  shop 
motor  equipment,  analysis  of  tool  operation,  for  porduc- 
tion  records  and  checking  power  consumption. 

Esterline  Curves   Are    indisputable    and  Permanent. 

Write  today  Jor  Catalogue  312J  anJ  Sample  Record 

The  Esterline  Co. 


East  South  Street, 


Indianapolis,  Indiana 
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_,  It  is  hardly  possible  to  over-estimate 

,  .  the    importance  of    substation    prac- 

Increasing  ,       ,         .  ^, 

,  ^  tice  and  substation  apparatus  to  the 

Importance    .  ,.,,.,., 

r  .,  future  growth  of  the  electrical  indus- 

of  the  „?, 

o    1    ^   ..  try.     fifteen  years  ago  the  substation 

Substation        -^  .         , 

was  a  rarity,  almost  a  curiosity,  ex- 
cept in  the  extreme  west.  To-day  the  majority  of 
power  distributed  for  both  lighting  and  railway  work 
passes  through  a  substation  at  some  point  between 
its  generation  and  its  delivery  to  the  customer. 

Starting  with  small  stations,  serving  a  very 
limited  area,  electrical  development  has  trended  in  the 
past  few  years  to  large  stations  serving  vastly  broader 
districts.  The  development  in  this  direction  has  been 
rapid,  and  all  indications  are  that  it  will  continue  un- 
til, broadly  speaking,  the  entire  country  is  served  by 
a  comparatively  few  central  generating  plants.  To- 
day there  are  several  electrical  distributing  systems 
which  are  each  serving  many  hundred  square  miles 
with  energy,  these  systems  being  fed  by  one  or  several 
interconnected  generating  plants.  The  very  nature 
of  things  is  such  that  this  energy  must  be  put  in  con- 
dition for  delivery  to  the  customer  through  substa- 
tions. The  tendency  of  development  and  the  force 
of  economic  law  are  toward  the  enlargement  of  these 
distributing  zones,  and  the  elimination  of  the  small 
independent  central  station  and  the  isolated  plant. 

Many  of  the  larger  urban  railways  have  within 
the  past  few  years  found  it  advantageous  to  cease 
operating  the  500  or  600  volt  direct-current  plants 
with  which  their  roads  have  been  equipped,  and  either 
install  alternating-current  machinery  or  perhaps  with 
better  economy,  buy  alternating  current  from  central 
station  or  power  interests.  In  either  event  the  substa- 
tion immediately  becomes  a  fixed  economic  factor  in 
the  operation  of  their  property. 

The  introduction  of  the  steam  turbine  with  its 
entire  practicability  in  units  of  enormously  large  size, 
has  rendered  possible  production  of  electric  energy 
wholesale  at  a  cost  which  no  one  would  have  con- 
ceived possible  a  few  years  ago.  This  low  cost  of 
steam  production  of  electric  energy  has  in  turn  justi- 
fied the  larger  areas  over  which  power  is  now  being 
distributed  from  central  power  plants.  In  numerous 
instances  single  steam  generating  plants  of  the  later 
type  are  serving  districts  which  were  formerly 
covered  by  ten  or  even  twenty  or  more  separate  so- 
called  central  stations,  this  service  now  being  given 
through  a  corresponding  number  of  substations.  It 
is  entirely  safe  to  say  that  the  number  of  central  sta- 


tion generating  plants  is  on  the  decline,  and  to  pro- 
phesy that  the  future  will  see  more  numerous  and 
larger  substations  and  a  more  general  distribution 
of  energy  through  substations  than  we  have  yet  ex- 
perienced. C.  S.  Cook 


Some  years  ago  the  writer  was  for- 

Aids  to         tunate  enough  to  become  associated, 
Continuous    to  a  certain  extent,  with  a  compara- 

Service  lively  small  proposed  hydro-electric 
development  in  North  Carolina.  This 
proposed  development  was  being  financed  by  Mr. 
James  B.  Duke,  who  had  associated  with  him  Mr.  W. 
S.  Lee  as  chief  engineer.  Probably  no  one — not  even 
Mr.  Duke  himself,  who  has  come  to  be  known  to  those 
acquainted  with  him  and  his  habits  of  mind  as  a  man 
of  large  vision — at  that  time  had  any  adequate  con- 
ception of  the  extraordinary  electrical  development 
which  was  destined  to  grow  from  that  rather  small 
beginning. 

In  a  comparatively  few  years  the  Southern  Power 
Company  and  allied  interests  have  built  power-houses, 
transmission  lines,  substations,  railways,  etc.,  until  at 
the  present  time  the  total  shows  some  rather  startling 
figures.  In  fact  this  system  has  become  one  of  the 
big  things  of  the  country: — 1650  miles  of  transmission 
lines  linking  up  from  28  to  30  towns  and  cities,  besides 
almost  innumerable  factory  settlements,  with  a  total 
connected  capacity  in  transformers  of  365  000  k.v.a., 
together  with  123  miles  of  heavy  traction  lines,  the 
whole  extending  almost  across  two  entire  states,  pre- 
sent a  picture  fascinating  by  its  very  largeness. 

The  articles  in  this  issue  by  Messrs.  Burkholder, 
Stahl  and  Taylor,  describe  three  rather  new  and  unique 
additions  to  this  system.  A  4000  k.v.a.  portable  alter- 
nating-current substation  for  the  transmission  lines ; 
a  500  kilowatt.  1500  volt  portable  railway  substation 
and  a  1500  volt,  60  cycle  rotary  converter  substation 
are  all  developments  made  necessary  by  the  very  large- 
ness and  complexity  of  the  system  on  which  they  are 
operating.  The  articles  themselves  are  extremely  sat- 
isfactory in  that  they  not  only  give  a  complete  and 
interesting  description  of  the  apparatus,  but  also  pre- 
sent enough  information  about  the  system  upon  which 
they  operate  and  enough  of  the  local  settings  to  ob- 
tain not  only  a  complete  mental  picture  and  under- 
standing of  the  apparatus  itself,  but  somewhat  of  an 
appreciation  of  the  problems  which  made  its  develop- 
ment necessary. 
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The  conception,  purchase  and  installation  of  iliis 
apparatus  show  an  ai)preciation  by  the  Southern 
Power  Company's  engineers  of  tlie  im[)ortance  of  good 
service  which  is  highly  commendable  and  at  the  same 
time  somewhat  unusual.  Without  doubt  the  trans- 
mission systems  and  electric  railways  could  operate 
successfully  without  these  additions,  but  it  is  very 
certain  that  they  add  greatly  to  the  continuity  of  serv- 
ice. While  some  might  not  think  the  e.xpense  of  such 
additional  developments  justified  from  a  i)urely  utili- 
tarian point  of  view,  from  the  stand])oint  of  service 
to  the  customer  the  engineers  of  the  .Southern  Power 
Company  were  fully  justified  in  incurring  the  addi- 
tional expense.  W .  S.  Rugg 


class  in  an  interesting  and  instructive  manner.  Of 
l)articular  interest  is  the  description  of  the  5000  k.v.a. 
radiator-type  transformer  which  shows  a  marked  ad- 
vance beyond  anything  heretofore  attempted  in  the 
way  of  self-cooling  transformers.  W.  M.  McConahev 


The    history    of   transformers    in    this 

The  country  goes  back  to    i88fi  when  the 

Economics  of  ^Vesliiighouse    Company    beg'an    their 

Transformer  nianufacture,  after  ha\ing  secured  the 

Cooling         fiuidaniental    patents  of   (iaulard   and 

(jibbs.     During  the    years    that    have 

since   elapsed,    rapitl   and   striking  progress   has   been 

made. 

The  first  transformers  were  of  the  air-cooled  dry 
type.  It  was  soon  discovered,  however,  that  this  type 
could  be  built  econoniicallv  only  in  small  sizes  and  in 
the  quest  for  a  satisfactory  method  of  increasing  the 
capacity,  the  scheme  of  placing  the  transformer  in  a 
tank  and  tilling  the  latter  with  oil  was  tried  anil  gave 
gratifying  results;  thus  we  have  the  beginning  of  the 
oil-insulated   self-cooling  transformer. 

The  search  for  other  etficient  methods  of  cooling 
was  continued  and  it  was  soon  found  that  a  very  sat- 
isfactory one  was  to  circulate  cooling  water  through 
a  coil  of  ])ipe  ])laced  under  the  top  surface  of  the  oil 
and  thus  the  oil-insulated  water-cooled  transformer 
was  developed.  Transformers  of  this  type  can  be  built 
in  very  large  size  due  to  the  fact  that  an  efhcient  cool- 
ing system  can  be  provided  at  a  reasonable  cost. 

Some  years  after  the  ad\ent  of  the  oil-insulated 
water-coo'ed  transfornur.  the  air-blast  tvpe  was 
brought  out  in  order  to  meet  the  requirement  in  some 
localities  ])rohibiting  the  use  of  oil.  This  Ivjie  can 
be  built  in  cjuite  large  sizes  but  the  niaxinnim  \oltage 
is  limited  to  about  33  000  volts. 

.\t  the  present  time  oil-insulated  water-ccjoled  and 
air-blast  are  the  recognized  standard  types  of  trans- 
formers emjjloying  artificial  cooling.  Thev  are  satis- 
factory for  power  stations  and  those  substations  where 
attendance  is  always  at  hand,  but  in  the  majority  of 
substations  it  is  very  desirable  to  have  transformers 
that  are  self-cooling,  because  they  require  a  minimum 
amount  of  attention. 

The  advantage  of  self-cooling  transformers  for 
substations,  particularly  those  of  the  outdoor  type,  has 
been  recognized  for  some  time.  The  main  problem 
has  been  to  keep  pace  with  the  demand  for  units  of 
larger  capacity.  The  article  in  this  issue  by  Mr.  W. 
M.  Dann  on  "Large  Self-Cooling  Power  Transform- 
ers" traces  the  development  of  transformers  of   this 


Comparison 

of 
Substation 


Two  articles  appearing  in  this  issue 
by  Mr.  Roux  and  Mr.  Lloyd  give  very 
illuminating  comparisons  of  the  rela- 


^  ..  tive    suitabilitv    of    motor-generators 

Converting  -  ° 

£      .  .      and  synchronous  converters  for  sub- 

station service.  While  a  number  of 
discussions  have  already  been  written  on  this  subject, 
these  articles  deserve  careful  study  by  operating  men. 
Construction  engineers  give  a  great  deal  of  thought 
to  the  layout  and  equijiment  of  power  generating  sta- 
tions, taking  advantage  of  every  detail  that  will  make 
for  better  operating  efficiency  and  reliability.  The 
substation  also  should  receive  proportionately  careful 
attention,  and  here  the  proper  selection  of  equipment 
and  utilization  of  the  most  efficient  apparatus  will 
render  material  return  on  such  efforts. 

It  is  significant  that  two  writers,  discussing  the 
subject  independently,  should  agree  so  thoroughly  on 
the  features  of  the  synchronous  converter  as  com- 
pared with  the  motor-generator  for  general  substa- 
tion work.  The  development  of  the  motor-generator 
in  the  past  five  years  has  been  relatively  slow  as  com- 
jiarcd  with  the  development  of  the  synchronous  con- 
verter. This  latter  type  of  apparatus,  even  including 
60  cycle  converters,  has  been  on  the  market  for  many 
years,  but  within  the  last  five  years  very  rapid  strides 
have  been  made,  so  that  today  they  are  practically 
new  machines,  as  com])ared  wich  those  in  service  a 
few  years  ago.  The  operation  of  the  modern  syn- 
chronous converter  is  very  satisfactory  and.  notwith- 
standing the  fact  that  operators  who  had  experience 
with  60  cycle  synchronous  converters,  built  ten  or 
more  years  ago,  still  have  some  prejudice  against  this 
a])])aratus.  their  prejudice  should  not  hold  against  a 
careful  study  of  modern  synchronous  converters  of 
the  latest  type. 

The  motor-generator  and  synchronous  converter 
applied  to  substation  service  should  not  necessarily 
be  compared  as  to  their  inherent  power- factor  cor- 
rective ability.  Power-factor  correction  through  the 
medium  of  substation  apparatus  should  not  be  consid- 
ered of  prime  im[)ortance,  as  other  considerations 
such  as  efficiency,  simplicity  of  o[)eration,  reliability 
and  first  cost  may  largely  outweigh  the  value  of  power- 
factor  correction.  I'retiuently  correction  may  be  ef- 
fected mure  economically  liv  a  proper  selection  ot 
iTiotor  c(iuipment  than  throu.gh  the  condenser  action 
of  substation  machinery.  .As  the  articles  point  out, 
material  power-factor  correction  by  synchronous 
motor-generator  sets  requires  motors  of  larger  size 
than  would  norm?lly  be  supplied,  with  resultant  in- 
crease in  expense  and  decrease  in  efificiency.  The  syn- 
chronous  con'-erter   is   not    inherentlv   a   i)ower-factor 
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correcting  medium,  but  through  its  automatic  adjust- 
ment of  power-factor  conditions  within  itself  it  is,  in 
many  cases,  a  more  satisfactory  piece  of  apparatus  to 
have  on  the  system  than  tiie  motor-generator  depend- 
ing upon  manual  control  for  power-factor  correction. 

There  is  always  the  possibility  of  using,  in  addi- 
tion to  the  substation  equipment,  a  synchronous  con- 
denser which  may  be  installed  for  the  exclusive  pur- 
pose of  correcting  power-factor,  having  the  added  ad- 
vantage of  location  at  points  on  the  system  where 
power-factor  correction  will  be  most  effective ;  this 
is  not  always  the  case  with  substation  equipment. 

It  is  thus  quite  important  that  a  proper  selection 
of  substation  equipment  be  made,  considering  all  the 
conditions  that  enter  into  the  problem,  and  the  points 
brought  out  in  these  articles  should  be  of  material 
assistance  to  engineers  who  are  making  such  a  study. 
It  is  shown  that  the  synchronous  converter  is  suitable 
for  use  on  systems  where  a  synchronous  motor-gen- 
erator set  can  be  successfully  used,  and  on  the  modern 
power  distributing  system  the  voltage  and  frequency 
regulation  is  generally  sufficiently  close  to  permit  the 
operation  of  synchronous  apparatus.  This  is  due  to 
the  rapidly  increasing  size  of  the  power  system,  more 
carefully  arranged  transmission  and  distribution  lines, 
and  the  high  standard  of  service  required  by  power 
users. 

The  examples  cited  by  the  authors  show  in  an  in- 
teresting manner  how  to  analyze  the  savings  effected 
with  the  proper  equipment,  and  make  it  comparativelv 
easy  to  solve  any  specific  problem  that  may  be  pre- 
sented. These  examples  indicate  that  the  efficiency  of 
the  synchronous  motor-generator  set  does  not  com- 
pare favorably  with  the  synchronous  converter  and 
its  transformers,  particularly  at  light  loads. 

In  general,  these  articles  would  seem  to  allow 
very  little  field  for  the  motor-generator,  but  due  to  its 
long  and  general  use  the  motor-generator  will  still  re- 
tain a  measure  of  popularity.  It  is  evidently  not  the 
intention  of  the  authors  to  decry  the  motor-generator 
but  to  point  out  to  operators,  who  may  not  be  posted 
as  to  present  day  synchronous  converter  development, 
the  fact  that  it  in  itself  justifies  a  much  wider  appli- 
cation than  has  been  the  practice  up  to  the  present 
time.  E.  P.  Dillon 


The    developments    in    the    past    few 

Outdoor       years   in    substation   work   show    that 

Substations   the  problem  of  load  building  has  been 

appreciated     by     the     manufacturing 

engineer,  as  well  as  the  "New  Business''  manager. 

A  transmission  line  passes  through  a  certain  sec- 
tion;  the  load  on  that  section,  if  it  can  be  obtained, 
represents  a  certain  income.  If  the  interest  on  the 
first  cost  of  the  apparatus  necessary  to  take  on  the 
load  is  large,  or  the  maintenance  cost  on  the  equip- 
ment is  heavy,  or  the  cost  of  attendance  is  great,  the 
load,   even  though   a  considerable  one  at  high   rates, 


will  not  show  a  profit  when  a  balance  is  made.  To 
install  apparatus  which  will  require  a  minimum  at- 
tendance, on  which  the  maintenance  will  be  small  and 
on  which  the  interest  charges  will  be  low  has  been  a 
difficult  problem  to  solve  for  the  power  company's 
manager. 

The  first  step  in  the  solution  of  the  problem  was 
made  by  the  manufacturers  in  making  a  transformer 
for  outdoor  service.  The  outdoor  transformer  elimi- 
nated the  necessity  of  bringing  the  terminals  tlirough 
two  roofs,  that  is,  the  roof  of  the  transformer  and 
the  roof  of  the  substation.  The  second  step  was  to 
provide  at  a  moderate  cost  suitable  switching  and 
protecti\e  devices  for  the  apparatus.  A  third  step 
was  the  development  of  a  tower  of  a  simple  and  rug- 
ged design  on  whi.li  the  switching  and  protective 
equipment  could  be  mounted,  and  on  which  the  trans- 
formers, unless  of  too  great  weight,  could  also  be 
mounted.  The  final  step  in  the  evolution  of  the  out- 
door substation  has  been  the  development  of  the  so- 
called  switch  and  meter  house.  This  house  is  located 
on  the  tower  and  contains  the  low  tension  metering 
and  switching  equipment.  The  article  in  this  issue 
by  Mr.  L.  C.  Hart  is  interesting  in  its  description  ol 
some  installations  which  have  been  made,  showing 
how  special  problems  have  been  attacked  and  solved. 

From  the  incoming  line  through  the  high  tension 
switching  and  protective  equipment,  mounted  on  a 
tower,  through  the  transformer  and  through  the 
switch  house  to  the  out-going  low  tension  line,  the 
outdoor  substation  now  stands  complete.  It  has  met 
that  phase  of  the  problem  requiring  a  minimum  first 
cost.  Often  no  expense  is  required  for  ground,  as  the 
tower  can  be  set  along  the  right  of  way.  The  ap- 
paratus in  connection  therewith  has  been  developed 
to  such  an  extent  that  the  maintenance  cost  is  negligi- 
l)le.  The  apparatus  requires  only  an  occasional  in- 
spection and  no  constant  attendance.  The  steel  sub- 
station appeals  to  one  by  its  very  simplicity,  its  rug- 
gedness  and  absence  of  frills. 

The  outdoor  substation  finds  its  greatest  useful- 
ness for  installations  of  small  or  moderate  capacity 
and  high  voltage;  in  such  suljstations,  in  which,  for 
an  indoor  substation,  the  cost  of  the  equipment  is  not 
a  great  proportion  of  the  total,  the  saving  made  by 
using  the  outdoor,  type  of  apparatus  is  greatest. 

One  of  the  very  striking  advantages  possessed 
by  the  outdoor  steel  substation  is  the  fact  that  should 
occasion  arise  to  move  the  station,  there  is  consider- 
able salvage  value.  In  the  case  of  an  indoor  type 
station,  the  building  would  be  a  loss.  In  the  case 
of  wooden  poles  being  used  for  the  supporting  struc- 
ture these  would  be  lost  as  it  would  not  pay  to  take 
them  up  and  transport  them.  The  steel  station,  on 
the  other  hand,  can  be  taken  down  very  readily  and 
mo\ed  to  a  new  location.  The  advantage  of  this 
type  has  shown  itself  particularly  in  supplying  load  to 
quarries,  lumber  camps  or  mines,  and  other  loads 
where  the  workings  will  lie  completed  in  a  few  years. 

H.  H.  Rron 


The  Status  of  the  Engineer 


E.  M.  Herr 

President, 

Westinghoiise  Electric  &  Mfg.  Company 


THIS  topic  is  now  so  wide  that  there  is  no  dilTi- 
culty  in  discussing  it  from  one's  own  parti- 
cular point  of  view  and  in  line  with  any 
individual  interest  and  experience.  The  danger  lies 
in  dealing  with  so  broad  a  subject  from  too  limited 
and  narrow  a  point  of  observation.  It  is  doubtless 
from  a  full  realization  of  this  danger  that  those  re- 
sponsible for  the  program  tonight  have  brought  men 
together  in  this  discussion  from  so  many  different 
positions  and  varied  experiences  in  life.  Having  an- 
nounced my  apijrehension  regarding  the  narrow  view 
of  this  broad  question,  I  feel  at  perfect  liberty  to  pro- 
ceed to  take  suoh  view,  if  only  to  make  good  my 
prediction. 

My  experience  for  the  past  eighteen  years  has 
been  with  the  engineer  in  the  manufacturing  business 
and  the  last  ten  years  in  a  business  so  highly  technical 
in  its  character  and  developing  so  rapidly,  largely 
through  the  efforts  of  these  very  engineers  whose 
status  we  are  here  to  discuss,  that  it  was  often  a  ques- 
tion -whether  we  were  engaged  in  engineering*  our 
manufacturing  or  manufacturing  our  engineering.  As 
fast  as  the  factory  learned  how  to  make  a  machine  or 
device,  the  engineers  would  bring  out  an  improved  de- 
sign and  the  shop  had  to  begin  all  over  again  and  learn 
anew  the  lesson  which  had  cost  so  much  in  time,  effort 
and  material.  At  such  a  time  one  sympathizes  with 
the  self-made  railroad  superintendent  of  my  acquain- 
tance in  Chicago  who,  after  receiving  notice  from  the 
chief  engineer  of  the  railroad  that  such  and  such 
changes  must  be  made  or  limitations  put  upon  speed 
of  trains  or  weights  of  engines,  would  frequently  say 
— "We  could  make  some  money  for  our  stockholders 
if  we  could  gather  up  all  the  engineers  and  drop  them 
in  the  middle  of  the  Lake."  And  so  he  might  have 
done  for  a  time  but,  from  this  remark,  it  is  evident 
this  superintendent  was  desirous  of  standing  still  as 
to  progress  and  improvements.  Here  we  have  one 
answer  to  the  question  under  discussion,  viz. : — The 
engineer  stands  for  progress  and  improvements. 
Progress  and  Improvements!  What  a  fine  status  for 
any  profession.'  If  the  engineer  always  stands  for  gen- 
uine progress  and  real  improvements,  can  much  more 
be  desired?  Let  me  therefore  counsel  our  voung 
engineers  to  adopt  this  as  their  slogan  and  always  be 
sure,  in  their  engineering  reports  and  recommenda- 
tions, that  they  stand  for  progress  and  improvements 
that  are  both  genuine  and  real. 

Engineering,  originally  the  art  of  managing  en- 
gines, was  later  defined  as  "The  art  and  science  by 


*From  an  address  delivered  Feb.  17,  1915,  at  the  Midwinter 
Convention  of  the  American  Institute  of  Electrical  Engineers. 


which  the  mechanical  properties  of  matter  are  made 
useful  to  man  in  structures  and  machines."  This  de- 
finition is  now  far  too  restrictive  and  must  hereafter 
include  men  as  well  as  materials ;  animate  as  well  as 
inanimate  matter.  The  engineer  is  not  restricted  in 
his  sphere  to  dealing  with  inanimate  things,  broad  cis 
is  this  field  of  improvement  and  development  of  the 
materials,  processes  and  products  of  a  business.  It 
was  an  engineer  who  first  developed  the  principles 
of  scientific  management  and  the  men  who  have 
brought  the  greatest  contributions  to  the  wonderful 
advance  in  the  handling  of  workmen,  resulting  in 
materially  increasing  their  efficiency  without  adding 
to,  but  often  lessening  the  drudgery  of  their  work, 
have  all  been  engineers. 

In  the  management  of  men,  the  engineer  as  usual- 
ly trained  has  his  severest  test.  Alany  engineers,  re- 
markable for  their  judgment,  skill  and  intelligence, 
fail  dismally  in  handling  men.  The  very  nature  of 
the  training  of  the  engineer  tends  to  unfit  him  in 
directing  and  controlling  the  rank  and  file  of  the 
workmen.  The  exact  and  uncompromising  methods 
so  necessary  in  engineering  training  cannot  be  applied 
in  dealing  with  men.  Fairness  and  justice  are  the 
cardinal  principles  to  be  used  always  but,  in  addition, 
in  dealing  with  people  one  must  know  how  to  bring 
the  human  element  into  all  such  relations.  When  this 
is  properly  done,  the  workman  is  inspired,  stimulated 
and  led  into  obedience  and  loyalty  to  which  no  severity 
or  rigid  rules  could  drive  him. 

It  might  be  thought  that  training  and  directing 
workmen  is  not  a  part  of  an  engineer's  work.  Former- 
ly this  was  true  but  with  the  rapid  growth  in  the 
technical  requirements  of  many  kinds  of  manufactur- 
ing and  the  development  of  improved  methods  of 
management  of  shop  work,  the  latter  devised  and 
de\eloped  by  engineers  on  engineering  principles,  the 
old  rule  of  thumb  methods  of  shop  management  are 
fast  becoming  obsolete  and  either  the  old  men  must 
learn  the  new  methods  or  our  young  men  with  engin- 
eering training  must  learn  how  to  handle  men  skilfully 
and  fairly 

Another  field  o])ening  to  trained  engineers  is  the 
commercial  one.  The  product  of  many  of  our  fac- 
tories is  so  technical,  from  an  engineering  standpoint, 
that  only  an  engineer  trained  in  that  specialty  can 
properly  present  it  to  prospective  customers.  It  is, 
therefore,  seen  that  not  only  does  engineering  include, 
besides  the  designing  and  constructing  field,  the  man- 
agerial and  executive  work  which  also  demands  this 
trained  intelligence,  but  even  the  salesman,  who  is 
popularly  supposed  to  be  born,  not  made,  is  leaning 
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heavily  upon  the  engineering  profession.  This  can 
only  point  to  one  conclusion.  In  the  manufacturing 
business  the  engineer,  formerly  only  useful  for  de- 
signs and  specifications,  is  becoming  necessary  in  prac- 
tically all  branches. 

The  daily  increase  in  the  complexity  of  our  civili- 
zation inevitably  increases  our  industrial  development 
and,  as  we  have  seen,  consequently  extends  and 
broadens  the  field  of  engineering  work.  Can  we 
wonder  then  at  the  enormous  increase  in  the  attend- 
ance at  schools  of  engineering  and  the  rapid  strides 
made  by  our  engineering  departments  in  the  universi- 
ties as  compared  with  those  of  the  academic  depart- 
ments. 

It  is  naturally  rather  stimulating  to  our  pride  as 
engineers  to  contemplate  the  rapidly  widening  field 
which  the  profession  is  occupying  but  we  must  not 
forget  that  with  this  broader  field  comes  greater  re- 
sponsibility and  the  necessity  for  more  careful  and 
thorough  training  than  in  the  olden  times  of  simpler 
conditions. 

But,  it  will  be  said,  while  our  activities  and  re- 
sponsibilities are  greater,  so  also  are  our  resources 
and  does  not  the  multitude  of  improved  processes, 
labor  saving  devices  and  space  and  time  savers,  such 
as  the  many  kinds  of  rapid  transit,  the  telephone,  tele- 
graph, etc.,  more  than  make  up  for  the  difference.  In 
some  classes  of  engineering,  doubtless  this  is  true  but 
in  what  I  will  call  the  newest  branch,  viz. — the  en- 
gineering which  deals  largely  with  men  and  not  with 
machines,  the  managerial  and  executive  work  to  which 
the  profession  is  being  called  with  rapidly  increasing 
urgency — but  little  help  is  found  in  new  inventions. 
In  this  new  field  (if  such  it  can  be  called)  the  auility 
to  analyze  accurately  and  draw  correct  conclusions 
from  clearly  perceived  premises,  so  essential  in  gen- 
eral engineering,  is  just  as  important. 

The  difficulty  which  most  engineers  find  comes 
from  the  analysis  of  cause  and  effect  in  the  manage- 
ment of  and  dealing  with  men  and  women  instead  of 
machines  or  structures.  The  former  is  more  difficult 
as  a  problem  and  was  formerly  only  solved  by  those 
thought  to  be  specially  gifted  in  their  ability  to  handle 
men.  Like  many  other  so-called  "gifts,"  this  one  can 
be  learned,  not  by  inflexibility  and  severity ;  not,  on 
the  other  hand,  by  weakness  and  vacillation,  but  by 
even-handed  justice  tempered  with  humanity.  No 
fair  man  wants  more  than  justice  and  I  maintain  that 
very  nearly  all  men  are  fair  or  want  to  be.  The  diffi- 
culty comes  in  knowing  how  to  deal  justly  and 
humanly  in  e\-ery  case  and  in  the  pressure  and  urgen- 
cy under  which  business  must  now  be  done.  He  is 
both  patient  and  wise  to  a  remarkable  degree,  who 
can  attain  unto  it. 

Is  not,  however,  the  man  with  an  engineering 
training  far  better  equipped  for  weighing  correctly 
the  elements  which  must  enter  into  such  a  decision? 


He  is  with  but  one  exception.  This  exception  is  his 
training  and  tendency  to  analyze  mathematically.  The 
very  training  in  mathematical  analysis,  so  largely  a 
part  of  an  engineer's  education,  to  a  considerable  ex- 
tent unfits  him  for  a  correct  weighing  of  what  I  have 
called  the  "human  element."  As  an  illustration,  there 
is  a  great  difl:'erence  in  the  effect  upon  an  employee 
in  the  way  an  order  or  decision  is  given.  You  all 
have  probably  at  some  time  dealt  with  those  in  author- 
ity, from  one  of  whom  you  would  rather  receive  a  re- 
fusal or  dissent  than  an  acquiescence  from  another. 
An  adverse  decision  would  be  received  from  the 
former  superior  and  carried  out  with  a  feeling  of 
loyalty  and  willingness,  but  with  an  unavoidable  feel- 
ing of  grudging  obedience  and  almost  revolt  from  the 
latter.  The  different  efl:ect  upon  the  employee  was 
caused  by  the  former  employer's  knowledge  of  and 
due  regard  for  one  phase  of  the  human  element  in 
dealing  with  the  employee. 

Many  other  conditions,  largely  personal  in  their 
character,  must  also  be  considered  and  given  due 
weight  in  an  analysis  embracing  the  actions  of  men 
and  women.  This  is  the  element  to  which  I  wish 
especially  to  direct  the  attention  of  the  young  men  of 
the  profession.  That  it  can  be  learned,  I  know  from 
my  own  experience,  which  also  has  taught  me  its 
value.  Keep  steadily  in  mind  the  Golden  Rule — Do 
to  others  as  you  would  have  others  do  to  you — ^and 
your  judgments,  with  this  in  mind,  while  not  sus- 
ceptible of  mathematical  proof,  will  not  fail  of  at 
least  some  part  of  the  human  element  and  ring  true  to 
the  requirements. 

Do  not  misunderstand  me  to  advocate  a  de- 
parture from  engineering  principles  in  this  matter  of 
dealing  with  men.  On  the  contrary,  they  must  only 
be  dealt  with  logically  and  correctly,  and  a  proper  ap- 
plication of  the  principles  of  good  engineering  can 
bring  only  this  result.  No  correct  result  can  be  ob- 
tained in  any  engineering  or  other  problem  if  any  of 
the  elements  are  left  out  in  its  analysis.  The  human 
element  is  a  factor  and  must  be  included  or  your  re- 
sult is  not  true.  Therefore,  I  repeat  that  the  engineer 
is  needed  in  the  shop  and  other  places  where  men,  and 
women  too,  must  be  managed  and  controlled.  In  this 
work  his  status  is  broadened  and  his  influence  greatly 
increased,  but  more  important  still,  the  engineer  him- 
self is  made  a  more  liberal,  broader,  better  and  more 
useful  member  of  society. 

Such  an  engineer  will  have  a  broad  perspective 
because  he  is  accustomed  to  observe  tendencies  in 
both  men  and  affairs  and  to  draw  correct  conclusions 
from  them.  He  can  lay  plans  far  ahead  and,  seeing 
clearly  the  ultimate  result,  is  able  to  take  full  ad- 
vantage of  the  tendencies  in  both  his  own  field  and 
that  of  allied  lines  of  engineering,  not  only  foreseeing 
demands  but  so  shaping  his  activitiei  as  to  create 
them. 
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Large  Self -Cooling  Power  Transformers 

W.   M.  Daxn 

Transformer  EnKineering  Ucpt., 
Westinghouse  Electric  &  Mfg.  Company 

HE  INCREASE  in  the  capacity  of  transformers  Since  there  were  many  places  where  self-cooHng 

of  the  type  that  requires  no  artificial  cooling  is      transformers  larger  than    i  ooo  k.v.a.   were  desirable 
one  of  the  interesting  developments  in  electric      and  were  justified  by  the  economics  of  the  installation, 

some  new  way  of  obtaining  a  larger  surface  exposed 
to  the  air  became  necessary.  One  of  the  most  prac- 
ticable and  successful  answers  to  the  ])rohlem  was 
found  in  the  tubular  tank.*  In  this  ty])e  of  tank.  Fig.  5, 
numerous  tubes  are  welded  into  the  tank  wall  in  such 
a  way  that  they  form  external  connections  between 
the  ui)|)er  and  lower  levels  of  the  oil  which,  being  in 
contact  w  itii  the  windings  and  the  core  and  warmed  by 
the  heat  of  the  transformer,  rises  through  the  ducts 

Ijetween  the  coils  and  along 
the  surface  of  the  core.  In 
the  upi)er  levels  of  the  tank 
;in(l  tubes  the  oil  is  accord- 
ingly much  warmer  than  the 
outside  surrounding  air. 
riirough  tlie  radiating  sur- 
face of  the  external  tubes 
tills  warm  oil  is  cooled  and 
descends  to  the  lower  level 
:if  the  tank  from  which 
point  it  rises  agani  through 
tlie  ducts  and  along  the 
L'ore.  A  natural  circulation 
of  oil  is  established  and 
maintained  in  this  way. 

The  tubular  tank  pres- 
ents a  large  radiating  sur- 
face and  the  surface  per 
unit  of  area  is  extremely  ef- 
licient.  Some  of  the  fac- 
tors that  eontribute  to  this 
\  5000  K.V.A.  wESTi.NcinousK  si\Gi,K-i'H.\sE,  25  cvci-E  efficieucv    are   as    follows: — 

It    is   made   up   of   tubes   of 


power  transmission.  Where  water  cooling  is  expen- 
sive or  the  cost  of  cooling  with  forced  air  is  a  large 
item,  a  power  transformer  which  will  dissipate  its 
heat  without  maintenance  expense  is  justified. 

There  are  practically  tio  diflferences  between  the 
self-cooling  and  water-cooled  types,  in  the  design  of 
the    transfonuers    themselves.      However,    the    self- 
cooling  unit  rec[uires  a  more  expensive  case  than  the 
water-cooled  unit;  the  design  of  the  complete  unit  is 
therefore   a  compromise  be- 
tween  the  cost   of  the   coj)- 
per   and   iron    in    which    the 
losses  originate  and  tlie  cost 
of  the  case  which  must  dis- 
sipate    the     heat     of      the 
losses.     The    self-cooling 
transformer     will     generally 
have  a  little  higher  efficiency 
than  the    equivalent    water- 
cooled  transformer  since  the 
most  economical  design  as  a 
whole  usually  follows  when 
a    little    more    copper    and 
iron    is    used     in     the     self- 
cooling   transformer   to   re- 
duce its  losses. 

When  the  use  of  alter- 
nating current  first  began  h< 
he  commercially  practicable, 
small  transfonuers  o  n  1  y 
were  built  and  their  surface 
per  unit  of  \oluine  was  fig.  i 
great    enough     to    dissipate 


SrLF-(X)OI,ING  TR.\NSF0K.\1ER   FOR   OUTDOOR   SERVICE 

tho  hp-,t   ,1„P  to  thoir  ln«ps  This  unit  has  nearly  double    the  output  of    the   largest  comparatively      small      diameter 

the  neat  due  to  tneir  losses.    preMous  unit  of  this  type.  ■ 


By  immersing  the  trans- 
former in  a  tank  of  oil,  larger  units  were  possible, 
since  the  flow  of  heat  from  the  surface  of  the  tratis- 
foriner  into  the  oil  took  ])lace  with  much  less  differ- 
pnce    of    temperature    than    from    the    same    surface 


which    dissipate    the    heat    more 
readily    for    a    given    area    than 
the  same  area  in  a  tiihc  of  larger  diameter. 

The  flow  of  oil  is  not  restricted  in  the  external  tubes. 
(.\ny  tendency  to  impede  the  flow  of  oil  would  rccpiirc  a 
greater  "ihernial  head"  or  diflferencc  of  temperature  between 
top  and  bottom  levels  to  circulate  the  oil.)  The  vertical  tubes 
conform  to  the  natural  circulation  of  the  oil  in  cooling:  they 


into  air,  and  the  tank  walls  presented  a  larger  surface      form  luimerous  circuits  in  multiple  ami  tlie  total  cross-sec 

tional  are.i  is  so  large  that  a   free  circulation  of   oil   1.;  per 


than   that  of   the  transformer  alone.     The  next   step 

consisted  in   adding  external   ribs  to  the   tank   walls, 

as   shown   in   I'ig.   2,  or  in  breaking  up  the  surface 

into  the   form  of  flutes  or  corrugations;  tjiis  gave  a 

greatly  increased  radiating  surface  without  an  increase 

in  the  physical  dimensions  of  the  tank  and  still  larger 

units  becaine  jjossible.    The  corrugated  tank  in  one  of 

a  number  of  different  forms  is  generally  used  at  the 

present  time  for  power  transformers  not  larger  than 

750  to  1000  k.v.a.    For  larger  units  a  tank  of  this  kind      top:  the  cross-section  of  the  path   is   large;   a   very   free 

becnines  uneconomical  on  account  of  its  cost  and  the      circulation  of  air  results. 

laree  amount  of  oil  required,     .^.n  earlv  tank  of  this  ,,.,,,,  ^      ,  ,      t  i 

idigc  diiiuui.i  ui   u  1  -      .  *See  article  bv  W.   M.   McConahev   in   the   Jol'rn.m.   for 

type  is  shown  in  Fig.  3  and  a  modern  one  in  hig.  4.  Dec,  1909,  p.  219.' 


mitted  :  the  ditTcrence  of  temperature  between  top  and  bottoni 
oil  levels  is  not  great  and  this  means  lower  temperature  rises 
in  the  transformer. 

The  flow  of  the  cooling  air  is  not  restricted.  (Any  tend- 
ency to  impede  the  flow  of  air  among  the  tubes  would  result 
in  less  air  flowing  and  a  greater  difference  of  temperature  be- 
tween the  cool  air  at  the  ibottom  and  the  warm  air  at  the  top. 
This  would  in  turn  mean  a  higher  temperature  of  oil  in  the 
upper  levels  and  accordingly  a  transformer  with  a  higher  tem- 
perature rise.)  The  vertical  arrangement  of  the  tubes  con- 
forms with  the  natural  tendency  for  the  warmed  air  to  rise; 
very  little  impedance  is  presented  to  the  air  where  it  enters 
among  the  tubes   at   the  bottom   and   where   it   leaves   at  the 
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However,  with  all  its  good  features,  the  tubular 
tank  is  expensive  to  construct,  mainly  on  account  of 
the  forming  of  the  numerous  tubes  and  the  welding 
operations  necessarj-  to  make  the  joints  between  the 
ends  of  the  tubes  and  the  tank  wall.  It  has  the  draw- 
liack  also  that  the  largest  tank  that  can  be  shipped,  on 


FIG.  2 — ONE  OF  THE  FIKST  TANKS    MADE  WITH    EXTERNAL  RIBS 

The  side  walls  of  this  tank  are  made  up  of  four  castings 
which  are  assembled  together  with  the  bottom  plate  by  means 
of  bolts. 

account  of  tunnels  and  other  railway  clearance  lim- 
itations, is  one  that  provides  radiating  surface  suffi- 
cient for  a  transformer  with  an  output  of  only  about 
2500  k.v.a.  This  is  by  no  means  the  limit  of  useful- 
ness of  the  self-cooling  transformer;  manufacturers 
have  accordingly  been  working  on  the  problem  of  pro- 
viding more  radiating  surface  without  prohibitive  ex- 
perse  and  without  exceeding  the  limiting  dimensions 


^-^ 


FIC.    3 — AN   EARLY   FLUTED  TANK   WITH    SIDE    W.\LLS   tiF    THIN- 
SHEET   METAL 

The  eflfectiveness  of  the  surface  was  not  very  great  as  the 
fliites  were  so  narrow  and  deep  that  the  flow  of  the  air  in  contaet 
with  the  inner  surfaces  was  impeded. 

set  by  railway  clearances.  Some  form  of  detachable 
external  radiator  is  without  doubt  the  solution  of  the 
problem.  One  form  which  has  shown  very  satisfac- 
tory results  is  illustrated  in  Fig.  6.  These  radiators 
used  in  connection  with  a  lioiler  iron  tank  represent 
an    evolution     from   the   tubular  tank;    they  present 


the  same  general  arrangement  of  numerous  vertical 
circuits  in  multiiile  conforming  to  the  natural  circula- 
tion of  the  oil  and  the  air.  A  very  large  increase  in  the 
radiating  surface  becomes  immediately  available  and 
the  upper  limit  of  transformer  output  is  again  raised  so 
that  self-cooling  transformers  of  5000  k.v.a.  and  larger 
are  practicable.  The  corrugated  surfaces  used  in  the 
walls  of  the  radiators  are  not  as  effective  for  cooling 
as  an  equal  amount  of  surface  would  be  in  the  tubes 
of  a  tubular  tank;  the  air  in  the  corrugation  is  more 
confined  and  restricted  and  the  friction  along  the 
walls  of  the  corrugation  will  not  permit  it  to  flow  as 
freely  as  it  does  over  the  surface  of  the  tubes.  How- 
ever, the  radiators  can  be  built  very  economically  and 
they  provide  a  large  radiating  surface ;  these  two  cir- 
cumstances so  far  outweigh  the  decreased  eiTectiveness 
per  unit  of  surface  that  the  cost  of  the  complete  case 
for  a  given  temperature  rise  is  less  with  the  radia- 
tors than  with  the  tubes. 


fK.  4 — A     MODERN    TANK     WITH     CORRUGATED    WALLS    OF     HFAVV 
SHEET   IRON,   CAST   INTO   TOP   AND    BOTTOM    CASTINGS 

Due  to  the  shape  of  the  corrugations,  the  surface  is   more 
effective  than  that  illustrated  in  Fig.  3. 

\  tank  which  is  considerably  larger  in  diameter 
than  would  be  retjuired  ito  contain  the  transformer 
is  necessary  when  the  tubular  tank  is  used,  in  order 
to  provide  enough  tubes  for  the  radiating  surface  re- 
quired. With  the  radiator  type  of  tank  the  surface 
required  for  the  same  transformer  can  be  obtained 
with  a  considerably  smaller  tank  because  the  radiators 
provide  the  surface  in  a  radial  direction  and  a  large 
periincter  is  not  necesary.  The  diameter  of  the  com- 
plete case,  including  the  radiators,  is  usually  a  trifle 
greater  than  the  diameter  o\er  the  tubes  of  the  equiv- 
alent tubular  tank  ;  however,  a  large  amount  of  oil  is 
saved  and,  to  compensate  for  the  slightly  greater  floor 
space  required,  the  radiator  type  transformer  will 
show  a  very  considerable  saving  in  total  weight  and 
overall  height,  as  well  as  saving  in  total  cost. 

The  walls  of  the  radiators  are  formed  of  sheets 
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of  ingot  iron  bent  into  corrugations,  as  illustrated  in 
Figs.  6  and  7.  The  vertical  seams  in  the  side  walls  and 
the  joints  between  the  top  and  bottom  plates  and  the 
side  walls  are  all  welded,  as  indicated  in  Figs.  8  and  9. 

|(  By  a  special  process 
of  forming  the  ends 
of  the  corrugations 
:it  the  top  and  bottom 
it  is  unnecessary  to 
cut  out  end-plates 
following  the  contour 
of  the  corrugations: 
the  top  and  bottom 
plates  have  a  straight 
line  contour  and  the 
welded  joints  are 
simple  to  make ;  fur- 
thermore, the  corru- 
gations are  not  closed 
;it  the  top  and  bottom 
and  the  cooling  air 
meets  with  no  ob- 
struction either  where 
FIG.  5-A2oo„K.v.A.  1.0  000-22  000    ^       ^        j]      ^orruga- 

VOLT.      SI.\r,LE-PHASE,     6o     CYCLE,  .  *  . 

TRANSFOKMF.R     IN     A     TUBULAR    t  i  o  n  s.    Or   wlierc    It 
TANK,  FOR  OUTDOOR  SERVICE  1  c  a  V  6  s       Tlic  radi- 

ators  are  somewhat  wider  at  the  back  (near  the  tank) 
than  at  the  front;  this  permits  welding  cast  steel 
flanges  of  generous  size  in  the  back  wall  to  form  the 
connections  to  the  tank.  The  gradual  widening  of 
the  interior  of  the  radiator  towards  the  back  serves  to 
give  greater  area  near  the  places 
where  the  oil  enters  and  leaves  the 
radiator ;  from  these  points  the 
width  gradually  decreases  towards 
the  front  in  proportion  to  the  de- 
creasing amount  of  oil  which,  be- 
fore it  begins  to  descend,  flows 
across  the  radiator  opposite  the 
entrance.  The  general  design  is 
such  that  a  very  free  circulation  of 
oil  is  secured. 

The  radiators  extend  the  full 
distance  from  the  upper  oil  level 
of  the  tank  to  the  bottom.  A  good 
circulation  of  the  oil  is  secured  in 
this  way  and  inactive  masses  of  oil 
at  the  bottom  of  the  tank  are 
avoided ;  also,  the  radiating  surface 
is  ol)tained  with  a  tank  of  mini- 
mum diameter  saving  space,  weight 
and  cost.  Cast  steel  flanges  on  the 
OF       coRRur.ATEi.    radiators  and  similar  flanges  on  the  . 

SHF.KT      IRON      OF  ,  i   .         ,  r         , 

THE    FORM    USED    ^^^'^   ai'c   iiiachmed   perfectly   true 
IN   THE   CAST-IN    and  the  radiators  are  bolted  to  the 

TANK,    Fir,.    4  .        ,  .,,  .    ,  1      .        1      ^ 

tank  with  special  gaskets  between 
the  machined  surfaces.  The  gaskets  are  not  subject 
to  deterioration  from  water  or  hot  oil  or  from  the 
pressure  exerted  upon  them,  and  when  the  bolts  are 
drawn  down,  permanent  oil-tight  joints  are  secured. 


The  fairly  large  amounts  of  oil  used  with  large 
power  transformers  of  the  self-cooling  type  have  great 
capacity  for  the  storage  of  heat ;  for  this  reason  the 


tL 


FIG.  6 — A  CO.Ml'I.KT;: 
EXTERNAL  RADIA- 
TOR   WITH    WALLS 


FIG.     7 — FORMING     THE     CORRUGATIONS     FOR     THE     WALLS     OF 
THE  RADIATORS 


temperature  of  the  oil  lags  considerably  behind 
changes  of  load.  .Such  transformers  can  usually  be 
overloaded  considerably  for  short  periods  of  time.   To 


FIG.    8 — WELDING    THE    VtRTlCAL    SHAMS    IN    THE    SIDE    WALLS    OF 
THE   RADIATOR    WITH    AN    AUTOMATIC   WELDING    MACHINE 

avoid  continuing  such  overloads  beyond  the  danger 
point,  it  is  necessary  to  make  allowances  for  the  rela- 
tive temperatures  of  windings  and  oil  at  different  loads 


FIG.    9 — WELDING   TOGETHER   THE   BACK    PLATE    AND   THE    SIDE 
WALLS  OF  THE  RADI.\TOR 


and  be  guided  by  the  temperature  of  the  oil;  other- 
wise it  would  be  possible  to  burn  out  the  windings 
with  the  oil  showing  little  more  than  normal  temper- 
ature. 


THE  ELECTRIC  JOURNAL 


137 


The  overload  that  can  be  carried  and  the  period 
over  which  it  can  be  maintained  may  be  very  much 
increased  by  adding  cooling  coils  and  circulating  water 
through  them  during  the  time  of  overload ;  or,  if  water 
is  not  available  or  is  too  expensive,  the  same  thing 
may  be  accomplished  by  providing  an  air  chamber  be- 
low the  transformer  and  using  a  blower  outfit  to  blow 
air  upward  over  the  surface  of  the  radiators.  Either 
one  of  these  methods  of  obtaining  the  extra  overload 
capacity  may  be  made  automatic  so  that  the  additional 
artificial  cooling  will  be  brought  into  play  when  the 
temperature  conditions  in  the  transformer  require  it 
and  cut  off  again  when  the  necessity  for  it  ceases. 
The  mechanism  actuating  the  water  valve,  or  the 
blower  motor  as  the  case  may  be,  can  be  controlled 
by  a  thermometer  having  electrical  contacts  arranged 
to  close  a  circuit  when  the  oil  reaches  a  predetermined 
temperature.  It  is  important  to  make  ample  allow- 
ance for  the  higher  temperature  of  the  windings  above 
the  oil;  otherwise  a  peak  load  might  burn  out 
the  windings  before  the  sluggish  oil  temper- 
ature reaches  the  predetermined  point.  In  zero 
weather  when  the  temperature  of  the  oil  is  low,  the 
overload  can  be  carried  for  a  longer  period  of  time 
before  the  artificial  cooling  will  be  automatically 
started;  if  the  peak  follows  on  the  heels  of  a  continued 
load  of  some  proportions,  or  if  the  oil  temperature  is 
fairly  high,  as  it  might  be  in  hot  weather,  these  con- 
ditions will  be  taken  into  account  and  the  water  or  the 
air  blast  will  be  called  upon  sooner. 

If  the  load  to  be  carried  by  3  bank  of  transform- 
ers is  fairly  uniform  with  no  peaks  of  enough  dura- 
tion to  require  any  extra  capacity,  there  is  no  need 
for  making  use  of  any  auxiliary  means  of  cooling; 
but  if  the  load  characteristics  are  such  that  the  maxi- 
mum peaks  last  long  enough  to  determine  the  size  of 
the  transformers,  rather  than  the  smaller  loads  which 
they  carry  for  a  fair  proportion  of  the  time,  an  auto- 
matic device  of  this  kind  will  make  possible  the  in- 
stallation of  smaller  transformers,  which  will  carry 
the  more  usual  loads  and  the  smaller  overloads  as  self- 
cooling  units  and  the  large  overloads  with  the  help  of 
the  auxiliary  cooling  arrangements. 

The  1500  k.v.a.  self-cooling  transformer  shown 
in  Fig.  10  will  carry  its  rated  load  without  exceeding 
a  rise  of  40  degrees  C.  above  the  temperature  of  the 
surrounding  air  and  125  percent  of  its  rated  load,  or 
I  875  k.v.a.  continuously  with  a  rise  not  exceeding 
55  degrees  C.  Auxiliary  cooling  coils  also  form  part 
of  the  equipment  and  by  circulating  water  the  trans- 
former will  carry  2  100  k.v.a.  continuously  without 
exceeding  a  temperature  rise  of  40  degrees  C.  or  2700 
k.v.a.  continuously  with  a  rise  not  exceeding  55  degrees 
C.  This  transformer  is  one  of  two  units  which  are 
used  to  step  down  from  66  000  to  16  500  volts  ;  it  is  es- 


pecially interesting  because  the  substation  of  which  it 
forms  a  part  is  installed  out-of-doors  with  a  full  com- 
plement of  lightning  arresters,  circuit-breakers  and 
switches. 

One  of  three  transformers  of  the  radiator  type, 
each  having  a  normal  rating  of  5  000  k.v.a.  is  shown 
in  Fig.  I.  As  they  are  used  for  railway  work  which 
involves  a  load  of  many  peaks  and  fluctuations,  each 
transformer  was  designed  to  carry  7  500  k.v.a.  for 
one  hour  with  a  rise  of  temperature  not  exceeding 
55  degrees  C.  above  the  surrounding  air,  followed  by 
either  a  load  of  10  000  k.v.a.  for  seven  minutes  or 
12  500  k.v.a.  for  one  minute,  without  reaching  a  dan- 


FIG.  10 — A  I  500  K.V.A.  THREE-PHASE,  6o  CYCLE.  66  OOO  VOLT 
TRANSFORMER  OF  THE  SELF-COOLING  TYPE,  WITH  ALL-WELDED 
RADIATORS,  FOR  OUTDOOR   USE 

This  transformer  is  equipped  with  auxihary  cooHng  coils  by 
means  of  which  heavy  overloads  can  be  carried  continuously. 

gerous  temperature.  They  have  the  distinction  of 
being  by  far  the  largest  transformers  of  the  self- 
cooling  type  so  far  built. 

The  use  of  these  large  self-cooling  power  trans- 
formers is  advisable  because  they  have  no  continuous 
expense  of  maintenance  for  artificial  cooling  ;uid  they 
can  operate  without  attention,  other  than  periodical 
inspection  ;  for  these  reasons  they  are  being  used  to 
an  increasing  extent.  The  advantages  of  the  outdoor 
substation  are  now  pretty  well  recognized ;  the  number 
of  successful  substations  of  this  kind  in  operation 
leads  to  the  conclusion  that  the  future  will  see  the 
large  self-cooling  transformer  used  to  a  still  greater 
extent,  for  it  is  particularly  well  adapted  for  use  in 
outdoor  substations. 


Rotary  Converters  and  Synchronous  Motor- 
Generator  Sets  for  Industrial  Service 

(iliOKl.E     ['.     R(H  X 

Consulting    Engineer, 
Philadelphia,    Pa. 

THE  ease  of  the  rotary  converter  vs.  the  motor-generator  has  been  presented,  argued  and  dis- 
cussed -epeatcdly  before  eminent  engineering  bodies.  However,  the  application  of  rotary  converters 
in  industrial  installations  is  becoming  more  common,  although  not  as  extetisive  as  it  should  be,  and 
therefore,   further   discussion   of   this   important   matter  is   quite  in  order. 

IN  a  comparatively  short  time  the  electrical  indus-  improved.  Practically  it  has  remained  unclianf^ed  ex- 
try  has  been  endowed  with  many  wonderful  cept  for  the  commutating  pole  feature  of  the  direct- 
inventions,  discoveries  and  improvements,  these  current  end  and  a  few  improvements  in  the  motor 
|)rogressive  developments  affecting  every  line  and  design.  The  performance  characteristics  of  the 
branch  of  the  electrical  art.  In  rotating  machinery  motor-generator  have  remained  almost  stationary, 
alone  notable  imjirovements  have  been  made  in  the  One  of  the  main  arguments  set  forth  in  favor  of 
last  decade  bearing  on  commutation,  pole  character-  the  motor-generator  was  its  ability  to  improve  power- 
istics,  higher  speeds,  mechanical  and  electrical  factor.  By  proper  selection  of  the  capacity  of  the 
strengths,  efficiencies,  regulation,  insulation,  weight,  motor,  adding  slightly  to  the  cost  of  the  set,  a  motor- 
size,  capacity,  etc.  These  improvements  have  affected  generator  can  be  made  to  perform  the  dual  function 
considerably  the  rotary  converter,  and  almost  devel-  of  converting  ajiparatus  and  synchronous  condenser, 
oped  a  new  machine,  although  based  on  the  saine  fun-  correcting  within  a  certain  range  the  power- factor  of 
damental  principle.  a    determined    system.      It    is    evident    that    in    this 

In  view  of  these  facts  it  is  necessary,  in  order  to  capacity  alone  the  synchronous  motor-generator  un- 

keep  pace  with  progress,  to  ainend  the  views  and  opin-  deniably   possesses    the   exquisite   quality   of    a   great 

ions  formed  ten  years  ago  which  have  prevailed  since  power-factor   corrector,  and   therefore   its   use   is   in- 

(and  perhaps  have  been  warranted)  regarding  rotary  dicated  where  such   recjuisites  prevail,  that  is.  where 

converters    compared   with    motor-generators.     It   is  jjower  factor  correction  is  paramount;  but  where  the 

therefore    necessary  again   to   compare    the    relative  corrective  effect  on  the  power-factor  is  of  small  im- 

mcrits  of  each  machine  as  if  it  were  new  apparatus,  portance  it  will  be   found  as  a  rule  that  the  rotary 

although  possessing  the  old  name.  converter  possesses  manj-  advantages. 

Until  recently  it  was  considered  l>ad  practice  and  In  drawing  a  parallel  between  the  rotary  con- 
almost  certain  failure  to  attempt  to  use  a  rotary  con-  verter  and  the  motor-generator  both  machines  may 
verter  on  a  system  of  a  higher  frequency  than  25  be  considered  as  devices  for  converting  alternating  to 
cjxles,  and  even  at  that  low  frequency  its  use  \vas  ad-  direct  current,  or  vice  versa,  which  are  the  most  com- 
vocated  only  for  railway  service.  To  a  large  extent,  mon  and  general  applications  of  these  machines,  as  in- 
however,  the  cause  of  the  failure  of  rotary  converters  dicated  by  their  names.  In  making  the  comparison 
was  due  to  erroneous  selection  of  this  type  of  con-  consideration  will  be  given  to  the  ability  of  each  to 
verting  machine,  at  that  time  unfit  to  ineet  the  peculiar  correct  the  power-factor,  as  an  incident  of  their  oper- 
operating  conditions  demanded  in  certain  installations,  ation  and  not   as  the  main   feature,   for  otherwise  it 

Notable  imjirovements  have  since  been  intro-  would  be  more  proper  to  deal  with  synchronous  con- 
duced in  the  design  and  construction  of  the  converter  densers,  which  would  be  outside  the  present  subject. 
— the  advent  of  commutating  poles,  higher  i)ermissible  In  the  first  place  the  no-load  losses  of  a  rotary 
speeds,  commutator  and  i)ole  spacing  improvements —  converter  are  very  much  smaller  than  those  of  a 
all  of  which  have  made  possible  the  building  of  60-  motor-generator,  while  at  all  loads  the  efficiency  of 
cycle  converters  having  even  better  ])erformance  a  converter  is  much  better  than  a  motor-generator, 
than  the  former  25-cycle  machine.  The  voltage  con-  The  power-factor  variations  with  the  load  under 
trol  of  the  converter  has  also  been  remarkably  im-  the  same  operating  conditions,  and  with  the  same 
proved  with  the  introduction  of  the  synchronous  line  drop  and  reactance  for  the  two  machines  opcrat- 
booster  and  the  regulating  poles.  These  valuable  im-  ing  side  by  side,  are  entirely  different.  Taking  the 
provements  have  removed  the  handicaps  of  the  early  case  met  mostly  in  i)ractice  where  no  field  manipula- 
60-cycle  converter,  and  have  brought  out  a  new  con-  tion  is  resorted  to  in  the  operation  of  either  machine, 
verting  machine,  so  to  speak,  with  new  characteris-  with  constant  voltage  from  the  supply  lines— with  a 
tics  and  new  operating  performances,  opening  a  inotor-generator  whose  field  is  adjusted  to  give  a  lead- 
broader  field  for  its  application  in  the  industries.  ing  power-factor  at  no-load,  the  power-factor  swings 

Looking  now  at  the  motor-generator,  during  the  toward  unity  as  the  load  increases,  and  may  become 

same  period  this  type  of  machine  has  been  slightly  lagging  when  reaching   full  load  or  overload.     With 
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a  converter  having  a  flat  compound  winding  the 
power- factor  will  be  lagging  at  no-load  and  will  rap- 
idly reach  unity  and  then  become  leading,  with  this 
peculiarity — that  the  power-factor  curve  above  unity 
will  remain  practically  flat,  although  slightly  rising, 
as  shown  on  Fig.  i.  This  is  due  to  the  inherent  re- 
actance of  the  converter  and  its  circuit,  and  its  over 
self-excitation,  which  in  turn  automatically  adapts 
the  power-factor  to  the  reciuirements  of  the  situation, 
as  can  be  seen  from  the  two  curves  shown  in  Fig.  i. 
Thus  at  the  time  the  motor-generator  draws  the  most 
current  from  the  line,  say  at  150  percent  full  load,  its 
power-factor  becomes  lagging.  Therefore,  instead  of 
helping  the  line  conditions  it  aggravates  them,  while 
on  the  contrary  under  the  same  load  conditions  the 
power-factor  of  the  converter  becomes  slightly  lead- 
ing, holding  up  the  line  voltage  and  thus  counteract- 
ing the  efl^ect  of  the  line  drop. 
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FIG.    I — COMPARISON   OF    MOTOR-GENER.\TOR  AND   KOTARY   CON- 
VERTER AS   REGARDS    CHANCE   OF   POWER-F.^CTOR    WITH    LOAD 

At  no-load  the  efi'ect  of  the  leading  power-factor 
of  the  motor-generator  is  somewhat  offset  by  the 
greater  amount  of  losses  to  be  supplied  to  the  ap- 
paratus compared  with  those  of  the  converter,  and 
the  leading  power-factor  of  the  motor-generator 
comes  then  at  a  rather  inopportune  time,  being  needed 
more  under  overload  conditions. 

Unless  the  motor  of  the  set  is  built  esiiccially 
with  the  proper  equipment,  and  make  it  comparatively 
machine  for  its  straight  duty  as  motor,  and  is  de- 
signed and  built  partly  as  a  motor  and  partly  as  ;i 
synchronous  condenser,  its  power- factor  corrective 
capacity  and  property  are  not  as  convenient  from  an 
operating  viewpoint  as  those  of  a  converter  which 
was  never  intended  to  be  a  power-factor  corrector. 
It  is  upon  this  basis  that  the  above  comparisons  have 
been  made  with  another  type  of  machine  intended  for 
the  same  purpose,   with   incidentally  the  mention   of 


power-factor    correction,    which    has    been    used    so 
much  as  a  strong  argument  against  the  converter. 

It  is  true  that  by  the  use  of  an  automatic  regula- 
tor a  synchronous  motor  can  be  operated  at  a  pre- 
determined power-factor  at  all  loads,  say  at  unity,  but 
also  an  automatically  controlled  shunt-wound  rotary 
converter  can  be  operated  under  the  same  conditions. 

Starting — The  rotary  converter  and  the  motor- 
generator  have  the  same  starting  qualities,  and  can  be 
started  in  three  dift"erent  ways;  with  an  alternating- 
current  starting  motor;  from  the  alternating-current 
end  directly  ;  or  from  the  direct-current  end.  The  con- 
verter has  this  advantage,  however,  especiallv  in  small 
units,  that  it  can  be  made  self-synchronizing  when 
starting  with  a  small  alternating-current  motor.  It  is 
conceded  by  operating  men  that  it  is  easier  and  takes 
less  time  to  start  a  converter  and  put  it  in  service  than 
it  does  a  motor-generator. 

Hunting — The  rotary  converter  and  motor-gen- 
erator of  modern  design  are  free  from  hunting  under 
practically  all  ordinary  operating  conditions,  due  to 
improvement  in  design  of  pole  faces  and  the  intro- 
duction of  damper  windings.  The  parallel  running  of 
a  converter  on  the  alternating-current  side  is  some- 
what better  than  the  parallel  running  of  a  syn- 
chronous motor-generator  set  because,  the  rotating 
part  being  lighter,  the  speed  can  be  more  easily 
changed  to  meet  any  sudden  changes  of  frequency, 
and  especially  when  a  sudden  heavy  load  is  thrown 
on.  The  motor-generator  has  necessarily  more  fly- 
wheel effect.  The  synchronizing  current  taken  by  a 
converter  is  only  limited  by  the  line  resistance  and 
the  resistance  and  self-induction  of  its  armature. 

Power-Factor — The  power-factor  in  both  cases 
can  be  adjusted  to  any  desired  value  by  varying  the 
excitation.  It  is  generally  arranged  in  a  converter  so 
as  to  have  a  lagging  current  below  or  at  full  load, 
and  a  leading  component  either  at  full  load  or  when 
overloaded.  The  self-excitation  of  the  converter 
tends  to  maintain  the  relative  values  of  the  line  voltage 
and  machine  counter  e.m.f.  A  converter  is  also  less 
subject  to  armature  reaction  (which  means  less  ten- 
dency to  decrease  the  counter  e.m.f.  with  an  increase 
of  load).  Both  of  these  effects  tend  to  allow  less 
power-factor  variation  of  the  machine  with  constant 
excitation,  but  varying  line  voltage,  than  is  the  case 
with  the  motor-generator.  In  both  types  of  machinei 
there  is,  however,  a  limit  in  the  power-factor  adjust- 
ment, beyond  which  it  is  not  safe  to  operate  either 
machine.  Due  consideration  should  be  paid  to  this 
fact  in  adjusting  the  field  excitation  of  a  converter 
for  certain  load  and  power-factor,  as  otherwise  there 
develops  an  excessive  heating  in  the  armature  wind- 
ing, especially  near  the  collector  ring  taps. 

Compounding — The  rotary  converter  is  essen- 
tially a  rotating  armature  machine  with  stationary 
field,  which  can  easily  be  compounded  either  with  a 
series   field   winding    or    with     auxiliarv   shunt   coils. 
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allowing  an  automatic  control  of  the  field  strength. 
The  motor-generator  is  in  general  of  the  rotating  field 
type,  especially  for  higher  voltages.  While  it  is  not 
impossible  to  compound  a  rotating  field  machine,  it 
is  not  an  easy  matter  and  it  is  not  the  practice. 

The  comjjounding  of  the  converter  field  governs 
the  rising  characteristic  of  the  power-factor  curve, 
as  shown  on  Fig.  i ;  while  the  absence  of  compound- 
ing reverses  the  direction  of  this  curve  in  the  motor- 
generator.  A  slight  departure  from  the  curves  in 
Fig.  I  can  be  obtained  by  adjusting  the  field  satura- 
tion for  some  particular  characteristic  without,  how- 
ever, altering  their  general  course. 

Efficiency — The  rotary  converter  has  a  notable 
advantage  over  any  other  type  of  converting  ap- 
paratus in  that  the  losses  are  confined  to  one  machine. 
In  comparing  the  qualities  of  different  machines  it  is 
very  important  to  consider  the  bases  of  their  ratings. 
In  a  station  provided  with  converters  it  is  in  most 
cases  perfectly  safe  to  have  all  the  converters  fully 
loaded  and  allow  them  to  be  overloaded  before  a  new 
machine  is  started  up.  This  is  because  a  converter 
can  take  50  percent  overload  for  some  time,  and  even 
100  percent  without  serious  commutation  trouble  for 
a  time  sufficient  to  start  and  connect  an  additional 
machine.  This  cannot  be  done  as  easily  and  with 
the  same  degree  of  safety  with  a  motor-generator. 

Commutation — As  there  is  very  little  field  dis- 
tortion in  a  rotary  converter,  its  commutation  qual- 
ities cannot  be  excelled  even  with  the  widest  ranges 
of  load.  Up  to  two  and  three  times  full  load  can  be 
collected  from  a  modern  converter  without  excessive 
sparking  or  flashing,  and  a  considerable  overload  can 
be  commutated  sparklessly.  This  great  overload  ca- 
pacity is  due  not  only  to  its  good  commutating  qual- 
ities, but  to  small  copper  losses  in  the  armature. 

Risks  of  Breakdown  are  considerably  reduced  in 
a  rotary  converter  because  there  is  no  high  voltage  on 
the  running  machine,  and  there  is  only  one  running 
machine  to  break  down  instead  of  two.  A  well-insu- 
lated static  transformer  is  very  much  less  likely  to 
break  down  than  a  high  voltage  armature.  Even  if 
one  transformer  breaks  down,  the  full  load  can  be 
carried  on  the  other  two  for  short  periods  or  part  load 
continuously. 

Voltage  Regulation — Motor-generators  have  a 
decided  advantage  over  rotary  converters  in  cases 
where  the  voltage  on  the  direct-current  end  has  to  he 
regulated  within  a  wide  range,  due  either  to  large  vari- 
ations in  the  supply  voltage  or  to  peculiar  requirements 
on  the  direct-current  side.  Even  in  such  cases  voltage 
adjustment  within  limits  wide  enough  to  meet  all  prac- 
tical operating  requirements  can  be  obtained  on  the 
direct-current  side  with  the  addition  of  boosters  or 
regulating  poles  to  the  converter.  This  regulation 
can  be  made  automatically  by  the  use  of  such  devices 
when  the  variations  exceed  ten  percent  buck  or  boost, 
or  by  the  use  of  automatic  induction-type  regulators. 


Attendance — The  attendant  has  to  care  for  only 
one  machine  with  the  converter,  while  with  a  motor- 
generator  there  are  two  machines,  or  three  if  there  is 
a  separate  e.xciter. 

Economic  Features — The  comparison  between 
the  two  types  of  converting  apparatus  has  been  made 
so  far  from  an  engineering  point  of  view.  In  order 
to  appreciate  fully  their  respective  merits  and  advan- 
tages, they  should  be  compared  while  at  work  in  the 
practical  field  of  operation.  Take,  for  instance,  an  in- 
dustrial power  installation,  purchasing  power  at  either 
2300  volts  or  higher,  and  requiring  300  kw  direct  cur- 
rent for  coal  mine  service.  The  question  which  first 
arises  is  the  selection  between  two  types  of  converting 
devices,  rotary  converter  or  motor-generator. 

We,  as  the  prospective  purchaser  whose  knowl- 
edge of  electrical  engineering  is  generally  limited,  will 
place  our  problem  before  those  more  able  to  advise 
us.  We  will  soon  receive  in  answer  bids  and  litera- 
ture on  both  motor-generators  and  converters,  to- 
gether with  performance  characteristics  and  guaran- 
tees. After  a  thorough  analysis  of  this  data  and  tab- 
ulations of  performances  and  prices,  we  find  that  the 
types  of  machines  compare  as  follows : 

Rotary  converter — 300  kw.,  three-phase,  60  cycle,  275  voiti 
direct-current,  compound  wound.  900  r.p.m.  self-starting 
from  the  alternating-current  end  with  three  no  k.v.a.  oil 
cooled  single-phase  transformers,  primary  2300  volts, 
secondary  at  converter  voltage   with  starting  taps. 

Synchronous  motor — 350  k.v.a.,  three-phase,  60  cycle,  2  300 
volts,  rotating  field,  direct-connected  to  a  300  kw,  27s 
volts,  commutating-pole,  compound- wound,  direct-cur- 
rent generator,  900  r.p.m.  and  direct-connected  exciter. 

EFFICIENCIES    IN    PERCENT    (OUTPUT — INPUT) 


Percent  load 

50 

75 

100 

125 

Rotary  Converter 

88.9 

91.8 

92.7 

93 

Transformers 

97.0 

97.6 

97.8 

97.7 

Combined  efficiencies 

86.3 

89.5 

90.6 

90.8 

Motor  generator 

82.4 

86.0 

87.2 

87.0 

Difference  in  favor  of 

rotary  converter 

3.9 

3.5 

3.4 

3.8 

PRICES 

Motor-generator  with  exciter  from  $4  650  to  $4  895 

Rotary  converter  with  transformers  from     4  280  to     4  350 

Difference  in  favor  of  rotary  converter  from        370  to        545 

Percent  saving  on  investment  from  7.95  to  11.13 

A  saving  of  from  $200  to  $300  could  be  effected 
in  the  purchase  of  the  motor-generator  set  by  omitting 
the  exciter  and  having  the  machine  self-exciting  from 
the  generator.  This  mode  of  excitation  is,  however, 
objectionable,  as  the  excitation  of  the  motor  field  is 
affected  by  the  fluctuation  of  voltage  with  load  varia- 
tion on  the  generator,  while  with  a  separate  exciter  a 
better  power- factor  control  can  be  secured.  Likewise, 
the  cost  of  transformers  for  the  converter  can  be  re- 
duced from  $123  to  $175  by  uing  one  three-phase  in- 
stead of  three  single-phase  transformers,  subject  to 
some  consideration  to  be  given  to  the  matter  of  break- 
down with  regard  to  continuity  of  service. 

An  examination  of  the  above  figures  would  nat- 
urally influence  one  in  favor  of  the  converter  for  two 
reasons ;  first,  better  efficiency  at  all  loads,  and  second, 
reduced  investment.  The  second  reason  is  undoubt- 
edly one  of  great  importance,  and  in   fact  one  that 
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too  often  rules  even  over  quality,  yet  in  this  case, 
very  luckily,  a  better  efficiency  is  coupled  with  econ- 
omy. The  question  of  efficiency  is  by  no  means  of 
less  importance  than  the  question  of  first  cost.  The 
result  of  better  efficiency  will  be  felt  throughout  the 
useful  life  of  the  apparatus,  as  it  usually  capitalizes 
several  times  the  saving  in  first  cost.  Therefore, 
efficiency  should  have  a  greater  weight  in  reaching  a 
decision  as  to  the  type  of  equipment. 

The  average  load-factor  in  the  bituminous  coal 
mining  industry  of  Pennsylvania  is  20  percent  of  the 
connected  load,  and  the  average  load  on  the  generat- 
ing plant  supplying  power  of  this  character  is  about 
50  percent  throughout  250  days  of  nine  hours  each 
during  the  year  of  operation.  The  over-all  efficiency 
under  these  conditions  is,  for  the  rotary  converter 
86.3  percent;  for  the  motor  generator  82.4  percent. 
The  difference  is  3.9  percent  in  favor  of  the  rotary 
converter  installation,  including  transformers. 

The  total  kilowatt-hour  output  requirements  for 
the  installation  in  question   for  one  year's  operation 
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FIG.   2 — COMPARISON    OF   EFFICIENCIES    OF   ROTARY   CONVERTERS 
AND   MOTOR-GENERATORS   OF  THE    SAME  RATING 

are  250X9X150=337  500  kw-hr.  per  year.  The  total 
kw-hr.  input  to  generate  power  is,  for  the  motor-gen- 
erator, 337  500-^82.4=409  587  kw-hr.  per  year ;  for 
the  rotary  converter,  337  500-^-86.3=391  075  kw-hr. 
per  year,  making  a  saving  with  the  converter  of  18  512 
kw-hr.  per  year,  which,  with  power  at  1.25  cent  per 
kw-hr.,  represents  a  saving  of  $231  annually  in  the 
cost  of  power  for  the  same  direct-current  output, 
equivalent  to  5.3  percent  of  the  investment  in  convert- 
ing apparatus.  This  yearly  saving  in  the  power  bill 
is  worth  serious  consideration  and  is  of  much  greater 
importance  than  the  small  difference  in  the  first  cost. 
This  important  economic  feature  of  the  operative 
efficiency  of  the  converter  assumes  still  greater  pro- 
portions in  the  case  of  larger  installations,  or  instal- 
lations with  a  better  load-factor,  or  where  power 
rates  are  higher  than  in  the  case  cited.  There  are  also 
other  occasions  where  power-factor  is  to  be  considered 
and  where  the  converter  is  admirably  adaptable. 


The  savings  previously  shown  concern  the  power 
customer,  but  the  power  company  is  also  directly 
benefited  in  two  no  small  ways — capital  investment 
and  operating  expenses.  The  power  company  dis- 
tribute its  electric  power  either  directly  from  its  gen- 
erating plant  at  voltage  up  to  22  000  volts,  or  else  at 
higher  tensions  over  transmission  lines,  with  step- 
down  transformer  substations  properly  located  to 
serve  given  communities  where  there  are  customers. 

Taking  the  case  most  generally  met  in  practice 
where  the  distribution  lines  carry  6600  or  11 000 
volts,  it  is  evident  that  a  converter  installation  can  be 
supplied  at  the  line  voltage,  thus  eliminating  a  capital 
investment  for  the  power  company  of  about  $1  400  in 
the  case  mentioned.  The  customer  is  to  provide 
transformers  to  step-down  to  converter  voltage,  as 
the  power  company  could  not  be  expected  to  supply 
apparatus  specially  constructed  for  such  an  odd  volt- 
age. On  the  other  hand,  the  customer  in  this  case 
will  be  required  to  pay  from  five  to  ten  percent  more 
for  the  transformers  if  the  primary  voltage  is  higher 
than  2  300  volts,  thus  increasing  the  cost  of  the  in- 
stallation from  $50  to  $140.  Even  with  this  additional 
expenditure,  the  cost  of  the  converter  will  be  below 
that  of  the  motor-generator,  while  the  saving  in  kilo- 
watt-hours will  remain  the  same.  It  is  true  that 
motor-generators  are  built  to  operate  on  circuits  of 
6  600  to  1 1  000  volts,  but  their  cost  is  proportionally 
higher,  and  the  safety  of  operation  at  this  voltage  rap- 
idly diminishes.  Therefore,  the  relative  differences  as 
to  investment  and  efficiency  remain  unchanged  be- 
tween the  two  classes  of  machines. 

The  power  company,  being  able  to  sell  its  power 
at  the  line  voltage,  6  600  or  1 1  000  volts,  will  be  in  a 
better  position  to  serve  and  reach  customers,  especially 
if  they  are  located  at  some  distance,  and  is  further- 
more able  to  extend  the  field  of  operation  at  a  reduced 
capital  investment.  Its  operating  expenses  are  im- 
proved to  the  extent  of  the  transformation  losses, 
which  are  in  this  case  entirely  eliminated,  being  part 
of  the  efficiency  of  the  rotary  converter. 

Transformers  of  the  capacity  required  for  an  in- 
stallation of  the  size  given  previously  (three  no  k.v.a. 
single-phase  or  one  330  k.v.a.  three-phase  trans- 
former) have  in  general  an  efficiency  of  97  percent 
at  50  percent  load.  The  transformation  losses  being 
borne  by  the  customer,  it  is  fair  to  expect  that  the 
transformers  will  be  disconnected  from  the  line  when 
the  power  is  not  needed.  The  transformer  losses  can 
therefore  be  computed  on  the  basis  of  the  input  given 
before,  or  for  the  motor-generator,  409090X0.03= 
12270  kw-hr.  per  year,  and  for  the  converter. 
390  625X0.03=11  718  kw-hr.  per  year,  giving  a  saving 
in  favor  of  the  rotarj'  converter  of  452  kw-hr.  per 
year.  On  the  basis  of  0.5  cent  per  kilowatt-hour,  the 
transformer  loss  saved  represents  to  the  power  com- 
pany a  net  saving  per  annum  of  $58. 

There  are  other  savings  affecting  the  power  com- 
pany transmission    lines    and    generating  equipment, 
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due  to  the  inherent  characteristics  of  the  power-fac- 
tor curve  of  a  converter,  which  is  slightly  leading  on 
overload.  These,  however,  are  to  be  computed  for 
each  case,  as  they  necessarily  vary  in  a  large  meas- 
ure, according  to  conditions.  This  ad\antagc  is  nc\er- 
theless  a  very  important,  far-reaching  one,  and  should 
not  be  overlooked. 

The  total  saving  resulting  from  the  converter  in- 
stallation in  the  example  taken  can  be  summarized  as 
follows : 

To   the   Customer: 

Capital  investment  reduced  from  five  to  eiglit  percent. 

Six  percent  interest  on  $500  tliat  otherwise  would 
have  been  invested    $  18 

Reserve  depreciation  for  15  years  on  $300  that  other- 
wise would  have  been  invested  in  cost  of  apparatus.       20 

Saving   in   power  consumption 2ji 

Total  saving  per  annum $269 

or  equal  to  about  five  percent  of  the  investment  on 
the  rotary  converter. 
To   the  Power  Company: 

Capital   investment  $1  400  saved. 

Interest  on   the  investment,   si.x   percent  per  annum..  $  82 

Reserve  depreciation   15   years  on  $1400 93 

Maintenance  of  transformers    10 

Insurance  and  taxes,  one  percent 14 

Transformer    losses    58 

Total    savings    per    annum $257 

It  can  be  seen  that  the  savings  are  about  evenly 
divided   between   the   customer   and   the   ix^wer   com- 
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pany.  There  is  still  another  very  important  feature 
which  can  be  incorporated  in  the  advantages  of  a  con- 
verter installation,  and  one  which  is  very  valuable  in 
coal  mining  operation  as  well  as  in  many  other  in- 
dustries using  power.  In  most  cases  it  is  found  that 
part  of  the  power  required  in  the  industrial  installa- 
tion can  be  used  without  conversion,  but  the  primary 
voltage  should  be  low  enough  to  permit  its  use  with 
safety  to  the  operator  or  to  the  apjiaratus,  such  as 
pumps,  small  fans,  hoists,  and  other  power  applica- 
tions, as  well  as  lighting.  In  such  cases  the  trans- 
formers originally  intended  for  the  converter,  requir- 
ing apiiroximately  170  volts,  can  he  provided  with  a 
larger  capacity  and  with  secondary  windings  to  de- 
liver 220  volts,  so  as  to  supply  such  load  as  is  re- 
quired at  low  voltage,  and  having  converter  voltage 
taps  brought  out  on  the  secondary  windings.  .\  stvle 
of  connection  for  an  installation  of  this  character  is 
shown  in  Fig.  3.  This  same  system  of  connection 
can  be  adapted  for  a  higher  voltage  installation — for 


instance  in  the  case  of  a  550-volt  converter  with  trans- 
formers having  440-volt  secondaries — by  supplying  the 
load  at  this  voltage  and  the  corresponding  converter 
voltage  from  taps. 

Tlie  princi]ilc  shown  in  Fig.  3  reduces  the  in- 
vestment considerably,  and  serves  two  purposes,  as 
it  also  eliminates  considerable  accessory  apparatus. 
However,  it  should  be  borne  in  mind  that  the  alter- 
nating-current load  to  be  supplied  must  be  liinited  to 
a  fraction  of  the  total  capacity  of  the  converter  and 
not  exceed  one-third  of  its  kilowatt  rating;  oth- 
erwise the  oi)eralion  of  the  converter  and  the 
motors  is  likely  to  be  seriously  affected  on  ac- 
count of  the  high  reactance  necessary'  for  the  trans- 
formers of  a  self-starting  converter,  and  also  to  in- 
sure proper  compounding  characteristics.  Were  the 
motor  load  of  a  larger  proportion,  the  regulation  of 
the  motor  load  at  low  power-factor  would  be  very 
poor,  and  it  would  also  be  affected  by  the  converter 
load.  Vice  versa,  the  motor  load  would  affect  the 
compounding  of  the  converter.  This  scheme  is  suit- 
able in  many  cases  in  installations  where  the  propor- 
tion of  the  alternating-current  load  does  not  exceed 
33  percent  of  the  direct-current  and  both  are  sup- 
jjlied  from  the  same  transformers.  Where  this  per- 
centage is  exceeded,  it  is  better  to  provide  separate 
transformers. 

The  advantages  of  this  scheme  are  readily  ap- 
parent. It  answers  two  requirements  in  a  very  eco- 
nomical way  and  also  reduce>  considerably  the  first 
cost  of  the  installation  and  gives  a  better  efficiency  by 
eliminating  part  of  the  converting  losses. 

From  the  point  of  view  of  the  simplest  analysis, 
if  we  compare  the  motor-generator  and  the  rotary 
converter  in  their  modus  operandi,  that  is  the  two  con- 
verting processes,  we  see  that  the  motor-generator 
transforms  an  electrical  power  into  mechanical  power 
and  back  again  into  an  electrical  power.  These  suc- 
cessive transformations  involve  losses.  This  process 
is  inefficient  and  retrogresses  somewhat  in  our  pro- 
gressive age,  as  it  is  unnecessary  and  wasteful  to  re- 
generate electrical  power  on  a  small  scale.  It  is  far 
simpler  to  utilize  the  alternating-current  as  received 
from  the  central  ])ower-house  (where  it  is  generated 
economically  on  a  large  scale  I  and  simply  commu- 
tate  it  into  a  unidirectional  current  with  the  least  pos- 
sible losses.  The  converter  is  better  adapted  for  this 
purpose  than  any  otlier  machine. 

A  combination  of  transformer  and  rotarv'  con- 
\erter  in  one  machine  (as  has  been  done  abroad  in 
the  motor  converter)  and  additional  improvements  in 
the  converting  apparatus,  may  further  simplify  this 
operation  and  liroaden  the  field  of  usefulness  of  this 
type  of  machine. 

The  improvements  in  the  design  and  construc- 
tion of  the  60-cycle  rotary  converter  make  it  one  of 
the  best  types  of  apparatus  from  all  points  of  view, 
such  as  ruggedness.  simplicity,  efficiency,  overloading 
ability,  low  first  cost  and  cost  of  operation. 


A  100  000- Volt  Portable  Substation' 


C.  I.    BlRKHOLDER, 

General  Manager,  Southern  Power  Company 

and 

Nicholas  Stahl 


IN  JULY,  1914.  there  was  put  into  service  on  the 
system  of  the  Southern  Power  Company,  a  port- 
able transformer  substation,  unique  in  several 
respects,  particularly  in  the  actual  capacity  of  4  000 
k.v.a.  and  in  the  adaptation  of  the  apparatus  for 
operating  potentials  as  high  as  100  000  volts.  The  idea 
originated  from  the  growth  of  the  Southern  Power 
Company,  the  need  for  some  means  of  extending  at 
will  the  connections  of  the  system,  and  the  somewhat 
unusual  transportation  facilities  along  its  transmis- 
sion lines.  At  present,  about  i  000  miles  of  100  000 
volt  circuits  are  in  operation,  with  nearly  550  miles 
more  of  44000  volt  lines,  besides  90  miles  at  13200 
volts  and   the   regular  distribution    circuits    at    2  200 


FUNCTIONS 

Such  a  station  must  be  capable  of  supplying  ade- 
quate  transformer   relays    for   the   following   uses: — 

I — Spare  capacity  for  even  the  largest  stations. 

2 — Temporary  replacement  of  a  distributing  or  tie-in 
sub-station  being  enlarged  or  rebuilt. 

3 — Break-down  replacement  of  a  sub-station. 

4 — Emergency  stand-by  service  to  or  from  neighboring 
transmission  companies,  central  stations  or  isolated 
plants. 

5 — "Power  service"  at  town  or  mill,  pending  the  deter- 
mination of  the  proper  permanent  sub-station  equip- 
ment. 

6 — Tentative  service  for  mill  or  other  prospective  cus- 
tomers. 

7 — "Power  solicitor  service"  with  those  needing  power 
immediately. 

8 — Miscellaneous  emergencies. 
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volts.  The  high-tension  circuits  are  connected  in  the 
multi-meshed  network  shown  in  Fig.  i.  The  con- 
nected transformer  capacity  is  approximately  365  000 
k.v.a.  Closely  parallel  to  these  circuits  run,  for  an 
3'g'g''egate  distance  of  about  700  miles,  one  or  more 
of  the  following  railroad.s: —  Southern,  Seaboard 
Air  Line,  Atlantic  Coast  Line,  Piedmont  &  Xorthern. 
and  Clinchfield,  thus  ofifering  a  tempting  opportunity 
for  the  use  of  a  portable  substation  equipjied  to  serve 
a  variety  of  purposes. 


♦Revised  by  the  authors  from  a  paper  before  the  Ameri- 
can Institute  of  Electrical  Engineers,  Feb.   17,   1915. 


REQUISITE   CHAR.\CTERISTICS 

To  perform  these  functions  satisfactoTily,  the 
equipment  must  (a)  admit  of  transport  over  standard 
steam  and  electric  railways,  i.e.,  not  exceed  the  limit- 
ing dimensions  and  weights  involved  in  passage 
through  tunnels,  over  bridges  or  under  tracks;  (b) 
make  such  parts  as  would,  in  service,  extend  beyond 
railroad  clearances,  capable  of  easy  and  rapid  disas- 
sembly and,  after  transport,  similar  reassembly  ready 
for  operation  in  the  new  location  ;  (c)  insure  obtaining 
suitable  nominal  \oltage  for  both  tran.smission  and 
distribution  circuits:  i.d)  admit  of  varying  these 
nominal  voltages  by  moderate  gradations  to  meet  line- 
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drop  conditions  at  various  places;  {e)  furnish  suit- 
able high  and  low-tension  switch  gear,  instruments  ani 
metering  devices;  (/)  protect  fragile  parts  from 
damage  by  malicious  mischief,  while  in  transit  or  un- 
attended during  out-of-service  periods ;  {g)  carry  all 
accessories  for  a  self-contained  unit,  such  as  lifting 
devices    for   extensible    parts,     spare    breakable     ap- 


FIC.    2 — SUB-STATION    IN    OPERATION    ON    44  000   VOLT    CIRCUIT 

paratus,  etc.;  (/i)  conform  to  requirements  of  Inter- 
state Commerce  Commission  for  freight  car  service. 
The  problem  of  combining  these  characteristics 
to  perform  the  desired  functions  found  its  chief  diffi- 
culties of  solution  in  carrying  safely  on  a  single  car 
the  weights  incident  to  such  high-powered  apparatus, 
and  insuring  necessary  clearances  for  the  high-volt- 
age circuits.*  The  question  of  weight  involved  sym- 
metrical loading  of  the  car  without  prejudice  to  tlie 
workability  of  the  apparatus,  while  proper  clearances 
for  100  000  volt  circuits  within  the  space  limitations 
of  a  single  car  (an  essential  criterion  established  by 
the  operating  company)  made  necessary  the  choice  of 
airbreak  switches   of  the  horn  type  with   wide   spac- 


two  enclosed  cabs,  are  arranged  alternately  along  the 
length  of  the  car,  and  occupy  the  entire  floor  space 
except  for  a  railed-in  walkway  for  trainmen  at  one 
side.  Each  transformer  weighs  29000  lbs.,  and  one  is 
located  over  each  truck,  with  the  third  near  the  cen- 
ter. Six  built-up  steel  columns,  with  cross  bracing 
I)rovide  supports  for  the  high-voltage  switches,  and 
also  form  a  rigid  framework  to  which  the  cab  sheath- 
ing, the  oil  switches,  and  the  switchboard  are  attached 
as  shown  in  Figs.  2  and  3. 

The  capacity  of  the  car  is  120 ocx)  lbs.;  its  princi- 
])al  dimensions  arc  : — 

Length   over   sills 38  ft.  0  in. 

Width    over    sills 9  ft.  o  in. 

Truck   centers    26  ft.  o  in. 

Height  from  top  of  rail  to  car  floor....     3  ft.  7  in. 

Wheel   base   of   each   truck 5  ft.  2  in. 

The  framework  of  the  car  is  specially  reinforced 

and  braced,  and  buffers,  air-brakes,  springs,  etc.,  are 

provided  in  accordance  with  M.  C.  B.  standards. 
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Fir,.    3 — SUB-STATION    IX    OPERATION    AT    HICKORY,    N.    C,    AT 
44  000  VOLTS 

ings  from  pole  to  pole,  and  horns  located  above  other 
apparatus  to  allow  the  arcs  to  clear. 

DESCRIPTION    OF  EQUIPMENT 

General  Arrangement — Three   i  000  k.v.a.  trans- 
formers,   three   high-voltage    horn-gap    switches,    and 


*The  successful  solution  is  due  in  large  measure  to  Mr. 
George  N.  Lemmon  for  the  treatment  of  the  various  parts 
so  as   to   render   unnecessary  any  changes  after  installation. 


FIG.   4 — ELEV.\TI0N   OK   HIGH-TENSION    SWITCH    AND    STRUCTURE 

High-Tension  Sivitchcs — Three  double-break 
horn-gap  switches  are  arranged  transversely  on  the 
car,  each  being  caried  on  a  steel  base  which,  to  se- 
cure proper  clearance  height  for  the  horns,  slides 
\crtically  inside  the  main  columns,  and  can  be  raised 
or  lowered  by  means  of  two  small  windlasses.  Simul- 
taneous operation  of  the  switches  is  obtained  by 
means  of  a  pipe  rod  connected  to  a  crank  on  each 
>witch. 

The  sw'itch  bases  slide  up  and  down  in  guides, 
and  each  switch  has  four  insulators  of  the  post  type, 
comprising  six  14  in.  porcelain  disks.  The  blade  is 
of  special  brass  tee,  pivotally  mounted  on  the  two 
central  insulators,  thus  giving  a  break  between  a  pair 
of  horns  at  each  end  of  the  blade,  as  shown  in  Fig. 
4.  The  total  clearance  between  the  terminals  of  an 
open  switch  is  six  feet.  Each  insulator  weighs  175 
lbs.,  the  total  weight  of  each  unit  being  950  lbs.  The 
passage-way  for  trainmen  and  operators  limited  the 
distance  the  switches  might  be  lowered,  and  hence  it 
was  necessary  to  make  the  horns  detachable. 
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High-Tcnsion  Delta — To  establish  the  high-ten- 
sion delta  with  sufficient  clearance  for  looooo  volt 
operation,  the  second  and  third  transformer  terminals, 
counting  from  the  left  in  Fig.  3  are  connected  di- 
rectly to  the  inboard  end  of  the  middle  switch,  while 
the  fourth  and  fifth  terminals  similarly  connect  with 
the  right-hand  switch,  the  first  terminal  joining  the 
left-hand  switch  directly,  and  the  delta  is  closed  by 
bringing  to  this  switch  a  lead  from  the  sixth  terminal 
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FIG.    5 — SUB-STATION    DIS.'^SSEMBLED    FOR    TRANSIT 

by  means  of  two  post  type  insulators  with  special 
bases  which  hook  over  the  latticed  strut  so  that  the 
insulators  lean  outwardly  at  an  angle  of  about  45  de- 
grees, and  require  no  bolts   for  proper  support. 

Transformers — Space  limitations  were  imposed 
by  tunnel  and  bridge  clearances,  by  the  necessity  for 
symmetrical  truck  loading,  by  the  Interstate  Com- 
merce Commission  requirement  of  a  passage-way  for 
trainmen,  and  by  the  desirability  of  keeping  down  the 
over-all  length  of  the  car.  Thus  arose  the  necessitj 
for  provision  of  additional  cooling  arrangements  for 
the  oil-cooled  transformers  which  were  secured  dv  a 
20  hp.  motor-driven  blower  having  capacity  for 
20  000  cu.  ft.  of  air  per  minute  at  i  oz.  pressure,  forc- 
ing air  from  the  cab,  shown  on  the  right  in  Fig.  8, 
through  suitable  ducts  surrounding  the  base  of  each 
transformer,  and  up  along  the  corrugations.  The  sup- 
ply of  this  air  can  be  regulated  by  adjustable  shields 
or  screens  at  the  transformer  base.  The  air  closely 
hugs  the  corrugations,  so  that  for  adequate  cooling  it  is 
not  necessary  to  carry  up  the  enclosing  casing  further 
along  the  sides  of  the  transformer.  A  hinged  portion 
of  the  cab  sheathing,  which  is  padlocked  shut  in  tran- 
sit, is  open  when  in  service,  and  senes  as  an  awning- 
like protection  for  the  blower  intake.  Although  the 
main  transformers  are  nominally  rated  at  i  000  k.v.a. 
each,  test  results  show  heat  dissipation  such  that  the 
station  may  have  an  output  of  4000  k.v.a.  without 
exceeding  standard  temperature  rise.  On  the  same 
basis  the  permissible  station  capacity,  without  the 
blower,  is  easily  2  000  k.v.a. 

To  allow  transport  through  tunnels  and  under 
bridges,  it  is  necessary  to  house  the  transformer  ter- 
minals, and  to  lower  the  high-tension  switches.  In 
the  case  of  the  transformer  terminals,  this  is  accom- 


plished by  rigging  a  wooden  derrick  on  top  of  the 
frame  work.  The  terminals  are  lowered  through 
openings  in  the  tops  of  the  cabs,  where  special  steel 
racks  are  provided,  including  sheet  steel  cylinders, 
which  co\er  the  ends  of  the  t(?rminals  normally  under 
oil,  and  prevent  the  entry  of  moisture  to  the  condenser 
bushings. 

Flexibility  of  Connect  iom — The  high-tension 
winding  is  divided  into  six  equal  independent  groups 
for  16666  volts,  with  a  tap  for  13  200  volts,  as  shown 
m  Fig.  7.  By  connecting  these  groups  into  parallel, 
series  and  series-parallel  combinations,  it  is  possible 
to  arrange  for  the  following  high-tension  voltages:— 

100  000  69466  43066 

96  533  66  666  40  266 

93  066  66  000  39  600 

89  600  63  200  36  800 

86  800  60  400  34  000 

86  133  59  7i3,  3i  ?,33 

83  333  56  933  29  866 

82666  56266  30533 

79866  53466  27066 

79200  52800  26400 

76  400  50  000  23  600 

7Z  600  47  200  20  133 

72  933  46  533  16  666 

70  133  43  733  13  200 

The  current-carrying  capacity  of  the  windings  is 
such  that  28  out  of  these  42  possible  high-tension  ar- 
rangements can  be  used  with  rated  capacity  output 
from  the  transformer  (1000  k.v.a.)  without  exceed- 
ing a  temperature  rise  of  40  degrees  C.  The  low- 
tension  windings  provide  for  full  capacity  output  at 
2200,  4400,  6600  and  13200  volts.  Therefore,  out 
of  the   168  possible   ratios  of  transformation    112  of 


FIG.    6 LOW£i<I.\(.     TKA.NsFOk.MtR    TtKMi.SALS     INTO    POSITION 

Car  in  operating  location  at  King's  Mountain.  N.  C. 

these  combinations  can  be  secured  with  full  capacitv 
of  the  transformer. 

Auxiliary  Transformer  JVinditigs — Small  lead- 
covered  wires  are  also  broug'ht  out  from  the  low- 
tension  sides  of  the  transformers  from  separate  single- 
phase  windings  of  10  k.v.a.  capacity  each  at  no  volts 
which  provide;  first,  current  for  the  blower  motor, 
regardless  of  what  may  be  the  high-tension  or  low- 
tension  voltages  of  the  main  windings ;  second,  light- 


146 


THE  ELECTRIC  JOURNAL 


ing  for  the  car ;  tliird,  source  of  voltage  for  the  in- 
struments. 

The  Low-Tension  Delta  is  established  inside  the 
switch  cab  shown  at  the  right  of  Fig.  8,  the  leads  be- 
ing brought  by  the  heavy  lead-covered  cables  indi- 
cated, to  a  point  near  two  switches,  the  far  sides  of 
which  are  connected  together,  and  jointly  feed  the 
outgfjing   low-tension    leads,    which    pass    out    of    the 
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FIG.    7 — DIAGRAM    OF   TRANSFORMER    WINDINGS 

rear  wall  of  the  switch-cab,  through  porcelain  bush- 
ings let  into  a  treated  wood  terminal  block,  shielded 
from  drip  from  the  eaves. 

Wiring  and  Szvitcli  Gear — The  high-tension  wir- 
is  of  ibare  copper.  All  low-tension  wiring  is  lead- 
covered  cable,  the  main  leads  being  insulated  for 
13  200-volt  operation,  and  of  sufficient  capacity  to 
carry  full  transformer  outjiut  when  operated  at  2  200 
volts.  Suitable  voltmeters,  ammeters  and  watthour 
meters  are  mounted  on  a  panel,  containing  the  oper- 
ating handles  for  the  low-tension  oil  switches. 

In  order  to  provide  proper  metering  equipmeni 
two  sets  of  series  transformers  are  used  and  so  oper- 
ated from  a  pallet-switch,  mounted  on  one  of  the  oil 
switches,  that  when  one  of  these  switches  is  opened, 
the  corresponding  series  transformers  are  short-cir- 
cuited, and  the  series  transformers  for  the  other  oil 
switch  are  connected  to  the  metering  devices. 

General  Comments — The  type  of  steel  work  se- 
lected affords  ample  mechanical  rigidity  for  opera- 
tion and  transport,  and  at  the  same  lime  sufficient 
flexibility  to  withstand  injury  from  the  rough  hand- 
ling incident  to  switching  operations  on  steam  rail- 
roads. Special  attention  was  given  to  the  accessibility 
of  all  parts  and  ease  of  removal  in  case  of  accidental 
damage,  as  well  as  to  the  protection  of  all  parts  that 
might  be  liable  to  malicious  injury  while  the  station 
was  out  of  service.  In  addition  to  safeguarding  the 
high-tension  insulators  for  both  transformers  and 
switches,  this  includes  such  items  as  oil  gages,  ther- 
mometers, oil  valves,  blower  intake,  etc.  The  station 
is  self-contained  and  all  ])arts  of  the  equi]iment  are 
transported  on  the  car  when  in  transit.  The  total 
weight  of  the  installation,  including  car.  is  api)roxi- 
mately  135000  lbs.,  and  the  cost  of  such  an  installa- 
tion, complete  and  ready  to  run,  is  ai)])roximately 
$21  000  or  seven  dollars  per  rated  k.v.a. 


OPERATION 

To  place  the  equipment  in  service,  it  is  shipped 
by  rail  to  the  most  convenient  switch  or  siding,  where 
I)roi)er  connections  are  made  on  the  transformer  ter- 
minal board  reached  through  a  hand  hole  in  the  cover. 
The  derrick  is  then  erected  and  the  high-tension  ter- 
minals are  raised  out  of  the  cabs,  placed  in  the  trans- 
formers and  connected  to  the  terminal  boards.  Then 
the  horn-gap  switches  are  raised  to  position  and  con- 
nected to  the  operating  rod.  the  delta  insulators  are 
hooked  into  place,  connections  are  made  between 
switches  and  transformer  terminals,  and  the  station  is 
ready  for  connection  to  the  lines.  To  provide  addi- 
tional room  for  operators,  the  racks  which  support 
the  transformer  terminals  during  transportation  can 
be  removed  and  placed  at  the  back  of  each  cab. 

The  station  was  put  into  commission  at  Kings 
Mountain,  N.  C,  and  was  in  service  from  July  12  to 
26,  1914,  connected  to  the  44000  volt  transmission 
system,  stepping  down  to  2200  volts,  carrying  an 
average  load  of  2200  kw,  consisting  of  cotton  mills 
and  the  city  municipal  lighting  and  power  require- 
ments. At  this  point  the  substation  had  become  out- 
grown and  it  became  necessary  to  rewire  and  enlarge 
it.  Instead  of  i)Utting  in  temporary  work,  the  ])ort- 
able  substation  was  located  on  an  adjacent  railway 
siding  and  tapped  to  the  main  transmission  line  on 
the  primary  side.  The  various  feeders  from  the  per- 
manent station  were  connected  to  an  outside 
bus  which  was  in  turn  connected  to  the  low-ten- 
sion terminals  of  the  ])ortable  suljstation.  thus  cutting 
out  the  main  substation  entirely.  This  work  was  all 
done   with   practically  no  interruption  of  service  and 


FIG.  8 — RAISING    IlI(;H-TK\SION    SWITCIIKS    INTO   PLACE 
II V    WINDLASS 

permitted  the  work  of  rebuilding  the  permanent  sta- 
tion to  be  done  economically  and  expeditiously. 

On  the  night  of  July  30th  two  of  the  three  44  000 
volt  transformers  permanently  installed  in  the  sub- 
station at  Hickory,  X.  C,  failed  during  a  lightning 
storm.  The  portable  substation  was  immediately 
forwarded  to  this  point  and  picked  up  the  entire  load 
of  the  permanent  substation  at  3:30  A.  M.,  August 
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4th,  and  remained  in  operation  until  August  27th, 
carrying  an  average  load  of  1000  kw,  consisting  not 
only  of  cotton  mills,  but  also  of  numicii)al  light  and 
power  service.  The  permanent  substation  at  this 
point  is  located  about  two  miles  from  the  nearest 
railroad  siding.  A  2300  volt  circuit  extended  from  the 
permanent  station  to  a  mill  which  was  adjacent  to  this 
railroad  siding.  In  order  to  pick  up  the  total  load  the 
top  of  the  2300  volt  line  was  rebuilt  so  as  to  accom- 
modate three  44000  volt  conductors.  The  portable 
substation  was  then  connected  to  this  44000  volt  line, 
and  power  was  transmitted  back  to  the  perma- 
nent substation  over  the  2300  volt  line.  As  this  was 
of  comparatively  small  size,  it  was  necessary  to  oper- 
ate at  a  somewhat  increased  voltage  in  order  to  com- 
pensate for  the  line  drop. 

On  August  27,  1Q14,  the  substation  supplying  one 
of  the  mills  in  the  vicinity  of  Winston-Salem  was 
badly  damaged  by  fire.  The  portable  substation  was 
immediately  shipped  to  that  point,  and  the  service 
was  restored  on  August  30th.     The  station  remained 


in  operation  at  this  point  until  October  i8th,  carry- 
ing an  average  load  of  300  kilowatts.  During  this 
run  the  blower  was  not  used.  The  supply  mains  to 
the  mill  were  13  200  volts  primary  and  2200  volts 
secondary. 

When  the  station  was  taken  out  of  service  at 
Winston  it  was  returned  to  Charlotte  and  a  thorough 
examination  was  made  not  only  of  the  apparatus  of 
the  station  but  also  the  car  as  well,  and  no  defects  of 
any  nature  were  discovered.  No  difficulties  of  oper- 
ation were  experienced,  and,  as  a  matter  of  fact,  the 
operation  was  as  reliable  and  satisfactory  as  that  of 
the  permanent  stations  would  have  been.  In  addi- 
tion to  the  distance  from  Pittsburgh  to  Kings  Moun- 
tain, the  station  has  been  shipped  over  about  275 
miles  of  railroad  in  this  territory,  and  no  defects  of 
any  nature  have  become  apparent.  Notwithstanding 
the  conflicting  requirements  of  such  a  station,  and  the 
varied  functions  it  is  called  upon  to  perform,  the  test 
of  experience  has  demonstrated  the  adecjuacy  of  de- 
sign, and  yielded  an  operation  eminently  satisfactory. 


The  Application  of  Substation  Converting 

Apparatus 

Chas.  F.  Llovd 
Railway  &  Lighting  Dept., 
Westinghouse  Electric  cf  Mfg.  Company 

GREAT  STRIDES  have  been  made  in  the  devolopment  of  alternating-current  generating  and  trans- 
mission apparatus  in  recent  years,  which  make  it  possible  for  alternating  current  to  be  available  in  any  loca- 
tion at  a  very  low  cost  per  kilowatt-hour.  Since  it  is  necessary  to  have  direct  current  for  a  great  many 
purposes,  the  problem  of  the  converting  substation  is  one  of  prime  importance,  if  a  similar  degree  of 
economy  is  to  be  maintained.  It  is  the  intention,  therefore,  to  discuss  briefly  various  conditions  hav- 
ing to  do  with  the  application  of  suitable  converting  apparatus. 


SUBSTATION  converting  apparatus  usually  con- 
sists of  rotary  converters,  booster  converters 
or  mdtor-generators.  The  mercury  arc  recti- 
fier and  motor  converter  will  not  be  considered  in  this 
discussion,  since  the  former  has  not  yet  become  com- 
mercial, except  in  units  of  very  small  capacity,  while 
the  latter  has  not  been  built  or  used  in  this  country. 
The  present  indications  are  that  it  will  not  be  used 
to  any  great  extent,  due  to  the  ability  of  American 
engineers  to  produce  rotary  converters  that  fully  take 
care  of  possible  motor  converter  applications. 

To  select  successfully  the  proper  converting  ap- 
paratus, one  must  be  entirely  familiar  not  only  with 
the  inherent  characteristics  of  the  converting  appara- 
tus but  also  with  the  local  conditions  that  may  affect 
its  operation.  The  fact  is  that  many  of  these  points 
are  often  overlooked,  in  some  cases  resulting  in  im- 
proper applications.  Again,  very  often  improper  ap- 
plications appear  to  have  been  made  when  careful 
study  will  show  that  the  apparatus  has  been  properly 
applied  and  will  give  very  satisfactorv  results,  provid- 
ing certain  external  conditions  which  cause  trouble 
are  modified.     To  explain  the  situation   fully  an  en- 


deavor will  be  made  to  reach  conclusions  by  the  pro- 
cess of  elimination. 

Purely  from  the  standpoint  of  operating  econ- 
omy, the  rotarj'  converter  or  booster  converter  in  any 
capacity  is  superior  to  the  motor-generator.  In  the 
smaller  capacities  their  first  cost  is  in  excess,  and  in 
the  larger  capacities  less  than  the  motor-generator. 
The  greater  economy  to  be  obtained  with  the  con- 
verter will,  in  practically  every  case,  make  the  matter 
of  first  cost  of  relatively  small  importance.  In  refer- 
ring to  converter  economy,  it  should  be  understood 
that  transformer  losses  are  figured  in,  while  it  is  as- 
sumed that  the  motor-generator  can  be  wound  for  line 
voltage.  It  is  obvious  that  where  transformers  have 
to  be  used  with  the  motor-generator  the  difference  in 
economy  is  increased  by  several  percent.  In  most 
cases  where  the  difference  in  operating  efficiencies  are 
properly  capitalized,  the  results  will  show  that,  with- 
out other  consideration,  the  rotary  converter  or  booster 
converter  only  can  be  considered. 

The  typical  efficiency  curves,  shown  in  Fig.  2, 
of  a  1  000  kw  motor-generator  and  rotary  converter 
with  transformer  illustrate  the  above  statement,  show- 
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ing  a  difference  in  efficiency  at  full  load  of  slightly 
more  than  four  percent  in  favor  of  the  rotary  con- 
verter outfit.  As  an  example  of  capitalization,  assume 
that  the  outfit  will  operate  at  approximately  75  per- 
cent load  factor  for  approximately  5  000  hours  per 
year  with  current  at  one  cent  per  kilowatt-hour.  The 
curves  show  that  the  efficiency  of  the  motor-generator 
at  three-quarters  load  is  88.5  percent  while  a  similar 
rotary  converter  with  transformer  at  the  same  load 
would  give  an  efficiency  of  93.2  percent.  The  alter- 
nating-current in]>ut  will  therefore  be: — 

Motor-generator 750  -^  0.885  =  847  kw. 

Rotary  converter   with    transformer. ..  .750 -^  0.932  =  805  kw. 

Saving     42  kw. 

.Since  the  saving  of  42  kilowatts  is  continuous, 
the  saving  per  year  will  be  (42  X  5000  or)  210000 
kw-hrs.     At  one  cent  per  kvv-hr.  the  saving  per  year 


FIG.    I — A   4  000    KW   WF.STIN(;H0USE,   25   CYCLK.   6oO   VOLT.   2I4    R.P.M 

will  be  $2100.  Assuming  interest  and  other  charges 
as  15  percent  (a  very  reasonable  assumption),  this 
saving  represents  an  investment  of  $14000.  It  is  ob- 
vious, therefore,  that  this  difference  in  efficiency  is 
of  prime  importance,  esjiccially  since,  should  the  load- 
factor  be  poorer  than  that  assumed,  the  proportionate 
saving  will  be  greater. 

Where  alternating-current  feeder  line  conditions 
are  very  poor,  having,  for  instance,  excessive  ohmic 
drop,  severe  surges,  wide  frequency  fluctuations,  etc., 
the  induction  motor-generator  is  the  proper  applica- 
tion. Today  this  condition  is  rarely  met,  since  a  sys- 
tem to  be  consistently  efficient  must  afford  alternating- 
current  lines  with  comparatively  little  loss  and  be 
comparatively  free  from  frctjuency  variation,  surges, 
etc.     Practically  any  line  that  is  sufficiently  good  to 


allow  the  use  of  synchronous  apparatus  is  satisfactory 
for  converters.  The  choice  in  converting  apparatus, 
therefore,  usually  narrows  down  to  a  choice  of  syn- 
chronous motor-generators,  rotary  converters  or 
booster  converters. 

Alternating-current  line  power-factor*  is  often 
an  important  point  to  consider  in  selecting  converting 
apparatus.  The  power- factor  can  be  raised  by  re- 
ducing the  wattless  current  with  some  form  of  con- 
denser or  by  adding  energy  component  or  by  both. 
Neither  the  rotary  converter  nor  booster  converter  is 
applicable  as  a  condenser  in  any  sense,  since  each  is 
essentially  a  unity  power-factor  machine.t  However, 
the  synchronous  motor-generator  is  not  necessarily 
the  [jroper  application  where  higher  power-factor  is 
required.  The  desired  power-factor  improvement 
may  be  obtained  by  the  addition 
of  the  contemplated  load  at  unity 
power-factor,  or  if  condenser  ca- 
pacity can  be  added  economically 
it  may  be  desirable  to  use  a 
straight  condenser.  In  either  case 
the  converting  apparatus  should 
be  the  rotary  converter  or  booster 
converter.  Generally  speaking,  it 
is  rarely  economical  to  raise  a  sys- 
tem power-factor  much  above  90 
percent,  since  most  alternating- 
current  generators  are  designed 
for  power-factors  as  low  as  80  per- 
cent and  the  cost  of  condenser  ca- 
pacity to  raise  the  power-factor 
in  excess  of  90  percent  is  usually 
greater  than  the  cost  of  extra  line 
copper  to  carry  the  wattless  cur- 
rent. Again,  the  projier  location 
of  the  condenser  capacity  is  an  im- 
j  portant  factor  if  the  raising  of  the 
])ower-factor  is  to  benefit  the  dis- 
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tnbutmg  hnes.     lo  illustrate   the 
foregoing  remarks,  the  following  examples  may  be 

of  some  value  : — 

a — .\ssuining  an  average  load  of  2  a)o  kw  at  75  percent 
lagging  power-factor,  and  a  contemplated  addition  of  I  soo 
kw  in  converting  apparatus,  the  input  to  the  converting  ap- 
paratus will  be  roughly  1 650  kw.  The  ratio  of  the  added 
non-inductive  load  to  the  original  load  is  1650  -^  2000  or 
0.825.  Following  horizontally  from  the  ordinate  of  Fig.  3 
at  0.825  to  the  curve  for  75  percent  power-factor,  read  down 
vertically  lo  find  a  resulting  power-factor  of  90  percent.  In 
this  case,  therefore,  condenser  capacity  would  hardly  be 
economical.  The  proper  application  would  then  he  rotary 
converters  or  booster  converters. 

b — .Assume  the  same  average  load  but  at  approximately 
55  percent  power-factor  and  a  contemplated  addition  of  i  500 
kw  in  converting  apparatus.  Fig.  4  shows  a  simple  circle 
diagram  for  arriving  at  the  amount  of  condenser  capacity 
required  to  raise  the  system  power-factor  to  90  percent. 
After  constructing  a  circle  of  unit  length  draw  a  line  OA 


*See  article  by  N.  Stahl  on  "Synchronous  Motors  for 
Power  Factor  Correction."  in  the  Journai-  for  Oct.,  191 1, 
P-  943- 

tSee  article  by  N.  Stahl  on  "Power-Factor  Correction 
by  Rotary  Converters,"  in  the  Journ'.^l  for  Feb..  1912,  p.  150. 
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througli  the  origin  of  the  circle  and  the  point  where  the 
vertical  projection  of  the  55  percent  power-factor  pointy  in- 
tersects the  circle.  The  vertical  line  from  2000  k\v  (GD) 
represents  the  wattless  k.v.a.  of  the  line.  To  add  a  con- 
verting unit  of  I  300  kw  capacity  (i  650  k.v.a.  input)  at  unity 
power-factor,  draw  a  line  at  right  angles  to  GD  from  the 
point  D  equal  to  I  650  kw  on  the  scale  (DE).  A  line  through 
OE  intersects  the  circle  at  B  showing  a  resultant  power- 
factor  of  approximately  77  percent.    It  is  obvious  that  if  the 


ally  increase  the  load  on  the  substation  feeders,  thus  render- 
ing their  regulation  poorer.  The  only  possible  gain  will  be 
the  raising  of  the  generator  power-factor.  To  obtain  the 
most  benefit  from  a  condenser,  it  must  be  located  as  close  as 
possible  to  the  apparatus  requiring  wattless  current,  since  in 
such  a  location  it  not  only  relieves  the  generators  from  sup- 
plying the  wattless  current,  but  the  distribution  lines  are 
also  relieved.  In  obtaining  the  proper  location  of  condenser 
capacity,   it   is  very   often   more   economical   to  use   a   rotary 
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FIG.    2 — C0MP.-\R.\TIVE   EFFICIENCY   CURVES    FOR   ROTARY    CONVERTER 
AND   MOTOR-GENERATOR  OF   THE   SAME    ( I  000  KW)    OUTPUT 

resultant  line  power-factor  is  to  be  raised  to  90  percent,  some 
condenser  capacity  is  required.  Since  in  a  vector  diagram, 
wattless  k.v.a.  is  always  plotted  at  right  angles  to  the  power 
components,  construct  a  vertical  line  from  E  downward  until 
it  intersects  the  line  OC.  The  line  EF  represents  the  watt- 
less k.v.a.  (1230  k.v.a.)  to  raise  the  system  power-factcT  to 
90  percent  after  the  addition  of  I  650  k.v.a.  at  unity  power- 
factor.  The  line  DF  completes  the  triangle  and  represents 
the  k.v.a.  input  to  the  converting  apparatus.  The  converting 
apparatus,    therefore,    should   consist   of   a    I  500   kw    motor- 


/ 

/ 

/ 

/ 

/ 

/ 

/ 

1 

// 

A 

/ 

/ 

/ 

,/ 

/ 

/ 

1  1 

/ 

/ 

/ 

/ 

f 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

..la. 
-»-0  4 

/ 

/ 

/ 

/ 

/ 

/ 

1 

/ 

/ 

/ 

/ 

1 

/ 

y 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

1 

S. 

y 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

1 

OJ 

$ 

^ 

/ 

/' 

y 

/ 

/ 

/ 

/ 

/ 

/ 

f 

/ 

/ 

y 

/ 

y 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

y 

y 

y 

y 

/ 

<^ 

/ 

/ 

/ 

/ 

"t, 

0 

t 

5 

7 

0 

75 

PoUr-Faet 

J 

or  —  Percent 

a 

& 

90 

s 

5 

FIG.    ,3 — CURVES     SHOWING    THE    EFFECT  OF     ADDITI0N.\L     NON-INDUCTIVE     LO.\D 
ON    THE    POWER-FACTOR    OF    A    CIRCUIT 

Z- =  added  non-inductive  load;  P  ^  original  load.  The  ratio  L:P 
being  determined,  it  is  located  on  the  vertical  as  the  ordinate  of  the  curve 
at  the  original  power-factor.  The  abscissa  of  this  point  is  the  power- 
factor   Sue   to   the   added   non-inductive  load. 


generator  with  a  motor  capable  of  operating  at  80  percent 
leading  power-factor,  or  of  a  1 500  kw  converter  with  a 
I  230  k.v.a.  synchronous  condenser,  depending  upon  which  is 
the  most  economical  after  considering  the  local  conditions 
surrounding  the  application. 

c — Assume  that  the  new  substation  is  to  be  supplied  from 
separate  feeders  as  is  usually  the  case.  The  location  of  the 
condenser  capacity  in  the  substation  with  this  arrangement 
will  not  help  out  the  alternating-current  lines  and  will  actu- 


FIG.  4 — CONSTRUCTION  METHOD  FOR  DETERMINING  THE  EFFECT  OF 
NON-INDUCTIVE  OR  INDUCTIVE,  LOAD.  OR  BOTH,  ON  A  GIVEN 
ORCUIT 

converter  or  booster  converter,  with  a  separate  synchronous 
condenser  located  at  the  proper  point,  than  a  synchronous 
motor-generator  to  operate  at  a  leading  power-factor. 

From  the  foregoing  analysis,  assuming  norinal 
alternating-current  line  conditions  which  allow  the  use 
of  synchronous  apparatus,  the  conclusion  can  safely 
be  drawn  that  the  synchronous  motor-generator  is  ap- 
plicable where  condenser  capacity  is  required, 
but  then  only  where  the  first  cost  and  econ- 
omy of  operation  make  its  application  desira- 
ble in  pi-eference  to  the  rotary  converter  or 
booster  converter  with  separate  condenser. 

The  rotary  converter  (shunt  or  com- 
pound wound,  but  usually  compound  wound, 
which  will  be  assumed  in  the  following  dis- 
cussion) is  suitable  for  most  railway  and 
industrial  applications.  \\'here  close  voltage 
adjustment  is  required  or  independent  volt- 
age control  is  necessary,  the  booster  con.- 
\erter  is  applicable.  It  is  most  widely  used 
for  feeding  the  three-wire  systems  supplying 
liglit  and  power.  .Since  the  booster  converter 
has  independent  voltage  control  and  is  used 
to  feed  a  fairly  steady  load,  free  from  heavy 
swinging  loads,  its  proper  application  means 
little  more  than  the  selection  of  the  proper 
rating  with  suitable  transformers  and  switcli- 
ing  equipment.  On  the  other  hand,  the  ap- 
plication of  rotary  converters  for  railway 
or  industrial  work  requires  very  much  more  careful 
thought. 

Great  care  should  be  taken  in  selecting  the  proper 
size  of  converter  which,  due  to  the  nature  of  the 
average  raihvay  and  some  industrial  applications, 
is  not  such  an  easy  problem  as  it  may  first  ajipear. 


ISO 
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First,  it  is  desirable  to  obtain  as  good  a  load-factor 
as  possible  from  the  standpoint  of  economy  and  first 
cost.  Second,  it  is  verj'  important  that  the  peak  loads 
be  carefully  considered,  not  from  a  heating  but  from 
a  commutation  stand[)oint.  Some  applications  are 
often  subject  to  short-circuits  or  partial  short-cir- 
cuits, which  obviouslv  i)roducc  loads  that  make  it  im- 


fk;.  5 — A  I  000  Kw  westinc;house  synchronous 

MOTOR-OENKRATOR   SET 

Tlircc-pliasc,    60   cycle,    1 1000    volts,    alternating   current 
to  direct  current  at  600  volts. 

practicable  to  select  units  large  enough  to  commutate 
the  currents  thus  obtained,  since  the  load-factor  would 
then  be  too  poor  for  consideration.  It  then  becomes 
a  problem  of  protecting  the  converter  or  converters 
from  the  effects  of  these  abnormal  conditions  by  some 
means  external  to  the  machines  themselves.  This  con- 
dition arises  very  often  in  railway  applications,  espe- 
cially for  interurban  work.  In  general,  therefore,  a 
machine  should  be  selected  of  the  smallest  capacity 
possible,  from  a  heating  standpoint,  in  order  to  ob- 
tain a  high  load- factor,  having  its  capacity  increased 
if  necessary,  sufficiently  to  take  care  of  commutating 
normal  and  not  abnormal  peak  loads  that  may  be  en- 
countered. 

The  transformer  capacity  re(]uired  need  be  con- 
sidered only  from  a  heating  standpoint,  and  in  conse- 
quence can  be  made  smaller  in  some  cases  than  the 
converter  rating,  where  the  load- factor  is  low.  Very 
little  can  be  saved  by  using  smaller  transformers  on 
this  basis  and  consequently  it  has  become  general  prac- 
tice to  supply  transformers  for  railway  converters 
having  a  k.v.a.  equal  to,  and  for  industrial  and  booster 
converters,  having  a  k.v.a.  capacity  ten  percent  in  ex- 
cess of  the  kilowatt  rating  of  the  con\erter. 

The  question  of  voltage  regulation  of  compound 
converters  is  one  of  importance.  There  are  a  great 
many  features  that  enter  into  this  problem,  most  of 
which  are  entirely  external  to  the  machines  themselves 
and  all  of  which  are  difficult  or  impracticable  to  de- 
termine with  any  degree  of  accuracy.  The  voltage 
regulation  depends  upon  the  ratio  of  the  converter 
series  field  ampere-turns  to  the  armature  ampere- 
turns,  which  fixes  the  internal  power-factor  range  of 
the  converter  (which  ratio  is  practically  the 
same  in  all  machines  today  regardless  of  manufac- 
ture) ;  and  upon  the  reactive  and  ohmic  drop  in  the 
supply  circuit,  it  being  assumed  that  the  alternating 


voltage  is  held  constant  at  the  source  of  supply.  While 
there  is  always  a  certain  amount  of  reactance  in  any 
feeder  to  a  substation,  it  is  usually  almost  negligible 
and  therefore  can  be  disregarded.  In  consequence, 
the  required  reactance  is  placed  inherently  in  the  con- 
verter transformer.  It  has  become  general  practice 
arbitrarily  to  supply  transformers  for  compound- 
wound  con\erters  having  15  percent  inherent  reac- 
tance, it  being  understood,  of  course,  that  a  minimum 
reactance  should  be  placed  in  transformers  supplying 
shunt  converters  and  booster  converters,  which  are 
shunt  wound.  With  the  usual  ratio  of  series  field 
to  armature  am])erc-turns,  15  percent  reactance  in  the 
converter  transformer  will  render  the  converter  capa- 
ble of  giving  flat  voltage  regulation  with  as  much  as 
five  percent  ohmic  alternating-current  line  drop. 
Since  the  ratio  of  transformation  in  a  converter  re- 
mains practically  constant,  any  reduction  in  ohmic 
line  drop  will  mean  a  corresponding  increase  in  volt- 
age. Thus,  if  with  15  percent  reactance  the  ohmic 
drop  is  only  two  percent,  an  over-compounding  in 
voltage  of  approximately  three  percent  would  be  ob- 
tained on  the  direct-current  side  unless  some  of  the 
series  field  current  is  shunted.  The  series  field  can 
be  shunted  until  the  converter  voltage  droops,  if  de- 
sired, which  is  usually  the  desired  regulation  for  rail- 
way applications  in  order  to  obtain  a  better  equaliza- 
tion of  load  between  various  substations.  With  15 
percent  reactance  in  the  converter  transformers,  a 
wide  range  of  \oltage  adjustment  can  be  obtained, 
which  will  take  care  of  the  a\eragc  case.  Where  new 
converters  are  to  be  paralleled  witli  old  ones,  atten- 
tion need  be  paid  onlj-  to  the  amount  of  reactance, 
either  inherent  in  the  old  converter  transformers  or 
in  the  form  of  separate  reactance  coils,  to  be  sure 
that  the  new  machine  transformer  will  have  at  least 


EIC.    6 — .\    2000    KW    WESTINGHOUSE,    SIX-PHASE,    6o    CYCLE,    270 
VOLT   SYNCHRONOUS   BOOSTER  ROTARY  CON\T.RTER 

approximately  as  much  inherent  reactance.  Adjust- 
ments can  then  readily  be  made  between  the  new  and 
old  machines  for  satisfactory  parallel  operation  when 
the  new  apparatus  is  installed. 

Especially  in  railway  applications  and  in  some 
industrial  applications,  such  as  mining,  great  attention 
must  be  given  to  protecting  converters  from  abnormal 
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conditions  in  the  feeder  and  distributing  system  by 
ways  and  means  entirely  apart  from  the  machines. 
This  necessity  for  protection  is  not  so  important  in 
connection  with  booster  converter  applications,  since 
they  are  usually  of  relatively  large  capacity  and  feed 
systems  which  are  arranged  so  that  a  short-circuit 
will  not  cause  abnormal  peak  loads  on  any  machine. 
In  any  case,  however,  careful  thought  should  be  given 
to  protecting  machines  from  abnormal  conditions,  if 
the  best  results  are  to  be  obtained. 

The  most  common  troubles  encountered  in  rail- 
way applications  are  failure  of  voltage  on  the  alter- 
nating-current line  for  short  periods  of  time,  which 
allows  the  converters  to  drop  out  of  step ;  and  excess- 
ive direct-current  loads,  caused  by  broken  trolley  wire, 
partial  short-circuits  on  cars,  etc.  The  first  point  is 
very  much  more  severe  in  connection  with  commutat- 
ing-pole  than  w'ith  non-commutating-pole  converters 
since,  in  practically  every  case,  the  commutating  pole 
machine  will  flasli  if  it  is  not  in  synchronism  when 
the   full  voltage  is  applied.     This  is  to  be  expected. 


FIG.     7 A     200     K.V.A.     WESTIX(;H0USE.     480     \i:I.r     SYNCHRONOUS 

CONDENSES    WITH    DIRECT-CONNECTEU    EXCITER 

since  this  condition  is  more  severe  than  starting  on  re- 
duced voltage  with  the  brushes  on  the  commutator. 
In  certain  cases,  as  a  protection  against  possible  trou- 
ble from  this  source,  it  is  recommended  that  the  alter- 
nating-current circuit  breaker  be  equipped  with  a  low- 
voltage  release  which  will  cause  it  to  open  when  the 
voltage  falls  to  a  certain  predetermined  value.  Obvi- 
ously this  low-voltage  protection  is  of  value  only 
where  it  is  impossible  to  obtain  reverse  current  which 
would  hold  up  the  alternating  voltage  even  though 
the  supply  voltage  fails.  Since  it  is  possible  to  obtain 
reverse  current  on  converters  when  they  tie  into  live 
feeders  or  operate  in  parallel  and  are  not  subject  to  the 
same  alternating  voltage  conditions  it  is  recommended 
that  a  direct  reverse  current  device  be  used  to  trip 
the  alternating-current  circuit  breaker  which  is  inter- 
locked with  and  trips  the  direct-current  circuit 
breaker.  In  this  case  the  protection  from  low  alter- 
nating voltage  is  actually  secured  through  the  oper- 
ation of  the  reverse  current  device. 


The  straight  low-voltage  protection  has  its  limita- 
tions, even  where  reverse  current  is  impossible,  since 
a  converter  having  its  power  cut  off  continues  to  ro- 
tate due  to  the  momentum  of  its  armature,  and  con- 
sequently generates  a  certain  alternating  voltage  de- 
pending upon  its  excitation,  which  may  prevent  the 
low-voltage  trip  from  acting  for  a  short  time.  Due 
to  this  condition,  the  low-voltage  trip  may  not  operate 
if  the  line  interruption  is  only  momentary.  On  the 
other  hand,  if  the  voltage  of  the  supply  circuit  drops 
below  the  pre-determined  low-voltage  setting,  but  does 
not  go  off  entirely,  the  trip  will  operate,  since  the  ma- 
chine voltage  will  quickly  follow  the  line  voltage,  due 
to  flow  of  demagnetizing  wattless  current. 

There  are  numerous  methods  for  protecting  con- 
verters feeding  circuits  subject  to  severe  loads  at  in- 
frequent intervals  which  will  minimize  trouble.  These 
will  be  commented  upon  in  the  order  of  their  value : — 

I — The  elimination  of  the  taps  from  the  feeder  to  the 
trolley  wire  that  are  close  to  the  substation  has  been  found 
by  actual  experience  to  produce  the  best  results.* 

2 — Permanent  resistance  can  be  placed  in  the  feeders  if 
it  is  iiTipracticable  to  lengthen  the  distance  of  feeder  taps. 
This  will  produce  the  same  results. 

3 — The  feeder  circuit  breakers  should  be  set  as  low  as 
possible  and  the  machine  circuit  breakers  set  relatively  high, 
possibly  with  a  time  element,  which  will  insure  the  opening 
of  the  feeder  circuit  breakers  before  the  main  circuit  break- 
ers. The  trouble  on  any  one  feeder  will,  therefore,  be 
cleared  without  disturbing  the  machine  circuit  breaker.  This 
arrangement  is  obviously  of  value  only  where  there  are 
several  feeders. 

4 — Where  there  are  very  few  feeders,  making  the  third 
suggestion  of  no  value,  the  same  results  should  be  approached 
by  connecting  a  resistance  in  series  with  the  machine,  having 
it  normally  short-circuited  by  a  circuit  breaker.  The  resist- 
ance should  be  proportioned  to  allow  a  predetermined  amount 
of  current  within  the  machine  capacity  to  flow.  On  excess- 
ive load,  the  circuit  breaker  will  open,  thereby  putting  the 
resistance  in  circuit,  which  reduces  the  current  to  within  the 
commutating  capacity  of  the  machine.  Obviously,  the  ma- 
chine circuit  breaker  should  be  set  relatively  high,  as  com- 
pared to  the  one  short-circuiting  the  resistance,  possibly  .jvith 
a  time  element.  As  far  as  the  writer  knows  this  has  never 
been  used  in  actual  practice  but  it  seems  reasonable  ^o  ex- 
pect that  under  certain  conditions  the  resistance  and  circuit 
breaker  should  be  of  value  if  properly  applied. 

5 — Electrolytic  and  condenser  type  lightning  arresters 
have  been  installed  in  a  number  of  cases,  the  idea  being  that 
flashing  is  caused  by  excessive  voltage  rise  resulting  in  a  dis- 
cliarge  of  the  arrester  thereby  reducing  it.  Sufficient  re- 
sults have  not  been  obtained  with  the  arrester  to  tell  wliether 
it  is  of  great  value  or  not.  Undoubtedly  it  is  of  some  value, 
I)ut  it  is  questionable  whether  it  is  of  sufficient  value  to  war- 
rant  its  installation. 

6 — In  cases  where  it  is  not  possible  to  eliminate  excess- 
ive loads  which  cause  converters  to  flash,  the  results  of  a 
flash-over  can  be  minimized  by  interlocking  the  direct-cur- 
rent to  the  alternating-current  circuit  breaker,  so  that  both 
are  tripped  simultaneously. 

The  above  has  been  written,  not  with  the  idea 
of  bringing  out  anything  especially  new  or  to  advance 
new  ideas,  but  to  point  out  the  necessity  for  careful 
analysis  in  selecting  the  tnost  economical  converting 
apparatus.  An  effort  has  also  been  made  to  show  thai 
a  great  many  applications  may  appear  to  be  incorrectly 
made,  simply  because  the  proper  precautions  have  not 
been  given  to  details  which  are  most  important  to  any 
successful  application. 


*.See  article  by  Chas.  H.  Smith  on  "Relation  of  Trol- 
ley Feeder  Taps  to  Machine  Flashovers"  in  the  Journal  for 
Jan.,  1915.  p.  44. 


A  1500  Volt  Portable  Railway  Substation 

Kdwari)  F.  Taylor 
Engineer  of  iMalntenance  and  Eciuipmcnt, 
Picilmont  &  Northern  Railway 

SOAIMW'IIAT  more  than  a  year  ag^o,  the  only  operators,  both  in  the  permanent  and  portable  sub- 
]>ortable  suiistation  which  has  been  built  for  stations  are  being  trained  gradually  to  keep  a  watch- 
the  supply  of  direct  current  at  i  500  volts,  was  ful  eye  towards  securing  during  the  day  a  leading 
put  in  service  on  the  Piedmont  &  Northern  Railway,  power-factor  of  from  80  to  90  percent,  whereas  at 
This  system  now  has  in  oi)eration  approximately  125  night  the  tendency  is  to  run  at  lagging  power- factor 
miles  of  i  500.  volt  railw  ay  ;  23  miles  in  North  Caro-  to  compensate  in  a  small  measure  for  the  large  charg- 
lina,  from  Charlotte  to  Ciastonia,  and  102  miles  in  ing  current  of  the  transmission  system  of  the  South- 
South  Carolina  from  Spartanburg  to  the  southern  em  Power  Company.  In  view  of  the  voltage  dis- 
terminus  at  Greenwood.  With  the  c.xce])lion  of  the  turbances,  due  to  the  severe  lightning  storms  charac- 
Spartanburg  and  Anderson  stations,  the  power  is  re-  teristic  of  this  region,  provision  has  been  made  for 
ceived  at  44  000  or  2400  volts,  from  the  60  cycle  lines  the  permanent  grounding  of  the  neutral  of  the  motor 
of  the  Southern  Power  Company,  the  1500  volt  trol-  to  the  frame  of  the  car. 

ley  being  fed   from  two  750  volt  machines  in  series,  This  set  is  a  duplicate  of  those  in  the  permanent 

either  generators  or  rotary  converters.  stations.     It   is,   however,    provided    with    an    extra 

In  thc^'^l)artanburg  substations  arc  tliree  sets  of  heavy  bedplate,  approximately  24  inches  in  depth,  to 

1500  volt  rotary  converters.     Of  the  seven  remaining  provide  sufficient  mechanical  strength  and  rigidity  to 

permanent  stations,  four  contain  two  motor-generator  prevent  vibration,  and  more  particularly,  to  allow  the 

sets   and   three   contain   a   single   motcjr-generator   set  use  of  leveling  screws  at  eight  points  in  the  floor  of 

each.     The  necessary  spare  capacity  is  provided  by  a  the  car.     One  of  these  leveling  screws  is  shown  in  the 

500  kw  portable  substation,  which  has  also  proved  its  foreground,  Fig.  2. 

value  by  carrying  the  load  of  permanent  stations  un-  To   include   the    switchboard    equipment    in    the 

dergoing  repairs  or  changes.  small   space   allotted   required  considerable   ingenuity. 

This   portable  station   is   unique,   iirst.  in   that  it  To  secure  better  space  economy  and  minimum  cable 

supplies  500  kw  direct-current  at  1500  volts;  .second,  runs,   the    1500  volt   circuit   breaker   on   the   negative 

in  com])actness  of  arrangement,  since  within  a  single  side  was  mounted  on  a  separate  panel  at  the  grounded 

cab   are   mounted   a   three   piece   motor-generator   set  end  of  the  set.     This  panel  also  contains  the  switches 

and  direct-connected  exciter,  two  switchboard  panels  which  may  be  set  for  either  series  or  parallel  opera- 

and   the   auxiliary   apparatus    for    i  500   volt   control,  tion   of   the    direct-current   machines,    and   which    are 

and  still  room  remains  for  the  necessary  passage  wavs.  seldom  changed. 

while  outside  the  cab    stands    the    500    k.\-.a.    three-  The  remainder  of  the  motor-generator  set  control 

phase  transformer,  and  on  the  roof  are  mounted  the  is  mounted  on   the  main  panel,   which  stands   at  the 

Burke  switches  and   lightning  arresters   for  the  con-  exciter     end     of     the     set,     as     .shown     m     Fig.     2. 

trol  of  the  incoming  44000  volt  line,  the   whole   in-  .\t  either  side  of  the  central  hanille  for  the  operation 

eluded  in  a  car  length  of  40  feet,  and  conforming  to  of     the    synchronous    motor     are    several    additional 

the   clearances   re(|uired   upon   the   Piedmont    system,  handles  for  the  remote  mechanical  control  of  the  main 

and  upon  the  steam  roads  adjoining  it;  third,   in   its  1500  volt  knife  switch,  and  the  positi\-e  circuit  breaker 

flexibility,  the  switching    equipment    being    arranged  leading    to    the    1500  volt    line.     The  line  switch  is 

for  the  operation  of  the  motor-generator  set  directly  mounted   on   a   marble  slab  several   feet  back  of  the 

from  the  2400  volt  lines  of  the  railway  company,  or  board,  and  the  circuit  breaker  is  above  the  board,  out 

from  the  44000  volt  power  lines  through  the  trans-  of  ordinary  reach.    Both  the  positive  and  the  negative 

formers.     It  also  permits  the  connection  of  the  two  j-i^cuit  breakers  are  isolated  in  small  sheet  iron  com- 

direct-current    machines    in    series   to   generate    1500  p^^^tments  lined  with  asbestos  lumber  and  arranged  to 

volts,   or   m    parallel    to   generate   750   volts    for   city  |^,^^^.  j,^^  .^,.^,             .^^      ^.,^^,  ^^^..^^    ^^^,,^,  ^.^^^^^^^j^^^  ^,^^ 

ser\'ice. 

„,'                             ,                     ..,.,,  full  quota  of  instruments,  both  for  the  direct  and  the 

Ihe  motor-generator  set  consists  ot  two  slightly  .                       .       .                 ... 

,    ,.      ,              .               ^               1     '^  1    1  alternating-current  circuits  including,  for"  the  latter,  a 

over-compound  direct-current  generators,  each  rated  "                                             '' 

at  2;o  kw.  7^0  ^■o1ts.  qoo  r.p.m.,  on  a  common  shaft  Po^ver-factor  meter  and  an  integrating  wattmeter.    To 

and  bedplate  with  a  three-phase  60  cycle,  2400  volt  '"•'''^c  s"''^  that  the  generators  will  never  motor  from 

synchronous   motor  and   its   exciter.      At  80   percent  the  line,  a  reverse  current  relay  has  also  been  added, 

power-factor,  the  motor  will  not  pull  out  of  step  un-  The  hand-wheel  at  the  left  of  the  board  controls 

der  a  generator  load  of    1500  kw.     Accordingly,  the  the  Burke  type  air-break  switches,  which  are  mounted 
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on  the  roof  and  which  disconnects  the  transformer 
from  the  44  000  volt  incoming  lines.  Thus  the  liigh 
voltage  lines  do  not  enter  the  cab. 

For  the  major  portion  of  its  length,  the  Railway 
Company's  lines  are  paralleled  by  the  44000  volt  lines 
of  the  Southern   Power  Company.     The  addition  of 
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FIG.   I — THE   500   KW    KiKIABLI,   >  L  li^  1 -\  1  lijN   OF  THE  PIEDMONT 
.AND    NORTHERN   RAILWAY 

Operating  from  either  2400  or  44000  volt  lines  and  sup- 
plying direct-current  at  I  500  volts. 

the  outdoor  three-phase  transformer  on  the  end  of 
the  car  permits  the  use  of  this  portable  suljstation 
wherever  44000  volt  power  is  available.  To  cut  the 
transformer  into  the  circuit,  for  use  on  44000  volts, 
a  set  of  disconnecting  switches  is  provided  on  the  roof. 
The  car,  built  entirely  of  steel,  was  designed  by 


id;.    2 — INIEKIOR    OF   PORTABLE   SUBST.\T10.\' 

Showing  switchboard  and  indicating  the  necessity  for  a 
compact  arrangement  of  apparatus. 

the  Railway  &  Industrial  Engineering  Company  of 
Greensburg,  Pa.  The  channels  of  the  underframe  are 
reinforced  where  necessary  to  support  the  electrical 
apparatus  which,  with  the  exception  of  the  Burke 
switches  and  the  transformer,  is  housed  in  a  super- 


structure extending  almost  the  length  of  the  car.  The 
uncovered  end  is  protected  by  a  railing.  A  good  air 
circulation  is  assured  by  two  large  ventilators  in  the 
roof,  which  are  specially  constructed  to  prevent  any 
leakage  reaching  the  apparatus  within,  and  by  corres- 
ponding holes  in  the  sheet  steel  floor ;  also  by  six  win- 
dows and  by  a  door  in  each  end.  The  overall  height 
of  16  feet,  3  inches  from  the  top  of  the  rail  to  the 
top  of  the  high  tension  transformer  terminal  allows 
the  transfer  of  the  car  laetween  points  on  the  Pied- 
mont &  Northern  Railway  lines,  without  the  tempor- 
ary removal  of  any  high  tension  apparatus.  To  facili- 
tate further  frecjuent  transfer  of  the  car.  it  is  made  as 
light  in  weight  as  possible,  consistent  with  the  weight 
of  the  apparatus  mounted  upon  it,  and  the  rigidity  of 
construction  necessary  for  shipment  over  steam  rail- 
roads. The  trucks,  air  brakes,  steps,  grabhandles  and 
other  details  of  this  character  meet  standard  M.  C. 
B.  requirements.  It  is  finished  in  a  bufif  color  to  re- 
flect as  much  heat  as  possible  and  the  shade  is  dark 
enough  so  that  stains  are  not  accentuated. 


FIi;.      3 — WESTINGHOUSE      M0T0E-GENER.\T0R      SET      WITH      DIRECT- 
CONNECTED   EXCITER   USED   IN   THIS    SUBSTATION 

The  car  is  shown  at  Greenville,  S.  C,  in  Fig.  i, 
where  it  was  placed  in  service  in  February,  1914,  im- 
mediately upon  its  arrival,  carrying  the  load  of  the 
permanent  station  which  was  being  moved  into  the 
building  which  appears  in  the  back-ground.  Later  it 
was  removed  to  Downs  station,  near  Greenwood,  the 
southern  terminus.  Since  then  it  has  been  taking  the 
load  of  this  substation,  upon  which  changes  are  being 
made. 

For  this  senice,  and  for  the  relief  of  overloaded 
points  which  constantly  shift  due  to  changing  traf- 
fic conditions,  the  portable  substation  is  proving  very 
satisfactory,  since  it  can  be  operated  as  economically 
as  the  permanent  stations.  Notwithstanding  its  com- 
pact arrangement,  it  is  also  the  equal  of  the  perma- 
nent stations  in  overload  capacity  and  reliability.  It 
has  been  carrying  as  high  as  100  percent  overloads 
without  showing  signs  of  distress :  while  at  Downs 
the  circuit  breakers  have  repeatedly  opened  under 
300  percent  load  and  in  each  case  the  arc  was  broken 
without  difficulty.  In  short  this  portable  substation 
has  made  itself  practically  indispensable  on  the  Pied- 
mont Svstem. 


Sixty  Cycle  Rotary  Converters  in  1500  Volt 

Railway  Service 

THE  SPARTANBURG  SUBSTATION  OF  THE  PH:UM0NT  &  NORTHERN   RAH^WAY  COMPANY 

Nicholas  Stahl 

Railway   and  Lighting  Dipt., 

Westingliouse  Electric  &  Mfg.  Company 


DESCRIPTION  of  permanent  substation  equip- 
ment finds  its  justification  at  the  present  time, 
either  as  a  historical  record,  or  in  the  novelty 
of  the  installation.  On  the  latter  basis,  a  number  of 
unusual  features  are  enibodied  in  the  e(|uii)nu-nt  which 
has  been  in  successful  commercial  ojieration  for  i,^ 
months  in  the  .Spartanburg  (S.  C.)  sulistation  of  the 
Piedmont  &:  Northern  Railway  Compan}-.  In  the  first 
place,  this  station  rei)resents  the  first  commercial  use 
of  two  sixty  cycle  rotary  converters  in  series  for  rail- 
road service  at  1500  volts,  direct-current.  Tlie  ar- 
rangement of  the  two  machines  on  a  single  bed])latc 


Greenville  (S.  C.)  is  equipped  with  motor-generator 
sets,  adjusted  for  only  a  slight  over-compounding,  it 
was  necessary  to  guard  against  any  possible  operating 
difficulties  on  this  score  and,  for  proper  equalization 
of  sub.slation  loads,  it  was  highly  desirable  that  there 
should  not  be  undue  voltage  difference  between  the 
respective  substation  bus-bars. 

An  ingenious  arrangement  for  changing,  even 
under  load  conditions,  the  taps  on  the  station  trans- 
formers permits  adjustment  of  the  voltage  on  the  di- 
rect-current side,  so  that  no  difficulty  has  been  experi- 
enced   from    either    of    the    causes    just    mentioned. 


IIG.  I — COMl'LETK  INSTALLATION  AT  SPARTANBCRG 

Including  switchboards,  rotary  converters  and  transformers,  with  circuit  breakers  and  tap-changing  arrangement. 


makes  a  ver}'  compact  and  substantial  unit,  with  many 
of  the  advantages  of  the  single  commutator  machines 
in  use  on  several  twenty-five  cycle  systems,  but  not 
yet  deemed  practicable  for  sixty  cycle  operation. 

The  voltage  of  the  alternating-current  line  is 
100  000  and,  in  general,  the  substation  is  fed  from  gen- 
erating apparatus  ai)i)roxiiTiately  100  miles  distant 
which,  coupled  with  the  varjdng  load  demands  of  the 
transmission  system,  occasions  considerable  variation 
in  the  alternating  supply  voltage  with  corresponding 
changes  in  that  at  the  direct-current  bus-bars. 

As  the  neighboring  substation  of  the  railroad  at 


Again,  certain  improvements  in  the  switching  gear 
gives  a  maximum  of  protection  against  abnormal  serv- 
ice conditions. 

The  Piedmont  &  Northern  .'system  comprises  ap- 
proximately 125  miles  of  electric  railways  with  the 
northern  terminal  at  Charlotte,  N.  C,  and  the  southern 
terminal  at  Clrccnwood.  S.  C.  This  system  lies  prin- 
cii)ally  east  of  and  parallel  to  the  Piedmont  ranges  of 
the  Appalachian  mountain  system  in  the  States  of 
North  and  .South  Carolina. 

The  substations  in  general  conform  to  the  usual 
high  voltage  motor-generator  set  or  rotary  converter 
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type  of  substation,  i  500  volts  being  secured  in  all 
cases  by  operating  the  two  generators  of  the  motor- 
generator  sets,  or  the  direct-current  ends  of  two  ro- 
tary converters  in  series. 

SOURCE   OF   POWER   AND  TRANSFORMING   APPARATUS 

Direct  current  at  approximately  i  500  volts  is 
obtained  for  the  23  miles  of  the  Piedmont  Traction 
Company,  and  102  miles  of  the  Greenville,  Spartan- 
burg &  Anderson  Railway  Company,  the  two  compris- 
ing the  Piedmont  &  Northern  RaiKvay  Company,  now 
in  commercial  operation,  from  the  60  cycle  transmis- 
sion system  of  the  Southern  Power  Company.  In  all 
the  substations,  except  three,  alternating  current  is 
received  by  the  railway  companies  at  2400  volts :  at 
Spartanburg,  S.  C,  the  receiving  voltage  is  13  200. 
while  at  Anderson,  S.  C,  it  is  20  100,  and  at  Downs, 
S.  C,  44000  volts. 

At  Spartanburg  the  100  000  volt  line  of  the  South- 
ern Power  Company  is  tapped  into  outdoor  type  trans- 


FIG.  2 — MAP  OF   PIEDMONT   SYSTEM 

Electrified  portion  indicated  by  full  black  heavy-  lines. 

formers,  which  step-down  the  voltage  to  13  200  for 
local,  as  well  as  Piedmont  Railway  service,  and  cur- 
rent is  metered  to  the  railway  just  inside  the  substa- 
tion building  on  the  13  200  volt  bus-bars. 

After  passing  the  main  automatic  circuit  breaker 
of  the  Southern  Power  Company,  power  is  taken  by 
the  railway  company,  through  automatic  circuit  break- 
ers controlling  each  rotan,-  converter  unit,  to  auxiliary 
13  200  volt  bus-bars  which  connect,  as  shown  in  Fig. 
3,  groups  of  non-automatic  circuit  breakers — really 
only  oil  switches — that,  in  connection  with  the  resist- 
ance, or  preventive  coils,  permit  tap  changing  under 
load. 

Nine  transformers,  each  of  167  k.v.a.  capacity, 
feed  the  converter  units  in  groups  of  three,  and  are 
star-connected  on  the  high  tension  side,  which  is  pro- 
vided with  taps  10  percent  above  and  10  percent  be- 
low normal  voltage.  The  secondaries  of  the  trans- 
formers are  double,  each  of  the  two  sets  in  delta  (for 


each  bank  of  three  transformers),  supplying  the  alter- 
nating-current collector  rings  of  one  of  the  machines, 
thus  substantially  supplying  each  machine  with  its  own 
transformer  bank,  and  so  permitting  series  operation 
of  the  direct-current  sides  of  the  converters.  These 
connections  are  shown  in  detail  in  Fig.  3. 

SWITCHING  DEVICES 

.Since  all  three  units  operate  frequently  in  parallel, 
load  switching  of  taps  must  be  carried  out  simultane- 


FIG.   3 — DIAGR.\M    OF  CONNECTIONS   FOR  E.\CH   ROTARY 
CONVF.RTER    UNIT 

ously,  which  is  etifected  by  connecting  to  a  single  op- 
erating handle  each  of  the  three  switches,  la,  lb  and  Ic, 
Fig.  4,  and  in  like  manner  to  other  handles  the  mechan- 
isms of  the  //  and  ///  groups  of  switches.  Since  clos- 
ing any  two  of  these  group  switches  to  the  13  200  volt 
auxiliary  bus-bars  would  cause  a  direct  short-circuit 
of  a  part  of  all  the  transformer  windings,  a  method 
of  limiting  the  current  flow  to  approximately  the  full- 
load  value  is  brought  about  by  installing  between  each 
of  the  auxilian,-  bus-bars  and  the  //  group  of  switches 
a  three-phase  reactance  coil,  short-circuited  during 
running  conditions,  by  a  disconnecting  switch  in  each 
lead,  a  single  handle  operating  all  nine  of  these 
switches,  as  shown  in  Fig.  4. 

If  the  voltage  of  the  alternating-current  line  sud- 
denly rises,  and  a  reduction  in  the  direct-current  volt- 
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FIG.  4— SINGLE  LINE  DI.\GRAM  OF  SWITCHING  ARRANGEMENT 

The  three-phase  connections  are  shown  by  heavy  lines,  the 
lighter  Hnes  indicating  the  mechanical  features  of  the  installation. 

age  is  required,  the  process  of  tap  changing,  assuming 
all  the  transformers  connected  to  the  normal  taps 
through  group  switch  //,  consists  merely  in  pulling  out 
the  disconnecting  switch  handle,  throwing  in  the  han- 
dle for  group  switch  /,  opening  group  switch  //,  and 
closing  again  the  disconnecting  switches,  the  whole  op- 
eration taking,  even  for  one  not  well  acquainted  with 
the  apparatus,  less  than  thirty  seconds. 
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Should  conditions  be  so  severe — a  situation,  how- 
ever, that  has  not  arisen  in  j)ractice — that  it  is  de- 
sired to  switch  from  the  highest  to  the  lowest  tap,  the 
complete  process  would  be  : — i — Open  disconnecting 
switches ;  2 — close  group  //  switches  ;  3 — open  group 
/  switches;  4 — close  ///;  5 — open  I  J;  6 — close  discon- 
necting switches. 

STATION    LAYOUT 

The  general  arrangement  of  the  substation  appa- 
ratus is  shown  in  Fig.  i.  The  auxiliary  13200  volt 
bus-bars  are  directly  over  the  transformer  groups  and 
also  supported  on  the  top  of  the  structure,  shown  more 
in  detail  in  Fig.  5,  which  contains  on  its  front  the  au- 
tomatic circuit  breakers  for  each  converter  unit.  The 
incoming  high  tension  circuits  drop  to  the  center  of 
this  structure  directly  from  the  overhead  bus-bars  sus- 
pended from  the  roof  trusses. 

Starting  panels  are  arranged  alongside  each  con- 
verter so  the  operator  may  watch  the  switchboard  in- 
struments as  he  connects  the  unit  to  the  line.  Field 
break-up  switches  for  establishing  the  correct  polarity 


1)'..    T    -->    .-l.n.XD   VIKW   OF  THE   SP.^RTANDURG    SUBSTATION 

Showing  at  the  extreme  left" the  Southern  Power  Com- 
pany station  circuit  breaker,  the  alternating-current  switch- 
lx)ard  at  the  left  center  and  the  direct-current  feeder  panels 
in  the  back  of  the  room  at  the  left.  The  starting  panels  are 
also  shown  mounted  beside  the  indivi(hial  units. 

of  the  machines  are  mounted  on  the  frames  within 
easy  reach  of  the  operator,  as  he  operates  the  alter- 
nating-current starting  and  running  switch.  The  whole 
operation  of  connecting  a  unit  to  the  line  requires, 
for  the  two  machines,  from  a  minute  and  a  quarter  to 
a  minute  and  a  half.  Conduits  carry  lead  covered  ca- 
bles from  the  direct-current  terminals  of  the  inachine 
to  the  machine  panels,  and  to  the  negative  side  circuit 
breaker  panels. 

The  design  of  switchboards  for  1500  volt  direct- 
current  service  differs  materially  from  that  for  stan- 
dard railway  panels.  On  account  of  the  high  voltage 
it  is  obviously  necessary  to  make  the  circuit  breakers 
and  knife  switches  of  tlic  remote  control  type  to  pro- 
tect the  operator.  The  lircuit  breaker  is  mounted  at 
the  top,  as  on  the  750  volt  panels,  and  the  knife  switch 
is  mounted  on  a  small  slab  placed  directly  in  the  rear 
and  at  the  top  of  the  main  panel,  and  fastened  to  it 
by  means  of  strap-iron  brackets.    In  order  to  place  the 


circuit  breaker  out  of  reach  of  the  operator,  a  special 
type  of  panel  construction  is  used,  this  being  100 
inches  high,  with  the  panel  divided  into  three  sections, 
25,  30  and  45  in.  high.  Barriers  are  placed  between 
the  circuit  breakers,  in  order  to  confine  the  arc  when 
the  circuit  is  opened  under  load.  The  barriers  also 
form  a  vertical  chimney  effect,  which  produces  a  draft 
and  tends  to  snuff  out  the  arc  somewhat  sooner  than 
would  be  the  case  v^-ere  no  barriers  used.  As  the  cir- 
cuit breaker  and  knife  switch  for  the  direct-current 
circuits  are  mounted  at  the  top  of  the  board,  it  became 
possible  to  use  combination  panels  to  good  advantage, 
the  panel  also  containing  the  handle  for  the  automatic 
oil  circuit  breaker  for  the  high  tension  side  of  the 
step-down  transformer. 

For  suitably  jirotecting  the  rotary  converters  the 
following  circuit  breaker  arrangement  is  used: — The 
alternating-current  circuit  breaker  for  controlling  the 
transformer  bank  is  provided  with  a  low  voltage  re- 
lease and  pallet  switch ;  in  case  of  failure  of  the  alter- 
nating voltage  the  circuit  breaker  will  trip  out,  and  the 
pallet  switch  is  connected  to  a  no-voltage  or  shunt  trip 
coil  on  the  direct-current  circuit  breaker  which  trips 
out  the  direct-current  end  of  the  rotary  converter 
thereby  completely  isolating  the  unit  and  preventing 
possible  damage  to  the  machine,  due  to  the  alternating- 
current  power  coming  back  when  the  machine  is  out  of 
phase  and  nearly  at  rest ;  also,  as  the  substation  may 
receive  power  over  the  direct-current  trolley,  direct- 
current  reverse  current  relays  are  installed  on  the  ma- 
chine panels,  which,  when  the  rotary  converter  set 
tends  to  reverse  itself,  short-circuit  the  low  voltage  coil 
on  the  alternating-current  circuit  breaker  and  cut  out 
the  set,  as  previously  described. 

In  addition  to  the  ordinary  instruments,  integrat- 
ing wattmeters  are  placed  on  the  subbases  of  the  pan- 
els, behind  which  are  placed  the  shunt  field  rheostats, 
suitably  arranged  for  operation  from  the  l)oard. 

Additional  circuit  breakers  are  placed  on  the  neg- 
ative side  of  the  direct-current  circuit,  to  protect  the 
"low  side"  machine  in  case  of  a  short-circuit  around 
the  "high"  machine,  and  these  circuit  breakers,  with 
the  equalizer  switches,  are  mounted  on  enclosed  panels 
placed  between  the  machine  panels  and  those  for  the 
feeders.  In  order  to  limit  the  possible  spread  of  elec- 
trical fires  from  lightning  disturbances  or  otherwise, 
the  feeder  panels  are  spaced  some  distance  apart,  and 
further  protected  by  electrolytic  lightning  arresters 
and  choke  coils,  as  atmospheric  disturbances  are  very 
severe  in  this  region. 

The  general  practice,  followed  also  for  this  sub- 
station, with  respect  to  trolley  feeders,  is  not  to  tie 
in  the  feeders  from  the  substation  directly  to  the  trol- 
ley, but  to  carry  them  for  about  a  mile  down  the  line. 
The  other  feeders  are  all  tied  together  from  the  six- 
mile  point,  and  increase  in  railway  load  is  recpiiring 
that  the  space  between  the  stations  (which  may  be 
taken  on  the  average  at  30  miles  and  which  contained 
an  interspace  of  about  nine  miles  without  any  feeder 
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whatsoever),  be  bridged  with  No.  oooo  copper  feeders. 

CONVERTING  APPARATUS 

Considerations  of  first  cost  and  better  operating 
economy  dictated  the  choice  of  rotary  converters  for 
this  substation,  especially  as  the  experience  of  the  offi- 
cials, extending  over  some  years,  with  sixty  cycle  ro- 
tary converters  supplied  from  the  same  transmission 
system  for  several  of  their  city  traction  systems,  had 
convinced  them  of  the  entire  reliability  of  the  modem 
sixty  cycle  rotary  converters  when  suitably  designed 
and  applied.  The  60  cycle  rotary  converter  naturally 
has  limitations  not  encountered  in  the  25  cycle  design, 
and  it  was  found  necessary  to  utilize  two  machines 
operating  with  the  direct-current  ends  in  series  to  ob- 
tain direct  current  at  I  500  volts.  Compared  with  ma- 
chines that  were  built  ten  years  ago.  this  seems  like 
a  rather  high  voltage  at  which  to  operate  a  60  cycle 
converter,  but  in  designing  the  modern  units  advan- 
tage has  been  taken  of  improvements  in  mechanical  as 
well  as  electrical  design  in  every  way  possible.     The 


FIG.    6 A    THIRD    VIKVV    UF    THE    SAME    STATIflX 

Showing  at  the  right  the  switch  group  indicated  dia- 
grammatically  in  Fig.  3.  Just  at  the  left  of  this  are  shown 
the  reaction  or  preventive  coils  used  in  changing  taps  under 
load. 

resulting  machines  are  thoroughly  reliable  and  satis- 
factory in  every  respect. 

In  various  details  of  design,  great  attention  has 
been  paid  to  safeguarding  the  converters  against  flash- 
overs  and  similar  disturbances.  For  instance,  flash 
guards  are  used  on  the  commutators  to  prevent,  in 
the  event  of  flash-over,  the  arc  from  grounding  on 
the  pedestal  or  the  frame  of  the  machine,  or  in  some 
other  manner  seriously  damaging  the  unit.  There  is 
a  liberal  space  between  the  brush  arms  and  the  aver- 
age volts  per  bar  on  the  commutators  have  been  held 
down  to  a  safe  figure,  so  that  flash-overs  have  been 
extremely  rare,  and  then  of  no  serious  consequence. 

REVERSING    POLARITY    OF    GENERATORS 

Certain  unusual  occurrences  may  reverse  the 
polarity  of  some  of  the  generators;  for  example, 
should  a  trolley  car  with  both  trolleys  up  be  switched 
over  a  section  break  with  i  500  volts  on  one  side,  and 
600  volts  on  the  other  side,  the  generators  con- 
nected   to    the    600    volt    side    may    reverse    their 


polarity.  Fear  was  expressed  at  the  time  instal- 
lation of  the  rotary  converters  at  Spartanburg  was 
under  consideration  that  their  rise  of  voltage  on  the 
direct-current  side  when  the  alternating  voltage  went 
up  might  cause  a  similar  reversal  of  the  generators  in 
the  nearest  substation  (30  miles  away).  In  order  to 
test  this  point,  experiments  were  made  on  two  substa- 
tions, one  at  Belton  and  one  at  Greenville,  with  the 
line  free  from  cars,  so  that  the  behavior  could  be  tested 
under  the  most  severe  conditions.  The  test  consisted 
in  lowering  the  voltage  of  the  Belton  machine  until 
it  began  to  motor;  then,  observing  the  amount  of  re- 
\erse  current  (by  reversing  the  leads  of  the  direct- 
current  ammeter),  it  was  found  that  up  to  400  am- 
peres of  reverse  current  (equivalent  to  125  percent 
load)  the  machine  could  be  readily  brought  back  to 
normal  voltage  by  the  shunt  field  rheostat.  With  some- 
what over  400  amperes  reverse  current,  the  current  in 
the  series  field  would  apparently  begin  to  gain  control 
of  the  situation  and  would  keep  on  dropping  the  volt- 
age of  the  machine  until  finally  reversal  of  polarity 
occurred,  but  even  then  it  was  only  a  small  matter  to 
disconnect  one  of  the  armature  leads  and  flash  the  ma- 
chine back  again  from  line  voltage. 

The  feeder  arrangement  between  the  two  substa- 
tions in  question  is  such  as  to  allow  a  current  of  about 
125  percent  to  circulate  through  the  Spartanburg  ro- 
tary converters  with  a  dead  short-circuit  between  trol- 
ley and  rail,  at  Greenville,  and  with  that  substation 
not  connected,  this  being  equivalent  to  double  voltage 
on  the  rotary  converter  with  normal  voltage  on  the 
Greenville  motor-generator  set  connected  into  the  line. 
Thus  it  is  felt  that  the  question  of  reversal  of  polarity 
of  the  generators  was  disposed  of  satisfactorily.  The 
rotary  converters  and  motor-generator  sets  are  to-day 
ni  successful  operation  without  the  necessity  of  fre- 
quent tap-changing,  and  without  difirculty  being  ex- 
perienced from  variation  in  the  alternating  voltage. 

The  decision  for  converters  at  Spartanburg  has 
been  fully  justified  in  the  results  obtained  since  com- 
mercial operation  began,  as  the  converters  are  fre- 
quently called  upon  to  commutate  loads  of  three  times 
their  normal  rating,  and  currents  of  more  than  full- 
load  value  with  i  800  volts  on  the  trolley  have  made 
no  apparent  difference  in  the  behavior  of  the  machines, 
which  have  been  thoroughly  satisfactorv'  to  officials 
and  operators  alike. 

The  expectation  of  higher  operating  economies 
due  to  the  inherently  higher  efficiencies  of  the  con- 
verter over  the  motor-generator  set,  has  been  abund- 
antly borne  out  in  the  result,  and  the  higher  "all-day 
efficiency"  found  in  this  substation  is  also  due,  in  part, 
to  attention  on  the  part  of  the  train  despatchers  and 
substation  operators  to  using  only  as  many  units  on 
the  line  simultaneously  as  are  required  by  the  needs 
of  the  train  schedule,  which  includes  not  only  multiple- 
unit  operation  of  heavy  interurban  passenger  cars, 
pulling  standard  Pullman  sleepers,  but  freight  train 
service  involving  trailing  loads  of  as  much  as  1600 
tons. 


The  Field  of  the  Outdoor  Substation 

Lester  C.  Hart 

Sales  Manager, 

Railway  &  Industrial  Engineering  Company,  Pittsburgh,  Pa. 

SOME  YEARS    ago    the    question    of    installing  These    early    substations    were   built    on    wooden 

high  voltage  transformers  out  of  doors  was  poles,  and  while  this  method  of  construction  worked 
taken  up  by  electrical  engineers  of  this  country-  out  quite  satisfactorily,  it  was  at  the  same  time  open 
The  early  pioneers  were  regarded  as  visionaries  but  it  to  many  objections  other  than  its  rather  clumsy 
has  now  been  shown  that  they  were  farsighted  and  and  unattractive  appearance.  To  meet  such  condi- 
the  i-esults  which  have  since  been  accomplished  have  tions,  the  steel  structure  for  outdoor  substations  was 
converted  their  most  sceptical  opponents.  Primarily  de\eloped.  This  was  the  foundation  for  a  phenomen- 
the  cause  was  an  economic  one,  the  desire  to  serve  al  development.  As  tlie  work  of  the  pioneers  showed 
dircctl)'  from  the  high  voltage  transmission  line  the  its  serviceability,  the  applications  multiplied  rapidly. 
small  consumers  who  could  not  be  reached  on  account  Transmission  engineers  in  all  parts  of  the  country 
of  the  excessive  first  costs  of  types  of  installations  investigated  ;  items  appeared  in  i)udgets,  and  load  was 
then  in  use.  To  serve  them  meant  either  the  heavy  secured  by  this  means  that  previously  was  unattain- 
cost  and  losses  of  long  secondary  lines  or  the  prohi-  able.  The  outdoor  substation  has  now  come  into  its 
bitive  initial  cost  of  an  indoor  substation.  own   and   is   recognized  by  operating  engineers   as  a 

standard  method  of  distribution. 

In   comparing  the  outdoor  with  the  indoor  sub- 
station there  is  no  longer  any  question  regarding  its 


FIG.    I — TYPIC.M.   ULI. 


.,    .  Ll;ST.\TION    OF    S.MALI.    CAPACITY    AT 
PAXTON,   ILL. 


After  an  analysis  of  the  possibilities  and  ad- 
vantages to  be  gained  by  outdoor  mounting  of  the 
transformers  the  manufacturing  companies  developed 
a  complete  line  of  outdoor  weather-proof  trans- 
formers and  placed  them  on  the  market.  The  need 
of  suitable  switching  and  protective  apparatus  was 
at  once  apparent.  Various  types  of  home-made  ap- 
pliances and  make-.shifts  appeared,  the  majority  of 
which  have  been  replaced  by  a  high  grade  line  of 
horn  gap  apparatus,  particularly  designed  to  meet 
these  requirements, 


FIG.   2 — OUTliui.K    -ll.^TATIOX    OX    THE    SIDE   OF   A    STEF.P    HILL 


economical  and  practical  desirability  for  small  capac- 
ity stations  for  all  voltages.  For  the  high  capacity 
station  the  ])oints  to  be  borne  in  mind  are: — • 

I — Saviuff  in  tlic  initial  co.st  by  omitting  tlie  building. 
2 — Adaptability  for  enlargement  or  alteration. 
3 — Simplicity. 

On  a  recent  installation  of  a  3000  k.v.a.,  66000 
volt,  step-down  station,  it  was  conclusively  shown 
that  to  make  it  an  indoor  station  would  have  in- 
creased the  cost  of  the  station  25  percent.  In  an  other 
instance  a  substation  in  the  West  has  been  continual- 
ly added  to  until  it  now  covers  nearly  five  acres  of 
ground.     Think  what  this  would  have  meant  with  an 
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indoor     substation.       Other     instances     showing    the     given  serious  consideration.     In  various  sections  con- 
practicability  and  reliability  of  the  outdoor  substation      ditions   differ   widely  and   require   different   types   of 


FIG.    3 — 44000    VOI.T    OUTHOOR    SUBSTATION    ,\T    COVINr.TON,    VA. 

The  substation  is  entirely  outdoors   and  has   no  connec- 
tion with  the  building  shown  in  the  rear  of  the  picture. 

are,  the  immense  Boulevard  substation  at  Atlanta  on 
the  lines  of  the  Georgia  Railway  &  Power  Company, 
various  installations  of  the  Southern  Sierra  Power 
Company  and  other  stations  throughout   the  country. 


Flii.    4 — 44  000    VOLT    OUTDOOR    SUBSTATION    PROTECTED    WITH 
HLECTROLVTIC    LIGHTNING     .\RRESTERS 


FIG.    5 — 3  000    K.V.A.    OUTDOOR    SUBSTATION    NEAR    ATLANTA.    GA. 

This   Station   was   installed   to   raise   the   voltage  from  11  000  to  22000  volts.     It  is  hicatcd  at  Soldiers 
Home   Junction,    approximately   two   miles    from   the   the   nearest   operator. 

Outdoor  substations  may  roughly  be  classed  accord-      construction   due   to   weather  conditions,   the  type  of 
ing  to  capacity  but  there  are  many  other  points  to  be      load  ser\ed  and  also  on  account  of  the  topography  of 
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the  countrj'.  These  conditions  make  it  necessary  that 
a  careful  study  be  given  tlie  design  of  the  station  to 
best  adapt  it  to  its  load  conditions  and  environment. 
In  the  Central  States,  particularly,  the  outdoor 
substation    finds    its    greatest    field    of    a])i)lication    in 

iiiiiiiiiiiiiiiuiiiiiiii!»iii!iiiiiiiuiiuuiiiiuwiwiiiiiriMunwii 


I-IG.  6 — OSCILLOGRAM  SHOWING  GUKRENT  AND  VOLTAGE  CONDrrioNS 
IN  ONK  PHASE  OF  A  4  000  KW,  50  000  VOLT,  THREK-PHARE  CIR- 
CUIT  WHEN  OPENED   liV   A   liURKK    HORN   GAP   SWITCH 

Upper  curve — voltage  ;  lower  curve — current.  The  switch 
starts  to  open  at  the  left  end  of  the  chart,  and  the  arc  is 
disrupted  ahout  two-thirds  of  ihe  way  across  the  oscillogram. 

serving  small     communities,     farms    and    dairies :    in 

other  sections,  factories  and   industrial  plants  can  be 

served  most  economically  through  outdoor  substations. 

A  type  of  substation  used  very  gencrallv   where 


considerably  larger  than  those  shown,  so  that  the 
capacity  of  the  station  can  easily  be  increased  as  ad- 
ditional loads  are  connected  up.  Several  standard 
sizes  of  steel  transformer  supporting  structures,  simi- 
lar to  the  one  shown,  can  now  be  quickly  secured  to 


FIG.    7 — BURKE    HORN    G.^P    OUTDOOR    SWITCH    OPENING    .-V    CIRCUIT 

accommodate   transformers    from     lo    to    300    k.v.a. 
capacity. 

The  station  shown  in  Fig.  2  is  used  to  serve  a 
coal  mine  load.  No  space  was  available  for  mount- 
ing the  station,  except  on  the  side  of  a  hill.  The 
steel  tower  is  mounted  on4:wo  concrete  piers.  Tackle 
was  suspended  from  the  top  of  the  steel  structure  to 
hoist  each  of  the  transformers  into  position.    No  other 


FIG.  8 — DIAGRAMMATIC  LAYOUT  OF  A  66000  VOLT,   3  000     K.V.A.    SUBSTATION    ON    THE    SIDE    OF    A     HILL 

the  capacity  of  the  transformers  does  not  exceed  300  tj'pe  of  substation  could  be  used  so  advantageously  at 

k.v.a.  is  shown  in  Fig.  i.     The  transformers  are  car-  such  a  location. 

ried  on  a  platform  some  distance  above  the  ground.  \\'hen  the  capacity  of  a  single  transformer  ex- 

The   structure   will   accommodate  three   transformers  ceeds    100  k.v.a.   it  is  usuallv  advisable   to  mount   it 
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on  a  concrete  pier  at  approximately  ground  level.  Fig. 
3  shows  such  a  sub-station  installed  at  Covington,  Va., 
on  the  lines  of  the  Virginia-Western  Power  Company. 
The  transmission  system  is  operated  at  44  000  volts  and 
is  approximately  64  miles  long.  Power  is  furnished 
to  various  municipalities  and  to  a  large  number  of 
coal  mines  and  paper  mills.  The  Chesapeake  &  Ohio 
Railroad  is  also  supplied  with  considerable  power  for 
ventilating  tunnels  and  other  purposes.  They  have 
adopted  a  type  of  substation  similar  to  the  one  pic- 
tured as  a  standard  method  of  distribution.  The 
transmission  line  is  dead-ended  to  the  steel  tower 
which  carries  the  switcliing  and  protective  equipment. 
Bus  wiring  is  carried  over  the  three  transformers  and 
is  supported  by  the  steel  tower  and  a  lattice  steel  pole. 
Another  substation  on  this  system,  shown  in  Fig.  4,  is 


FIG.   9 — 66000   VOLT   (HllmoR    M  l:^-T.\•|ln.^•    IN    THE    HEART   OF   A 
SMALL  TOWN 

protected  by  an  electrolytic  lightning  arrester  carried 
on  a  steel  rack  which  also  supports  one  end  of  the 
bus  wiring  over  the  transformers.  The  transmission 
line  is  dead-ended  on  a  special  steel  tower  which  also 
carries  the  horn  gap  switch. 

At  Steubenville,  Ohio,  it  was  necessary  to  install 
a  substation  consisting  of  two  1500  k.v.a.,  66000  to 
16  500  volt  transformers  with  the  necessary  protective 
equipment  and  switches  so  arranged  that  either  of  the 
transformers  might  be  tapped  to  either  of  the  two 
incoming  66  000  volt  lines.  There  was  only  one  loca- 
tion available  for  this  station  and  to  make  it  of  the 
indoor  type  would  not  only    have    required    a    large 


building  to  house  the  equipment,  but  also  a  great  deal 
of  excavation  would  have  been  necessary  as  the  sta- 
tion site  was  on  the  side  of  a  hill.  By  using  an  out- 
door substation,  the  natural  contour  of  the  ground  was 
taken  advantage  of  in  the  design,  as  shown  in  Fig.  8, 
and  a  very  simple  layout  resulted. 

The  substation  shown  in  Fig.  9,  at  Dillonvale, 
Ohio,  is  connected  in  the  66000  volt  loop  system  of 
the  Wheeling  Electric  Company  and  supplies  power 
for  this  community.  The  horn  gap  switches  on  the  two 
steel  towers  serve  to  sectionalize  the  transmission  line 
on  either  side  of  the  station.  The  transformer  is 
mounted  on  a  concrete  block  between  the  two  towers, 
directly  below  the  steel  frame  work  which  carries  the 
protective  equipment. 

It  is  often  desirable  to  install  metering  equipment 
on  the  low  voltage  side  of  the  outdoor  substations  and 
also  an  oil  circuit  lireaker  to  protect  the  transformers 


FIG.     10 — WEATHERPROOF    STEEL    METER    HOUSE 

against  normal  overload.  Fig.  10  shows  a  weather- 
proof steel  house  designed  primarily  for  this  use.  The 
arrangement  of  the  apparatus  is  very  compact  but  at 
the  same  time  every  thing  is  easily  accessible  through 
the  door.  The  potential  transformers  are  mounted 
back  of  the  integrating  watthour  meter  in  a  position 
that  can  be  readily  reached  if  desired  but  where  there 
is  no  danger  of  the  exposed  fuse  clips  being  accident- 
ally touched.  The  series  transformers  are  at  the  side 
of  the  slate  panel  on  which  the  meter  is  mounted.  The 
over-load  oil  circuit  breaker  is  mounted  directly  on  the 
steel  frame  work.  A  slide  covers  the  opening  in  the 
bottom  of  the  house  through  which  the  oil  tank  of  the 
circuit  breaker  may  be  lowered. 

The  successful  operation  of  the  outdoor  trans- 
former station  during  the  past  several  years  shows 
that  the  transformers  and  protective  equipment  have 
been  successfully  developed  to  meet  the  severe  condi- 
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tions  imposed  and  indicate  its  extensive  use  in  the 
future.  Although  the  low  cost  is  one  of  the  main 
factors,  the  operating  features,  its  simplicity  and  the 
fact  that  the  outdoor  sul)-station  makes  itself  almost 
a  part  of  the  line  construction  make  it  more  attractive 
as  transmission  voltages  increase.  It  has  demonstrated 
that  good  electric  service  from  high  tension  lines  can 
be    supplied    at    remote    locations    at    an    attractive 


price.  It  has  demonstrated  its  reliabilities  at  many 
of  the  large  distribution  centers  as  well  as  at 
the  remote  locations.  The  success  which  has  been  ob- 
tained on  the  lines  of  transmission  companies  in  all 
parts  of  the  country  justifies  the  prediction  that  the 
outdoor  transformer  substation  is  the  substation  of 
the  future  and  will  occupy  a  most  important  position 
in  the  development  of  transmission  work. 


The  Development  of  the  Oscillator 


DLVICES  to  cause  periodic  longitudinal  motion 
of  the  shafts  of  electrical  machines,  where 
such  motion  is  permissible,  have  come  to  be 
recognized  as  a  standard  part  of  such  machinery. 
So  far  as  the  writer  knows,  the  first  steps  looking 
toward  the  use  of  such  oscillators  were  taken  in  the 
early  days  of  the  operation  of  one  of  the  substations 
of  the  Niagara  Falls  Power  Company. 

In  1895,  three  1500  kilowatt  rotary  converters 
were  installed  in  a  substation  adjacent  to  the  factory 
of  the  Pittsburgh  Reduction  Company  (now  the  Alu- 
minum Company  of  America)  to  furnish  power  to 
that  company  for  the  puri)ose  of  making  aluminum 
by  the  Hall  process.  The  particular  rotary  converters 
in  question  were,  at  the  time,  by  far  the  largest  that 
had  been  built.  These  early  converters  were  consid- 
erably different  from  the  standard  machines  of  today, 
two  notable  differences  being  that  both  the  collector 
rings  and  the  commutators  were  equipped  with  leaf 
copper  brushes.  Commutating  conditions  soon  forced 
a  change  in  the  brushes  on  the  commutator,  first  to 
the  Wirt  brush,  which  was  composed  of  leaves  of 
material  of  varying  resistance,  the  outermost  leaves 
being  of  high  resistance,  usually  of  German  silver 
or  similar  metal,  and  the  innermost  leaves  of  copper; 
these  in  turn  gave  way  later  to  carbon  brushes,  the 
use  of  which  has  since  become  standard  for  this  class 
of  machinery. 

The  collector  rings  were  of  brass  or  bronze,  and 
the  use  of  leaf  copper  brushes  on  these  rings  soon 
gave  rise  to  cutting,  which  even  the  utmost  care  in 
regard  to  lubrication  could  not  avoid.  As  soon  as 
cutting  started,  a  groove  in  the  collector  ring  would 
result  and,  as  a  consequence,  within  a  few  months  the 
collector  rings  became  very  badly  grooved,  the  grooves 
extending  to  a  depth  of  1/16  in.  and  even  y%  in.  The 
use  of  leaf  copper  brushes  on  collector  rings  was  stan- 
dard at  that  time  and  there  was  as  yet  no  thought  of 
the  development  of  pressed  metal  and  graphite  that 
have  come  to  be  recognized  as  the  standard  brush 
for  use  on   collector  rings  today.     The  grooving  of 
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these  collectors  became  a  serious  problem.  To  some 
extent  the  grooving  also  extended  to  the  commutators, 
particularly  so  long  as  they  were  equipped  with  the 
leaf  metal  brushes.  It  was  early  recognized  that  if 
the  armatures  could  be  given  a  periodic  longitudinal 
motion,  this  difficulty  of  the  grooving  of  collectors 
and  commutators  would  disappear. 

It  was  Mr.  I.  R.  Edmands  (at  that  time  employed 
by  the  General  Electric  Company  in  erecting  this  ma- 
chinery, but  now  chief  engineer  of  the  Union  Carbide 
Company)  who  first  conceived  the  idea  of  giving  these 
shafts  a  longitudinal  motion  by  means  of  an  electro- 
magnet presented  to  one  end.  Fig.  i  shows  the  ar- 
rangement installed  by  Mr.  Edmands  on  these  Pitts- 
burgh Reduction  Company  converters,  for  the  pur- 
pose of  giving  them  a  forced  end  play.  The  magnet 
was  to  be  excited  periodically,  and  when  excited 
would,  of  course,  draw  the  shaft  toward  it.  As  soon 
as  the  excitation  was  interrupted  the  shaft  would 
drift  back  to  its  original  position  and.  if  properly  cen- 
tered, would  continue  to  oscillate  back  and  forth  for 
some  little  time.  These  magnets  were  made  and  ap- 
plied to  the  Pittsburgh  Reduction  Company  rotary 
converters. 

Some  difficulties  were  experienced  with  the  con- 
tact-making device  which  was  used  to  make  the  peri- 
odic contacts  necessary  for  exciting  these  magnets. 
To  overcome  the  difficulties  of  this  contact  maker. 
the  writer  devised  the  contact-making  arrangement 
shown  in  Fig.  2.  This  consists  simply  of  an  arm  so 
counter-weighted  that  it  would  stay  open  if  opened, 
and  stay  closed  if  closed.  This  arm  was  then  engaged 
by  means  of  a  solenoid,  the  motion  of  which  in  one 
direction  was  delayed  by  a  dash-pot.  As  soon  as  the 
contact  was  made  the  solenoid  would  become  ener- 
gized and  the  contact  almost  immediately  broken.  The 
dashpot  would  delay  the  closing  of  the  contacts  again, 
and  thereby  the  desired  intermittent  excitation  was 
given  to  the  oscillating  magnets.  This  contact-making 
device  was  used  rather  extensively  and  the  writer 
made  probably  lOO  or  more  of  them  for  different  os- 
cillator applications. 
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The  next  step,  as  far  as  the  writer  is  aware,  was 
the  development  of  the  mechanical  oscillator.  A  mod- 
ern form  of  this  oscillator  is  shown  in  Fig.  3.  A  steel 
plate  carrying  a  ball  race  and  backed  by  a  heavy  spring 
is  presented  to  the  end  of  the  rotating  shaft.  The 
steel  plate  and  ball  race  are  slightly  inclined  to  the 
plane  of  rotation  of  the  shaft.  The  rotation  of  the 
shaft  carries  the  ball  around  the  .race  and,  when  at 
the  upper  limit  of  its  travel,  the  spring  behind  the 
plate  carrying  the  ball  race  is  compressed,  thereby 
giving  the  shaft  a  longitudinal  thrust.  As  soon  as  this 
thrust  carries  the  shaft  to  a  point  such  that  the  dis- 
tance between  the  lower  part  of  the  ball  race  and  the 
shaft  end  is  greater  than  the  diameter  of  the  ball,  the 
ball  no  longer  continues  to  rotate,  but  lies  inert  at  this 
lowest  position.  As  soon  as  the  shaft  returns  again 
toward  the  ball  race,  the  ball  again  begins  to  rotate, 
giving  the  shaft  another  forward  thrust.  As  indica- 
ted, this  is  the  modern  outgrowth  of  the  original  me- 
chanical oscillator.     The  first  type  of  mechanical  os- 
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FIG.    I — SECTION.^L    SKETCH    OF    M.\GNETIC    OSCILLATOR 

FIG.    2 — DIAGR.\M    OF   CONTROL    MECHANISM    OF    MAGNETIC 

OSCILLATOR 

cillator,  which  appeared  about  1898,  was  by  no  means 
as  well  designed  in  its  details  as  the  one  shown  in 
Fig.  3.  However,  the  fundamental  idea  of  the  inclined 
plate  carrying  the  ball  race  was  the  same  in  both. 

Of  late  years  a  marked  improvement  has  also 
been  made  in  the  magnetic  oscillator.  A  shaft  oscil- 
lating longitudinally  in  a  magnetic  field  has  a  natural 
period  of  oscillation,  depending  upon  the  weight  of 
the  rotating  part  and  the  side  pull  due  to  the  field 
magnets  for  a  given  amount  of  longitudinal  displace- 
ment. So  long  as  the  periodic  excitation  of  the  oscil- 
lating magnet  corresponded  properly  with  the  period 
of  the  natural  time  of  oscillation,  there  would  be  no 
difficulty  in  maintaining  a  constant  oscillation  of  the 
shaft.  However,  with  the  contact-making  device, 
shown  in  Fig.  2,  there  was  no  assurance  that  the  time 
period  between  excitations  would  correspond  with 
the  natural  period  of  oscillation  of  the  armature.  The 
natural  remedy  was,  of  course,  to  cause  the  movement 
of  the  shaft  itself  to  open  the  oscillator  magnet  cir- 
cuit.    Most  of  the  magnetic  oscillators  built  in  recent 


years  have  used  this  method  of  timing  the  excitation 
of  the  oscillating  magnet,  and  as  a  consequence  there 
is  practically  no  more  use  for  the  device  shown  in 
Fig.  2. 

There  are  two  quite  distinct  causes  for  wear  be- 
tween brushes  and  the  collectors  or  commutators  on 
which  they  bear.  One  of  these  is  the  purely  mechan- 
ical wear  that  takes  place  between  any  two  rubbing 
surfaces,  particularly  when  these  two  surfaces  are  of 
the  same  metal  or  when  one  of  them  is  of  a  grinding 
nature;  the  other  is  the  passage  of  current  across  the 
rubbing  contact  causing  a  wear  or  burning  that  would 
not  occur  simply  from  mechanical  reasons  alone.  As 
electrical  machinery  developed,  the  mechanical  causes 
for  wear  were  largely  eliminated;  pressed  metal-and- 
graphite  brushes  were  used  on  the  collector  rings  and, 
with  the  development  of  the  commutating  pole,  a  much 
softer  and  higher  conductivity  brush  could  be  used  on 
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FIG.    3 — Si:CTIONAL    VIEW    OF    MECHANICAL    OSCILLATOR 

commutators.  The  improved  mechanical  conditions 
thus  made  available  were  at  once  taken  advantage  of 
by  increasing  the  current  densities  which  in  turn  in- 
creased the  causes  of  electrical  wear  or  incipient 
burning  between  the  rubbing  surfaces.  Therefore, 
while  development  has  largely  eliminated  one  reason 
for  the  existence  of  the  oscillator,  it  has  emphasized 
another.  From  mechanical  considerations  alone,  it  is 
doubtful  if  there  is  any  real  need  now  for  the  oscillator 
but  with  the  largely  increased  current  densities  used 
on  modern  rotary  converters,  the  electrical  conditions 
are  such  as  to  make  their  use  desirable. 

The  above  constitutes,  in  brief,  the  history  of  the 
oscillator  from  the  personal  recollections  of  the  writer. 
There  are  undoubtedly  many  steps  in  the  development 
of  this  device  with  which  the  writer  is  not  familiar, 
and  of  those  he  makes  no  attempt  to  speak.  It  is 
hoped  that  this  brief  history  of  the  device  may  prove 
of  some  interest  to  the  readers  of  the  Tourn.\l. 


The  Engineering  Evolution  of  Electrical 

Apparatus — XII 

THE  DEVELOPMENT  OF  THE  DIRECT-CURRENT  GENERATOR  IN  AMERICA— (Cont.) 

B.  G.  Lamme 
Chief  Engineer, 

Westiiighouse  Electric  &  Mfg.  Company 


BRUSHES    AND    BRUSH  HOLDERS 

THE  types  and  constructions  of  brushes  and 
brushholders  have  held  a  not  unimportant 
place  in  the  development  of  direct-current  ap- 
paratus. On  the  very  early  apparatus,  copper  or  metal 
lalloy  brushes  were  used  almost  exchisively.  These 
were  even  used  on  early  railway  motors,  but  the  re- 
sults could  not  be  considered  as  highly  satisfactory. 
It  is  hardly  conceivable  that  electric  traction  could 
have  reached  its  present  high  development  if  the  met- 
al brush  had  been  retained.  About  1887  and  1888,  the 
carbon  brush  began  to  come  into  use  and  it  is  still 
with  us,  with  no  prospects  of  being  displaced  by  any- 
thing else,  except  in  very  special  applications,  such  as 
extremely  low  voltage  work.  It  may  be  said  that  no 
one  thing  has  had  a  greater  influence  on  direct-cur- 
rent development  than  the  carbon  brush. 

By  the  time  the  larger  railway  generators  began 
to  come  into  use,  as  described  in  the  first  part  of  this 


its  good  points  as  well  as  bad.  All  of  these  types  are 
still  in  use  to  a  certain  extent,  but  certain  of  them  pre- 
dominate in  present  manufacture.  It  so  happens  that 
the  one  which  is  now  furnished  almost  exclusively 
with  the  larger  apparatus,  namely,  the  sliding  type, 
was  also  one  of  the  earliest  developed. 

The  early  Weston  type  railway  generator  built  by 
the  U.  S.  Co.  (described  in  the  early  part  of  this  arti- 
cle), had  a  sliding  type  carbon  brushholder.  When  the 
Westinghouse  Company  took  up  the  manufacture  of 
the  multipolar  generator,  sliding  carbon  holders  were 
used.  As  far  as  the  writer  knows,  the  early  T-H  gen- 
erators also  had  sliding  holders.  The  railway  motors 
of  that  time,  built  by  the  Edison  (Sprague  system), 
the  T-H,  the  Westinghouse,  and  the  Short  Companies, 
all  had  some  form  of  sliding  holder,  and  usually  with 
the  carbons  standing  radially  to  the  commutator.  In 
railway  motors,  there  was  a  definite  reason  for  this, 
for,  as  such  motors  operated  in  either  direction,  the 
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article,  the  carbon  brush  was  well  established.  How- 
ever, the  manufacture  of  such  brushes  in  those  days 
was  rather  crude  compared  with  present  practice, 
which  also  may  he  said  of  everything  else  in  the  elec- 
trical business.  There  was  no  wide  range  of  varieties 
or  grades  to  choose  from,  and  the  carbon  was  a  car- 
bon brush  only.  1  f  there  had  been  many  grades,  we 
probably  would  not  have  known  how  to  apply  them. 
We  found  what  brush  gave  us  good  results  in  a  cer- 
tain case,  and  we  stuck  to  it  "through  thick  and  thin." 
When  there  were  troubles,  they  were  frequently  blamed 
on  the  mica  or  the  l)rushholders.  The  latter  were  thus 
subject  to  continual  change.  Types  came  and  went  and 
then  came  back  again.  However,  out  of  the  multi- 
plicity of  brushholders,  several  comparatively  distinct 
types  arose.  Fig.  7,  such  as  the  "sliding,"  the  "reac- 
tion" (which  was  one  form  of  the  sliding  type),  the 
"swivel"  and  the  "parallel-motion"'  types.     Each  had 


radial  carbon  was  assumed  to  give  the  best  average 
working  conditions.  Also,  radial  carbons  were  used 
on  some  of  the  early  railway  generators,  but  it  was 
soon  found  that  a  slight  inclination  of  the  brushes  to 
the  face  of  the  commutator  allowed  a  somewhat 
smoother  action,  there  being  less  chattering  and  less 
"screeching"  in  the  case  of  highly  polished  commuta- 
tors. It  was  a  good  deal  like  moving  a  pencil  over  a 
sheet  of  glass.  With  the  pencil  held  too  nearly  ver- 
tical to  the  glass,  tliere  is  liable  to  be  chattering  and 
screeching.  Thus  it  soon  became  standard  practice  to 
incline  the  brushes  when  the  sliding  type  was  used. 

In  the  early  sliding  type  holders,  it  was  found 
that  when  heavy  currents  per  brush  were  carried, 
there  was  a  tendency  towards  burning  of  both  the 
brush  and  the  inside  of  the  brush  box.  In  some  forms 
of  sliding  holders  it  was  attempted  to  overcome  this  by 
clamping  each  carbon  tightly  in  a  metal  box,  and  ar- 
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ranging  for  the  boxes  to  slide  up  and  down  on  the 
holders.  The  transfer  of  current  v/as  thus  between 
metal  surfaces.  But  eventually  this  developed  trouble. 
The  obvious  remedy  for  all  these  cases  was  to  attach 
flexible  shunts  from  the  carbon  itself  to  the  solid 
frame  of  the  brushholder.  However,  the  designers 
had  many  trials  and  tribulations  before  this  remedy 
was  well  developed.  In  the  early  Westinghouse  gen- 
erators, before  the  use  of  shunts  became  general,  it 
was  found  that  very  long  carbons  were  effective  in 
preventing  burning  of  the  carbons  in  their  bo.xes,  and 
this  practice  was  adhered  to  pretty  faithfully  for  sev- 
eral years.  Of  course,  the  beneficial  effects  of  the 
long  carbon  were  largely  in  increasing  the  contact  sur- 
face, and  in  lessening  any  tendency  to  chatter,  as  a 
long  carbon  would  not  "rattle  about"  in  its  box,  as 
readily  as  a  short  one. 

Due  to  the  difficulty  in  transferring  current  from 
the  carbon  to  the  holder,  in  the  sliding  shunt  type,  the 
Westinghouse  Company  (and  presumbly  all  other 
companies,  also),  tried  out  various  forms  of  the 
swivel  type  holder.  In  this  type,  the  brush  was 
clamped  in  a  metal  box  which  was  attached  to  an  arm 
which  swiveled  about  a  holder  rod  or  pin.  This  soon 
showed  trouble  at  the  swivel  contacts,  due  to  the  cur- 
rent, and  therefore,  shunts  had  to  be  attached  from 
the  swivel  arms  to  the  holder  frame  in  order  to  pro- 
tect the  swivel  joints  or  bearings.  However,  as  this 
shunt  connected  rnetal  to  metal,  it  was  not  difficult  to 
apply.  This  type  of  holder  therefore,  seemed  1o  solve 
the  problem.  But  another  difficulty  came  up.  About 
this  time,  engine-type  generators  came  into  general 
use,  and  it  was  soon  found  that  the  swivel  type  holder 
was  liable  to  give  trouble  on  engine  type  machines, 
owing  to  the  "weaving"  action  of  the  armature  and 
commutator  due  to  movement  of  the  shaft  in  the 
bearings,  resulting  from  the  engine  crank  action.  As 
long  as  the  commutator  ran  perfectly  true  with  re- 
spect to  the  brushholder,  the  brush  faces  would  follow 
the  commutator  perfectly.  But,  with  the  brushholders 
hung  from  the  generator  field  frame,  or  pedestals  on 
the  generator  base,  it  may  be  seen  that  with  any  weav- 
ing action  due  to  the  engine  cranks,  the  brush  faces, 
with  swivel  holders  could  not  possibly  remain  in  inti- 
mate contact  with  the  commutator  face,  and  a  periodic 
"heel-and-toe"  contact  would  result.  This  necessarily 
meant  sparking  under  the  brush  face,  with  consequent 
gradual  burning  away  of  the  brush  face  and  the  com- 
mutator copper.  Therefore,  the  commutators  gradu- 
ally "smutted" ;  that  is,  they  got  "dirty,"  and  would 
show  no  polish.  This,  of  course,  was  a  fatal  defe:t, 
and  eventually  put  the  swivel  holder  out  of  business, 
as  far  as  the  large  engine  type  generator  was  con- 
cerned. However,  this  type  of  holder  had  much 
greater  success  on  self-contained  machines,  in  which 
the  commutator  and  brushholder  could  be  made  to  run 
perfectly  true  with  respect  to  each  other. 

Another  type  of  holder  which  later  came  into  use, 
and  for  which  great  claims  were  made,  was  the  paral- 


lel-motion holder.  This  was  somewhat  similar  to  the 
swivel  type,  except  that  the  brush  bo.x  moved  up  and 
down  parallel  to  itself  through  a  parallel-motion  ar- 
rangement. This  parallel-motion  part  usually  con- 
sisted of  two  parallel  arms  of  flexible  material,  which 
were  connected  at  one  end  to  the  brushholder  frame 
and  at  the  other  to  the  brush  box.  The  flexible  arms 
were  made  of  laminse  of  copper,  bronze  or  steel,  and 
were  flexible  enough  to  allow  a  slight  up  or  down  mo- 
tion, but  were  not  flexible  enough  to  make  the  holder 
unduly  flimsy.  In  principle,  this  holder  seemed  a 
very  good  one,  and  it  held  its  own  for  some  years. 
The  Crocker-Wheeler  Company  probably  used  this 
type  to  a  greater  extent  than  any  other  manufacturer. 
It  appears  to  be  applied  but  little  at  present,  presum- 
ably due  to  questions  of  cost  and  space  requirements. 

A  fourth  form  of  brushholder,  namely,  the  reac- 
tion type,  is  in  reality,  one  form  of  the  sliding  type 
holder,  for  the  brush  slides  up  and  down  parallel  to 
itself.  In  this  holder  the  sliding  brush  is  inclined  to 
the  commutator  and  holder  at  such  an  angle  that  the 
reacting  forces  tend  to  make  it  hug  the  brushholder 
face,  and  thus  give  contact  between  the  carbon  and 
holder.  This  type  of  holder  was,  at  one  time,  applied 
quite  extensively  to  railway  generators  by  the  Bullock 
and  the  Walker  Companies,  and  is  still  applied  to 
small  machines,  to  some  extent. 

During  all  these  departures  and  variations  in 
brushholder  design,  the  straight  sliding  carbon  type 
was  still  going  through  a  course  of  development,  which 
consisted  principally  in  simplifying  and  "improving" 
the  construction  of  the  holder  itself,  and  the  applica- 
ton  of  shunts  between  the  holders  and  carbons.  This 
latter  was  no  simple  matter,  and  almost  as  much  effort 
has  been  expended  in  suitably  attaching  shunts  to  car- 
bon brushes  as  in  developing  carbon  brushholders 
themselves.  One  great  difficulty  was  that  any  new 
method  of  attaching  the  shunt  to  the  carbon  had  to  be 
tried  out  in  actual  service  for  a  comparatively  long 
period  before  it  could  be  accepted  or  condemned,  and 
usually  it  was  condemned.  A  certain  shunt  attach- 
ment might  prove  perfectly  satisfactory  in  one  class  of 
service,  and  would  be  almost  worthless  in  another 
class.  One  principal  difficulty  was  that  the  current,  in 
passing  from  the  carbon  to  the  shunt,  or  vice  versa, 
would  tend  gradually  to  eat  away  the  points  of  con- 
tact so  that  eventually  the  shunts  would  loosen  or  lose 
contact.  This  was  a  pretty  big  problem,  and  in  the 
early  part  of  the  development,  the  manufacturers  of 
the  electric  machines  usually  attached  the  shunts,  de- 
veloping various  methods  of  doing  this.  Later,  how- 
ever, the  carbon  manufacturers  took  up  the  matter 
and,  in  general,  were  able  to  produce  simpler  and  bet- 
ter methods  by  attaching  the  shunt  during  the  forma- 
tion or  manufacture  of  the  carbon,  the  shunt  thus 
forming  an  integral  part  of  the  carbon  instead  of  being 
an  after  attachment.  With  the  greater  perfection  of 
the  shunt  attachments,  the  sliding  type  carbon  holders 
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began  to  dominate  the  field  until,  today,  this  type  is 
most  generally  used. 

There  were,  of  course,  many  variations  in  the 
construction  of  the  sliding  holders  themselves,  such  as 
in  the  types  and  arrangements  of  springs,  the  materials 
and  methods  used  in  tlie  manufacture  of  the  holders, 
the  sizes  and  shapes  of  carbons,  but  these  have  appar- 
ently had  no  very  controlling  effect  on  the  general  de- 
velopment. In  generators,  the  inclination  of  the  car- 
bon cither  toward  or  against  the  direction  of  rotation, 
was  at  one  time  a  much  mooted  point,  but  apparently 
it  has  never  been  definitely  decided  which  practice  is 
better,  as  both  are  used  at  the  present  time,  and  ap- 
parently the  choice  depends  upon  local  conditions, 
such  as  commutator  speed,  lubricating  quality  of  the 
carbons,  and  a  number  of  other  conditions.  In  many 
cases,  changing  the  holder  from  either  direction  of 
inclination  to  the  opposite  direction,  has  apparently 
helped  the  operation. 

Grades  of  Brushes — In  recent  years,  much  more 
attention  has  been  paid  to  the  various  grades  of  car- 
bons, as  regards  their  conducting  and  lubricating  quali- 
ties, softness,  etc.  Graphite  brushes,  or  the  use  of 
graphite  in  carbon  brushes,  was  long  ago  recognized 
as  furnishing  some  very  good  qualities.  However,  it 
was  soon  noted  that  brushes  with  much  graphite  in 
them  were  liable  to  give  "smutty"  or  burnt  commuta- 
tors, at  least  in  railway  work.  This  was  blamed  largely 
on  the  brush,  which  was  possibly  true  to  some  extent, 
but  it  was  later  recognized  that  the  fault  was  partly 
in  the  inability  of  such  lubricating  brushes  to  wear 
the  mica  down  rapidly  enough.  In  some  cases,  two 
grades  of  brushes  were  used  on  a  machine  at  the  same 
time,  part  having  high  abrasive  qualities  and  the  others 
being  of  a  graphite  nature  and  furnishing  good  lubri- 
cation. With  a  better  understanding  of  the  problem 
has  again  come  the  use  of  graphite  types  of  brushes, 
with  undercut  commutators,  and  they  appear  to  be 
very  successful  in  many  cases.  Thus  a  type  of  brush 
which,  at  one  time,  was  condemned  for  railway  work, 
has  later  come  into  extended  use,  due  partly  to 
changes  in  constructive  conditions. 

Where  better  conducting  qualities  in  the  brushes 
were  desired,  the  so  called  carbon-gauze  brushes  have 
been  used  at  times.  These  originated  probablv  as 
early  as  1892.  They  were  used  on  large  railway  gen- 
erators to  some  extent,  but  principally  in  connection 
with  lower  voltage  machines.  In  these  brushes,  sheets 
of  fine  wire  gauze  were  embedded  in  the  carbon  during 
the  manufacture. 

The  question  of  plated  versus  unplated  brushes 
came  up  very  early  in  the  application  of  carbon 
brushes,  and  is  not  satisfactorily  settled  yet.  One 
theory  was  that  plating  assisted  in  the  transfer  of 
current  between  the  carbon  and  the  brush  box,  reduc- 
ing the  burning  action.  Another  theory  was  that  there 
should  be  little  or  no  flow  of  current  between  the  car- 
bon and  box  and,  therefore,  plating  was  harmful,  es- 
pecially on  carbons  with  good  shunts.    Again,  where 


the  shunts  have  been  attached  simply  to  the  outside 
surface  of  the  carbon,  it  has  been  claimed  that  plating 
assisted  in  getting  the  current  to  the  shunt.  And  the 
question  is  still  open  for  discussion.  In  many  cases 
probably  it  is  merely  a  matter  of  personal  opinion. 
There  are  so  many  variable  conditions  in  each  ma- 
chine that  one  can  get  quite  different  results  at  dif- 
ferent times,  or  under  different  conditions  of  service. 

Burning  of  Brushes,  "Picking  up  Copper,"  etc. — 
Ever  since  carbon  brushes  came  into  use  there  has 
been  more  or  less  trouble  from  burning  of  the  brush 
faces,  honeycombing  of  the  carbon  structure  and  pick- 
ing up  of  copper.  These  do  not  always  go  together, 
but  there  are  certain  common  causes  for  all  these  ac- 
tions. In  the  very  early  slotted  armature  generators 
ample  brush  capacity  was  usually  furnished.  How- 
ever, gradually  the  ratings  of  such  machines  were  in- 
creased, without  radical  changes  in  the  proportions, 
due  largely  to  improvement  in  ventilation,  so  that 
eventually  the  carbon  brushes  were  worked  at  very 
high  apparent  current  densities  (densities  due  to  work 
current  only).  It  was  soon  evident  that  the  brushes 
were  worked  too  hard,  and  steps  were  taken  to  im- 
prove this  condition  by  increase  in  brush  size,  etc. 
Brushes  were  made  thicker  circumferentially,  with  a 
view  to  reducing  the  current  density,  the  fact  being 
overlooked,  or  not  recognized,  that  the  local  or  cross 
currents  of  the  brush  face  was  back  of  a  considerable 
part  of  this  brush  trouble.  In  many  cases  these 
thicker  brushes  did  not  improve  conditions,  or  were 
even  harmful.  This  latter  was  proven  to  be  the  case, 
in  many  instances,  by  simply  beveling  the  "toe"  of  the 
thick  brush  in  order  to  reduce  the  breadth  of  contact. 
\^ery  often,  much  better  operation  was  obtained  with 
these  beveled  brushes,  although  the  apparent  current 
density  in  the  brush  was  increased,  but  in  fact,  the 
actual  current  density  was  decreased.  This  led  up  to 
an  appreciation  of  the  fact  that  the  local  current  in 
the  brush  in  many  cases,  was  actuallv  greater  than  the 
useful  or  work  current.  The  writer  very  early  reached 
the  conclusion  that  the  apparent  current  density  in 
carbon  brushes  was  of  no  real  importance  in  designs 
or  guarantees,  unless  other  conditions,  such  as  thickness 
of  brush,  etc.,  were  also  specified. 

Due  largely  to  too  high  actual  current  density  in 
the  brush,  there  was  much  trouble  in  some  of  the  early 
machines  from  burning  of  the  brush  faces.  This 
burning  would  begin  at  one  edge  of  the  brush  and 
gradually  travel  across  the  whole  brush  face,  until 
the  entire  face  had  been  burned  away  and  the  brush 
tip  badly  hone3'combed  in  some  instances.  This  honey- 
combing was  usualh^  coincident  with  "glowing,"  that 
is,  red  hot  spots  would  appear  in  the  brush  tips.  Many 
attempts  were  made  to  cure  such  conditions  by  substi- 
tution of  a  different  kind  of  brush,  and  sometimes 
with  success,  due  principally  to  change  in  brush  re- 
sistance, with  consequent  change  in  local  currents. 
But  this  was  largely  cut-and-try.     It  was  also  found 
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that  improvement  in  the  inherent  commutating  condi- 
tions would  also  lessen  the  brush  trouble.  Obviously, 
this  simply  reduced  the  local  currents,  which  conse- 
quently helped  both  the  commutator  and  the  brushes. 

Polarity — It  was  noted  very  early  in  direct-cur- 
rent work  that  the  positive  and  negative  carbon 
brushes  did  not  act  exactly  alike.  Those  of  one  polar- 
ity would  some  times  take  a  good  polish  at  the  brush 
face,  while  those  of  the  other  polarity  would  show  but 
little  polish.  Also,  the  brush  faces  would  sometimes 
have  a  coating  of  copper  formed  on  them,  or  small  par- 
ticles of  copper  would  embed  themselves  in  the  brush 
face.  This  action  was  not  the  same  for  both  polarities. 
It  was  quite  a  long  time  before  this  unequal  polishing 
and  picking  up  of  copper  was  even  partially  under- 
stood. Eventually  it  was  found  that  when  a  current 
passed  through  a  moving  contact,  such  as  that  between 
a  brush  and  a  moving  commutator,  or  collector  ring, 
there  was  a  tendency  for  minute  particles  of  the  ma- 
terial of  the  contact  faces  to  be  eaten  or  burned 
away,  depending  upon  the  direction  of  current.  When 
the  current  passed  from  the  brush  to  the  commutator, 
the  brush  face  tended  to  eat  away,  while  with  current 
in  the  reverse  direction,  the  commutator  copper  showed 
this  effect.  With  low  current  densities  in  the  points 
of  contact,  it  was  noted  that  this  action  was  very 
slight.  Also,  the  better  the  contact,  that  is,  the  lower 
the  resistance  of  contact,  the  less  this  action  was.  In 
some  cases  the  material  burned  away  from  one  surface 
was  deposited  on  the  opposing  face,  possibly  mechan- 
ically. For  instance,  with  a  carbon  brush  and  current 
passing  from  the  carbon  to  the  commutator,  the  com- 
mutator conditions  were  averaged,  and  it  was  only  in 
the  brushes  that  any  difference  would  show.  Long 
before  this  action  was  well  appreciated  it  was  indi- 
cated on  the  collector  rings  of  certain  rotating  arma- 
ture alternators  an-^  rotary  converters.  In  some  of 
these  machines,  with  copper  brushes  on  the  rings,  but 
with  very  high  ci'-ent  densities  at  the  brush  contacts, 
it  was  found  that  the  rings  tended  to  wear  out  of 
round,  with  half  as  many  low  places  as  there  were 
current  alternations  per  revolution,  or  number  of  poles 
in  the  field.  This  was  quite  pronounced  in  some  cases, 
but  was  usually  blamed  on  loose  brushes,  because  in- 
creasing the  brush  contact  pressure  usually  helped  it 
temporarily.  The  fact  was,  that  this  was  a  true  burn- 
ing action,  as  above  described,  and  it  was  only  in  every 
other  alternation  that  the  current  was  in  the  direction 
which  would  burn  the  collector  ring.  The  fact  that 
the  different  collector  rings  did  not  have  their  low 
spots  in  phase  with  each  other  was  not  appreciated 
for  a  long  time. 

^Mth  carbon  brushes,  this  action  between  the 
commutator  and  brushes  became  much  more  pro- 
nounced as  the  apparent  current  densities  were  in- 
creased. Also,  picking  up  of  copper  became  more 
pronounced.  Both  brush  polarities  suffered  a  great 
deal  from  burning.  One  polarity  would  have  the 
brush  face  burned  awav  due  to  the  direction  of  cur- 


rent, this  action  being  cumulative  for,  as  the  face 
burned  away  at  one  edge,  due  to  the  sum  of  the  local 
and  work  currents,  tlie  contact  arc  would  be  de- 
creased, and  the  contact  would  continue  to  burn  away, 
although  the  local  currents  would  be  lessened.  On 
the  other  polarity,  where  such  burning  should  not  be 
expected,  a  coating  of  copper  would  form  in  some 
cases,  and  this  would  tend  to  lower  the  brush  contact 
resistance,  and  thus  increase  the  local  currents,  which 
depended  upon  the  contact  resistance.  Thus  the 
brushes  of  this  polarity  would  also  be  burned,  due  to 
the  excessive  current.  Moreover,  as  the  copper  de- 
posit was  frequently  very  irregular,  the  reduction  in 
brush  contact  resistance  would  be  local  only.  At  the 
spots  of  lower  resistance,  an  excess  part  of  the  work 
current  would  flow,  tending  to  produce  local  heating. 
As  the  temperature  coefficient  of  resistance  of  carbon 
is  negative,  any  local  heating  would  mean  still  lower 
local  resistance,  a  larger  percentage  of  the  total  cur- 
rent concentrated  at  this  point,  and  thus  more  heat- 
ing, the  action  becoming  cumulative,  until  glowing  oc- 
curred at  times.  This  abnormal  local  heating  tended 
to  disintegrate  the  brush,  so  that  cavities  formed  at 
or  near  the  brush  tip  and  the  carbon  became  "honey- 
combed." This  action  was  not  always  coincident  with 
"picking-up-copper,"  for  anything  which  produced 
unequal  division  of  current  among  the  brushes  or 
over  the  brush  contact,  tended  toward  glowing  and 
honeycombing.  This  action  apparently  was  more 
closely  connected  with  high  current  densities,  either 
locally  or  as  a  whole,  than  with  any  other  cause.  Obvi- 
ously, with  the  brushes  worked  normally  very  close 
to  the  limit  as  regards  permissible  current  densities, 
any  little  inequalities  in  current  were  liable  to  have  a 
more  pronounced  effect. 

This  action  has  been  dealt  with  rather  fully,  as 
it  was  one  of  the  very  serious  troubles  in  old  time 
machines.  Many  attempts  were  made  to  overcome 
this  trouble  by  changing  the  kind  of  brush,  the  type 
of  brushholder,  proportions  of  the  armature,  etc.,  and 
with  varying  success.  Burning  of  the  brushes  was 
frequently  accompanied  by  high  mica  on  the  commu- 
tator, and  this  in  turn  exaggerated  the  burning.  Un- 
dercutting the  mica,  by  allowing  more  intimate  con- 
tact between  the  brushes  and  copper,  quite  frequently 
alleviated  this  condition.  But  where  the  actual  cur- 
rent densities  were  very  high,  even  undercutting  did 
not  cure  the  trouble.  Eventually,  it  was  recognized 
that  lower  actual  current  densities  must  be  had,  and 
when  this  was  thoroughly  appreciated  and  embodied 
in  the  designs,  burning  of  brushes  and  picking  up  of 
copper  were  of  much  less  usual  occurrence.  In  the 
connnutating-]jole  machine,  referred  to  later,  the  local 
currents  are  under  partial  control,  and  thus  the  ap- 
parent current  densities  in  the  brush  can  be  brought 
up  much  nearer  to  the  actual  limiting  densities,  so  that 
today  considerably  higher  apparent  densities  are  used 
regularly. 
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The  above  covers  one  principal  cause  of  brush 
trouble.  However,  there  were  many  cases  of  trouble 
in  which  the  brush  densities  were  not  unduly  high, 
considering  the  size  of  brush  face,  but  where  the  ef- 
fective brush  contact  area  was  reduced  by  bad  me- 
chanical conditions,  such  as  chattering  of  the  brushes, 
commutators  out  of  round,  etc.  It  was  not  always 
possible  to  distinguish  betw^een  the  various  causes  of 
brush  burning  and,  not  infrequently,  a  remedy  which 
worked  in  one  case  was  an  entire  failure  in  the  next. 
Unequal  division  of  current  between  different  brush 
arms  in  parallel,  and  also  between  the  different  brushes 
on  the  same  arm,  also  greatly  complicated  the  prob- 
lem. Back  of  this  is  the  negative  temperature  coeffi- 
cient of  resistance  of  the  carbon  brush,  as  mentioned 
before.  With  a  positive  coefficient,  any  local  increase 
in  current  would  be  opposed  by  a  local  increase  in  re- 
sistance, thus  tending  to  equalize  the  current  distribu- 
tion between  the  various  brushes.  However,  with  the 
negative  coefficient,  a  more  or  less  unstable  condition 
exists.  This  unfortunate  condition  has  been  recog- 
nized for  many  years  and  presumably  it  has  been  a  seri- 
ous handicap  in  direct-current  design  and  develop- 
ment. Various  devices  for  overcoming  it  have  been 
suggested  from  time  to  time,  but  no  very  practical 
one  has  yet  been  produced. 

BRUSH  HOLDER  SUPPORTS 

Having  dealt  with  brushes  and  brushholders,  the 
brushholder  arms  and  supports  should  be  given  con- 
sideration, as  there  is  some  interesting  history  con- 
nected with  this  feature  of  design.  In  the  earlier  ma- 
chines the  brushholder  arms  or  supports  were  carried 
by  brackets  attached  to  or  surrounding  the  bearing. 
This  was  common  practice  in  all  early  belted  ma- 
chines. Provision  was  usually  made  for  some  easy, 
quick  method  for  rocking  the  brushes  forward  or 
backward  to  suit  the  commutation.  Even  on  the 
railway  generators,  where  the  point  of  commutation 
was  supposed  to  be  fixed,  such  brush-rocking  devices 
were  always  furnished,  so  that  the  best  average  posi- 
tion of  commutation  could  readily  be  found. 

When  the  engine-type  generator  came  in,  new 
problems  were  encountered.  In  the  first  place  the 
engine  bearing  was  not  always  a  suitable  place  to  at- 
tach a  brushholder,  and  in  the  second  place,  with  large 
diameter  commutators,  this  made  a  rather  flimsy  sup- 
port for  a  large  diameter  of  holder.  Also,  a  new  prob- 
lem came  up  in  the  weaving  action  of  the  armature  of 
the  engine  type  generator,  as  already  referred  to.  If 
the  brushholder  frame  was  held  stationary,  then  the 
weaving  action  of  the  commutator  meant  continual 
motion  of  the  brushes  up  and  down  in  their  holders, 
which  was  considered  undesirable.  In  one  early  West- 
inghouse  engine-type  generator,  an  attempt  was  made 
to  make  the  brushholder  follow  the  commutator  by 
suspending  it  directly  on  the  engine  shaft  by  a  sleeve 
or  bushing  which  fitted  over  the  shaft,  thus  forming 
a  bearing.    This  was  prevented  from  rotating  with  the 


shaft  by  means  of  a  brace  to  some  stationary  part  of 
the  engine  frame.  This  worked  for  awhile,  until  one 
day  the  bearing  "froze"  on  the  shaft,  the  brace  broke, 
and  the  brushholder  started  to  rotate  around  the  com- 
mutator. This  ended  the  history  of  that  particular 
type  of  support. 

The  next  step  in  the  development  of  the  brush- 
holder  support  consisted  in  hanging  it  from  the  field 
yoke,  either  centering  it  in  the  yoke  itself  (early  West- 
inghouse  practice)  or  centering  it  on  a  number  of  rigid 
arms  extending  out  from  the  yoke  toward  or  over  the 
commutator,  (early  G.  E.  practice).  Of  course,  these 
two  methods  were  practically  equivalent.  Eventually, 
for  purely  constructive  reasons  apparently,  centering 
in  the  yoke  itself  became  the  general  practice  and  is 
standard  practice  at  the  present  time  in  the  larger  ma- 
chines. This  method  of  support  did  not  eliminate  the 
dffficulty  from  weaving  action  of  the  commutator,  but 
in  furnishing  a  rigid  brush  support,  the  resultant 
troubles,  due  to  weaving  action,  were  partly  overcome 
and  the  development  of  good  sliding  type  brushholders 
took  care  of  the  rest. 

Another  trouble  developed  occasionally,  principal- 
ly in  connection  with  brushholders  for  long  commuta- 
tors, that  is,  wide  commutator  faces.  The  individual 
brushholder  arms  would  sometimes  vibrate  or  chatter 
badly.  At  first,  it  was  attempted  to  make  the  indi- 
vidual arms  rigid  enough  to  take  care  of  this,  but  as 
each  arm  had  to  be  insulated  from'  the  brushholder 
frame,  it  w'as  difficult  to  obtain  sufficient  rigidity  with- 
out undue  complication  and  expense.  As  an  alterna- 
tive, the  practice  was  adopted  of  tying  adjacent  arms 
to  each  other  at  their  ends  by  means  of  insulated  sup- 
ports, so  that  the  entire  system  of  brush  arms  thus 
formed  one  rigid  body.  This  was  very  effective  and 
is  standard  practice  today. 

On  the  earlier  machines,  the  brush  arms,  to  which 
the  l)rushholders  were  attached,  were  made  of  brass 
or  some  other  fairly  good  conducting  material.  For 
some  reason  or  other,  iron  was  considered  objection- 
able, and  it  was  many  years  before  it  came  into  general 
use  for  the  brushholder  arms.  Now  it  is  standard 
practice.  Possibly,  commercial  reasons  may  have  in- 
fluenced this  delay  in  the  use  of  iron  in  brush  arms, 
for  it  was  criticised  as  being  "cheap"  in  appearance. 

COMMUTATORS 

Commutators  and  commutator  constructions  also 
have  a  history,  but  it  is  rather  difficult  to  trace  this 
systematically.  Very  early  in  direct-current  generator 
practice,  the  present  "V"  construction  for  supporting 
the  commutator  bars  was  developed  and,  with  various 
minor  modifications,  it  has  come  through  to  the  pres- 
ent. This  construction.  Fig.  8-(7,  was  adopted  on  the 
earliest  Westinghouse  multipolar  generators  and,  with 
only  one  exception,  namely,  the  shrink-ring  construc- 
tion in  turbo-generator  commutators,  it  has  been  re- 
tained on  these  machines  throughout.  The  angle  of  the 
V's,  the  shape  and  construction  and  material  of  the 
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insulation  have  varied  from  time  to  time,  but  this  gen- 
eral method  of  supporting  the  bars  has  remained  un- 
changed. 

Another  early  method  of  supporting  the  commuta- 
tor bars,  which  was  used  considerably  by  some  manu- 
facturers, including  the  Thomson-Houston ,  if  the 
writer  remembers  rightly,  was  as  shown  in  Fig.  8-&. 
This  was  apparently  a  fairly  satisfactory  construction 
in  the  early  days,  but  was  abandoned  later  by  practic- 
ally everybody,  in  favor  of  the  V  construction  When 
built-up  mica  insulating  bushing  came  into  use  for  in- 
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FIG.    8 — TYPES    OF    COMMUT.\TOR    B.^R    CONSTRUCTION 

sulating  the  commutator  bars  from  their  supports,  ap- 
parently the  V-ring  construction  was  simpler  as  re- 
gards mica  bushings  than  any  other  construction,  and 
this  may  have  been  enough  to  turn  the  manufacture 
toward  this  one  construction 

In  the  early  days,  there  was  a  great  variety  of 
methods  of  attaching  the  armature  windings  to  the 
commutator  In  some  cases,  the  commutator  was  made 
without  "necks''  in  the  modern  sense  of  the  word,  the 
windings  being  carried  directly  to  the  commutator  face 
and  attached  thereto  by  solder  or  screws  When  rail- 
way generators  began  to  come  in,  the  Westinghouse 
Company  used  comparatively  long  necks  to  which  the 
armature  conductors  were  attached  by  means  of  slots 
in  the  end  of  the  necks  in  which  the  conductors  were 
laid  and  then  soldered  In  some  cases,  these  necks 
fitted  tightly  against  each  other  with  mica  between,  as 
between  commutator  bars  as  in  Fig.  9-^.  In  other 
cases,  especially  where  the  commutator  bars  were  com- 


quently  made  of  flexible  material,  and  were  usually 
insulated  throughout  their  length  in  consequence.  With 
the  built-up  type  of  strap  winding  used  on  these  early 
machines,  as  has  already  been  described,  presumably 
these  flexible  commutator  necks  were  of  material  ad- 
vantage in  winding  and  connecting.  In  many  cases, 
these  necks  were  attached  to  small  brass  or  copper 
blocks  or  terminals,  of  rectangular  shape  which,  in 
turn,  were  attached  to  the  commutator  bars  by  means 
of  screws  so  that  they  could  be  disconnected,  if  de- 
sired. Fig.  9  c  and  d.  Eventually  the  rigid  neck  con- 
struction came  into  general  use. 

Material — There  was  quite  a  variety  of  materials 
tried  out  in  the  earlier  commutators.  For  the  bars, 
copper,  either  drawn  or  rolled,  has  been  used  from  al- 
most the  earliest  times,  but  many  attempts  have  been 
made  to  get  away  from  this  material,  largely  on  ac- 
count of  the  expense.  Various  brasses  and  bronzes, 
and  even  cast  copper,  have  been  used  quite  extensively, 
and  not  entirely  on  account  of  lower  cost,  for  some 
of  these  were  about  as  expensive  as  drawn  copper.  One 
idea  was  that  the  rapid  "wear"  of  copper  commu- 
tators which  was  sometimes  encountered,  was  due  to 
the  softness  of  the  material  and  that,  therefore,  some 
much  harder  kind  of  material  would  give  less  wear. 
Of  course,  it  was  not  known  then  that  the  rapid  wear 
in  those  cases  was  not  true  frictional  wear,  but  was 
due  to  burning  under  the  brushes,  to  high  and  hard 
mica,  etc.  This  wear  was  a  principal  reason  for  using 
the  various  brasses  and  bronzes.  After  long  trials  of 
each  of  these  materials,  the  conclusion  was  usually 
reached  that  the  average  results  were  no  better  than 
with  copper.  In  some  of  the  early  Westinghouse  ex- 
perience, cast  segments  were  used,  with  apparently 
good  results.  However,  in  the  larger  bars,  blow-holes 
were  liable  to  be  found  near  the  center  of  the  bar. 
This   was   taken   up   with   the  manufacturer  of   these 
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paratively  wide,  thin  separate  necks  with  air  spaces 
between  them  were  used.  Fig.  9-a.  Usually  these 
necks  were  made  of  copper  strap,  riveted  or  soldered 
to  the  end  of  the  bars.  In  other  cases,  the  neck  and 
bar  was  sawed  out  of  one  piece.  The  open  neck  was 
most  common  in  the  larger  Westinghouse  generators. 
In  practically  all  cases,  these  necks  were  made  so  stiff 
that  they  were  self-supporting  and  required  no  insu- 
lation between  them. 

In    the    Thomson-Houston    and    early    General 
Electric  large  railway  generators,  these  necks  were  fre- 


bars,  but  the  trouble  was  not  entirely  overcome. 

One  rather  amusing  case  of  trouble  came  within 
the  writer's  experience  in  connection  with  one  of  these 
early  cast  copper  commutators.  This  was  a  fairly 
large  capacity,  low  voltage  belted  machine,  with  very 
thick  commutator  bars.  The  commutator  ran  very  hot 
in  the  early  service,  due  largely  to  brushholder 
troubles,  and  the  writer  was  surprised  to  find  solder 
was  being  thrown  over  everything  in  the  neighborhood. 
He  looked  the  commutator  necks  over,  but  could  not 
find  that  any  solder    was    missing    at    these    points. 


I70 


THE  ELECTRIC  JOURNAL 


Throwing  of  solder  still  continued,  and  in  compara- 
tively large  quantities.  Then  the  man  who  had  charge 
of  the  building  of  the  commutator  was  questioned,  and 
he  asked,  innocently  enough,  whether  this  could  have 
resulted  from  filling  blow-holes  in  the  conunutator 
bars  with  solder.  Jle  then  explained  that  the  heavy 
cast  bars  had  developed  so  many  and  such  large  blow- 
holes some  distance  below  the  wearing  surface  that  he 
had  thought  it  best  to  fill  them  up  with  solder.  It  may 
be  added  that  eventually,  this  commutator  ran  all  right, 
either  due  to  lower  temperature  or  to  the  escape  of  all 
the  solder  that  could  find  an  outlet. 

As  the  mica  and  brushholder  troubles  were  gradu- 
ally eliminated,  it  became  much  better  recognized  that 
pure  copper  rolled,  drawn  or  hammered — was  about 
the  best  possible  material  for  commutator  purposes.  It 
took  time  and  additional  experience  to  prove  that  this 
was  the  best  polishing  material.  Various  tests  were 
made  with  iron,  aluminum  and  other  materials,  in 
comparison  with  copper,  and  it  was  found  that  copper 
polished  best  of  all  practicable  materials,  under  heavy 
load  conditions.  It  was  found  that  other  materials 
under  sparking  conditions  developed  minute  globules 
or  "beads"  on  the  commutator  face,  and  these  beads 
were  liable  to  be  very  hard  in  some  cases,  so  that  they 
destroyed  the  brush  polish,  and  also  prevented  the 
commutator  face  from  polishing.  The  conclusion 
drawn  eventually  was  that  the  copper  was  so  much 
better  a  conductor  of  heat  that  these  tiny  metal  beads 
would  not  be  formed,  as  the  heat  would  be  conducted 
away  too  rapidly.  Iron  was  particularly  bad  in  this 
regard.  Since  the  good  characteristics  of  copper  have 
been  more  thoroughly  recognized,  this  material  has 
been  used  almost  exclusively. 

With  the  exception  of  the  bars,  about  the  only 
materials  which  need  be  considered  are  the  insulation 
and  the  supporting  rings.  In  the  early  days,  the  sup- 
porting insulation,  under  the  metal  clamps,  was  made 
of  almost  any  kind  of  sheet-insulating  material,  such 
as  paper,  fiber,  oiled  canvas,  or  sheet  mica.  When 
built-uj)  and  moulded  mica  came  into  use,  this  was 
quickly  adapted  to  commutator  purposes,  and  is  still 
standard  practice. 

One  of  the  most  serious  problems  in  commutator 
insulation,  in  general,  has  been  that  of  keeping  out  oil. 
Where  oil  could  creep  into  the  commutator,  it  was 
very  liable  to  carry  copper  and  carbon  dust  with  it, 
and  incipient  short-circuits  or  arcs  sometimes  resulted 
which  developed  into  more  serious  trouble.  One  of 
the  great  problems  has  been  to  obtain  "tight"  commu- 
tators. Modern  practice  seems  to  be  pretty  successful 
in  this.  In  the  question  of  tight  commutators,  there 
has  long  been  two  schools,  (or  two  sets  of  advocates), 
one  favoring  the  so-called  "arch-bound"  construction 
and  the  other  the  "drum-bound."  These  terms  prac- 
tically define  themselves.  In  the  arch-bound  construc- 
tion the  commutator  is  drawn  down  until  the  circum- 
ferential pressure  is  the  limiting  resistance.  In  the 
drum-bound,  the  commutator  is  drawn  down  until  it 


binds  upon  a  central  drum  or  support  which  is  the 
comnuUatcjr  bush.  One  advantage  claimed  for  the 
drum-bound  construction  is  that  the  commutator  is  af- 
fected less  by  temperature,  as  the  circumferential  pres- 
sure is  not  a  controlling  condition.  Moreover,  it  is 
claimed  that  it  is  easier  to  assemble  such  a  commuta- 
tor. Against  this,  the  claim  for  arch-bound  is  that 
tightness  is  the  most  essential  characteristic  in  commu- 
tators, as  his  experience  with  pitting,  (dealt  with 
gives  greater  tightness  than  the  drum-bound.  For 
many  years  he  writer  has  favored  very  tight  commu- 
tators, as  his  experience  with  pitting,  (dealt  with 
under  the  subject  of  mica)  indicated  that  tightness  is 
a  paramount  condition.  At  the  present  time,  the  so- 
called  \'-bound  construction  which  might  be  con- 
sidered as  intermediate  between  the  arch  and  drum- 
bound  constructions,  seems  to  be  the  most  satisfactory, 
in  general. 

It  is  not  necessary  to  say  much  about  the  support- 
ing rings  for  commutators.  On  the  early  machines, 
these  were  frequently  made  of  cast  iron.  When  engine- 
type  machines  came  in,  the  supporting  rings  were 
usually  made  segmental  as  they  had  to  be  split  to  get 
them  over  the  shaft,  the  low  commutator  speeds  al- 
lowing segmental  construction  without  danger.  How- 
ever, as  higher  speed  machines  began  to  come  in,  such 
as  rotary  converters  and  motor-generators,  solid  sup- 
[lorting  rings  of  cast  steel  or  wrought  iron  came  into 
very  general  use.  This  was  not  due  altogether  to  the 
higher  speeds,  but  was  partly  due  to  the  necessities 
for  making  tighter  commutators  than  formerly,  which 
necessitated  stronger  materials  in  the  supporting 
rings. 

Wearing  Dcf'tli  of  Commutators — Practice  has 
changed  greatly  in  this  feature,  especially  in  recent 
years,  due  partlv  to  improvements  in  design,  and  part- 
ly to  a  recognition  of  consistency  in  proportions.  On 
very  early  generators  and  moiors,  the  wearing  depth 
of  commutators  was,  rightly,  very  large.  As  commu- 
tators "wore"  rapidly,  due  to  high  mica,  poor  commu- 
tatif«ii,  etc.,  they  had  to  be  sandpapered  or  turned  down 
rather  frequently.  A  good  part  of  the  commutator 
was  thus  wasted.  But  when  engine-type  generators 
came,  with  their  much  better  commutating  character- 
istics, the  great  wearing  depth  was  retained  in  general, 
apparently  largely  for  traditional  reasons.  Some  of 
these  engine-type  generators  did  not  require  even  sand- 
papering once  in  two  years,  and  yet  any  proposed  re- 
duction in  wearing  depth  was  looked  at  askance. 

To  illustrate  the  above,  the  following  incident  is 
cited: — The  writer  broached  the  subject  of  commu- 
tator wear  with  the  engineer  of  a  large  railway  system, 
in  which  2-Y2  in.  wearing  depth  of  commutators  was 
standard  practice  with  his  larger  commutators.  He 
was  asked  how  much  the  large  commutators  had  worn 
down  in  the  previous  nine  years,  of  pretty  steady 
operation.  The  answer  was,  "About  one-sixty-fourth 
of  an  inch."  "Then,  at  that  rate,  how  long  will  your 
commutator  last?"  After  a  little  figuring, — "About 
1  500  years."    "And  how  long  will  the  rest  of  the  ma- 
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chine  last?"  After  a  little  thought, — "Not  over  50 
years  at  most."  By  actual  iigures,  a  3/32  in.  wearing 
depth  in  this  case,  corresponding  to  50  year's  life, 
would  have  been  an  absurdity  of  the  opposite  extreme. 
But  a  factor  of  safety  of  ten  would  have  given  a  total 
available  wearing  depth  of  one  inch,  while  the  commu- 
tators actually  had  2-3^  times  this.  The  extra  material 
is  thus  useless  during  the  actual  life  of  these  machines. 
As  the  inconsistency  of  abnormal  wearing  depths, 
usually  specified  for  commutators,  became  better  real- 
ized, they  were  gradually  decreased.  This,  of  course, 
had  to  be  recognized  by  the  users  of  such  apparatus, 
as  well  as  the  manufacturers.  With  the  advent  of  the 
commutating-pole  machines,  with  their  better  commu- 
tating  characteristics,  the  wearing  depth  of  commuta- 
tors has  been  reduced  to  a  fairly  reasonable  amount, 
still  allowing  a  wide  factor  of  safety.  It  is  somewhat 
saddening  to  think  of  the  thousands  of  tons  of  copper 
tied  up  uselessly  in  abnormal  commutator  proportions, 
but  then  one  has  only  to  look  in  various  other  direc- 
tions to  see  what  possibly  may  be  similar  extrava- 
gances some  of  which  are  in  full  force  at  the  present 
day,  especially  in  methods  of  rating  and  applying 
electrical  apparatus. 

TEMPERATURE  AND  VENTILATION 

One  important  general  subject  has  not  yet  been 
touched  upon  very  fully,  namely,  that  of  temperature, 
together  with  the  related  subject  of  ventilation.     In 
the  early  days,  all  electric  machinery  ran  hot  and  the 
manufacturers,  as  a  rule,  knew  why  the  apparatus  ran 
hot,  but  did  not  know  just  how  to  remedy  the  case. 
Armature  cores  were  ventilated  to  a  limited  extent,  but 
the  windings  were  very  poorly  ventilated.     The  tem- 
perature of  the  windings  was  high  (how  high  nobody 
knew  or  appreciated)  but  as  no  one  had  any  particular 
experience  with  lower  temperatures,  the  high  tempera- 
tures were  taken  as  a  matter  of  course.    This  was  par- 
ticularly true  of  some  of  the  early  railway  generators. 
On  continuous  full-load  run,    some    of    these    would 
reach  125  degrees  C.  by  thermometer,  but  as  railway 
load  in  those  days  was  far  from  continuous,  this  ap- 
parently did  not  make  any  difference.     A  rise  of  60 
to  75  degrees  C.  was  considered  fairly  good  on  con- 
tinuous  temperature  test.     However,   it  was   decided 
about  1892  that  some  lower  standard,  such  as  40  de- 
grees rise,  should  be  adopted.     When  this  went  into 
effect  in  the  Westinghouse  testing  room,  some  very 
amusing  incidents  occurred.  The  testing  room  men  who 
had  been  accustomed  to  rises  of  60  or  70  degrees  would 
be  much  worried  over  nominal  40  degree  machines 
which  actually  showed  42  to  45  degrees  rise,  as  they 
feared  the  machines  might  burn   up  on  test.     They 
seemed  to  accept  the  newly  set  40  degree  limit  as  an 
absolute  limit  of  safety,  regardless  of  past  experience. 
After  the  40  degree    limit    was    adopted,    it    has 
stayed  with  us  more  or  less  constantly  until  the  present 
time.     The   writer   does  not  know   where   this   exact 


limit  originated,  nor  who  was  back  of  it.    It  just  came 
and  stayed. 

In  those  early  days  temperature  measurements 
could  be  made  by  thermometer  about  as  accurately  as 
at  the  present  time,  but  people  did  not  know  how  to 
hunt  for  hot  spots  and,  in  consequence,  were  liable  to 
put  the  thermometer  on  the  coldest  part  of  the  wind- 
ing, and  then  wonder  why  such  a  cool  machine  (60 
to  70  degrees  C.  rise)  should  burn  out  so  readily. 
But  what  they  did  measure,  they  aimed  to  measure 
carefully. 

In  those  days  all  temperatures  were  measured 
after  shut  down  of  test,  and  usually  by  covering  the 
thermometer  bulb  with  a  great  wad  of  cotton  waste. 
But  the  thermometers  used  were  not  particularly  ac- 
curate, and  variations  of  five  degrees  or  more  between 
dilTerent  thermometers  tested  at  the  same  air  tem- 
perature were  found  by  the  writer  in  a  number  of 
cases. 

In  this  early  work,  some  almost  unbelievable  inci- 
dents occurred.  For  instance,  one  of  the  routine  test- 
ing men  one  day  announced  to  the  writer  that  he  had 
found  a  method  of  cutting  the  temperatures  of  railway 
motors  (old  double  reduction  surface-wound  arma- 
tures) to  about  one-half.  He  claimed  he  had  accom- 
plished this  repeatedly  and  was  sure  of  his  results. 
As  this  appeared  to  be  a  very  valuable  idea,  he  was 
urged  to  divulge  his  method.  After  a  good  deal  of 
coaxing,  he  stated  that  he  had  attained  this  result  by 
leaving  the  waste  off  the  thermometer  while  taking  the 
temperatures.  This  was  a  case  of  absolute  faith  in 
what  the  thermometer  said.  A  little  explanation  of 
the  functions  of  the  covering  pad  of  waste,  and  of  the 
principles  of  temperature  measurement,  soon  put  this 
man  in  the  right. 

As  soon  as  the  necessity  for  lower  temperatures 
was  recognized,  the  problem  of  ventilation  became  very 
active.  Armature  windings  were  arranged  for  more 
or  less  effective  air  circulation,  and  special  ventilating 
ducts  were  placed  in  the  armature  cores  at  intervals. 
The  writer  does  not  know  who  first  introduced  venti- 
lating ducts  in  the  armature  cores,  but  they  did  not 
originate  in  the  Westinghouse  Company.  With  the 
surface-wound  armatures,  of  course,  there  was  little 
or  no  occasion  for  radial  ventilating  ducts,  as  the 
armature  surface  was  pretty  thoroughly  covered  up. 
Openings  or  holes  parallel  to  the  shaft  were,  however, 
rather  common  in  surface-wound  armatures  for  al- 
ternators, but  in  direct-current  machines,  except  of 
the  ring  type,  even  such  ventilation  was  usually  im- 
practicable. However,  with  the  advent  of  the  multi- 
polar railway  generators,  with  the  drum  armature 
windings  and  slotted  armature  cores,  there  was  an 
opportunity  to  use  radial  ventilating  ducts  efifectively, 
and  they  soon  came  into  general  use.  The  Thomson- 
Houston  Company  preceded  the  Westinghouse  Com- 
pany in  the  use  of  such  ducts,  according  to  the  writer's 
memory.     However,  by  the  time  that  engine-type  rail- 
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way  generators  had  practically  monopolized  the  field, 
radial  ventilating  ducts  in  armature  cores  were  stand- 
ard practice  with  practically  everybody,  and  this  is 
standard  construction  at  the  present  time.  Many 
varieties  and  constructions  of  ventilating  ducts  have 
been  devised  and  tried  out.  About  the  only  important 
departure  from  this  construction  has  been  in  armatures 
equipped  with  ventilating  fans  at  one  end  in  which  the 
air  is  drawn  axially  through  the  armature  instead  of 
radially.  This  has  been  used  mostly  on  recent  railway 
motors,  and  on  certain  lines  of  industrial  motors. 

The  ventilation  of  direct-current  armature  wind- 
ings has  varied  much,  depending  upon  other  controll- 
ing conditions.  For  instance,  the  end  windings  of 
railway  motors  w^ere  formerly  much  better  ventilated 
than  at  present,  and  with  very  beneficial  results  as  re- 
gards temperature.  However,  the  railway  motor,  be- 
ing an  enclosed  machine,  circulated  its  own  dirt 
(carbon  and  copper  dust,)  to  such  an  extent  that  the 
windings,  especially  back  of  the  commutator,  would 
become  so  coated  that  surface  leakage  became  serious. 
To  overcome  this,  practice  gradually  tended  toward 
unventilated  end  windings,  that  is,  they  were  so  com- 
pletely boxed  in  that  the  dust  trouble  was  pretty  thor- 
oughly eliminated.  But  the  railway  motor  may  be 
considered  as  an  exceptional  case,  due  to  its  normal 
inaccessibility  for  cleaning,  and  the  tendency  in  other 
classes  of  machines  has  been  toward  better  ventila- 
tion, rather  than  the  reverse. 

In  commutators,  the  subjects  of  temperature  and 
ventilation  have  always  been  with  us,  and  probably 
are  destined  to  stay  with  us  as  long  as  the  business 
lasts.  Primarily,  the  reason  for  this  is  that  the  com- 
mutator, in  large  machines,  is  so  costly  and  sometimes 
so  difficult  to  construct,  that  the  natural  tendency  is 
toward  crowding  it  down  in  dimensions,  with  a  re- 
sulting tendency  to  increase  the  temperature.  Thus 
the  battle  between  size  and  temperature  is  always  on. 

In  the  very  early  railway  commutators,  in  belted 
type  machines,  the  temperature  of  the  commutator, 
like  all  the  rest  of  the  machine,  was  usually  fairly 
high.  However,  these  early  commutators  were  not 
very  large,  so  that  expansion  troubles  were  not  very 
serious.  After  the  multipolar  generators  came  in,  it 
was  soon  found  that  long  commutator  necks,  with  air 
spaces  between  them.  Fig.  9-a,  were  quite  effective  in 
cooling  the  commutator.  The  writer  had  this  im- 
pressed upon  him  particularly  in  connection  with  an 
early  direct-connected  railway  generator  in  which  the 
necks  and  mica  were  solid  clear  up  to  the  outer  peri- 
phery where  the  winding  joined  the  commutator,  Fig. 
9-c.     The  speed  of  the  armature  was  only  140  r.p.m., 


and  the  diameter  of  the  commutator  was  small,  so  that 
the  ventilation  was  comparatively  poor.  This  commu- 
tator ran  very  hot  on  test.  It  was  concluded  that  the 
solid  necks  had  much  to  do  with  this,  as  these  did  not 
permit  the  usual  heat  dissipation  which  probably  oc- 
curred with  open  necks.  The  writer  then  had  long 
radial  slots  milled  in  the  center  of  the  bars,  as  shown 
in  Fig.  9-a.  This  set  up  a  slight  air  draft  across  the 
commutator.  The  reduction  in  temperature  was  so 
pronounced  that  the  writer  became  a  thorough  con- 
vert to  the  use  of  ventilated  necks,  and  he  adhered  to 
such  construction  as  far  as  possible  on  all  large  com- 
mutators thereafter.  However,  when  engine-type  gen- 
erators came  in,  the  commutators  were  usually  made 
so  large,  compared  with  belted  machines,  that  the  tem- 
perature problem  practically  disappeared  as  far  as 
commutators  were  concerned.  However,  when  rotary 
converters  and  motor-generators  became  the  prevailing 
practice,  with  the  general  introduction  of  the  polyphase 
system  in  railway  and  central  station  work,  this  prob- 
lem of  temperature  again  became  active,  and  has  be- 
come more  important  as  the  speeds  and  outputs  have 
increased,  so  that  today  the  problem  is  a  "real  live" 
one.  In  modern  commutators,  auxiliary  "necks"  or 
ventilating  vanes  are  sometimes  attached  to  the  outer 
ends  of  the  commutator  bars,  or  ends  farthest  from 
the  winding.  Like  the  open  commutator  necks,  these 
are  quite  effective  in  dissipating  the  commutator  heat. 

Various  rules  have  been  developed  from  time  to 
time  for  determining  the  size  of  commutator  required 
for  a  given  current,  without  overheating.  However, 
all  such  rules  have  proven  to  be  only  crudely  ap- 
proximate, for  the  heating  is  dependent  upon  the 
commutation  and  friction  losses,  which  are  extremely 
variable  in  different  types  and  sizes  of  apparatus.  The 
modern  commutating-pole  construction  of  machine, 
which  furnishes  a  means  for  partially  controlling  the 
commutation  losses,  has  been  a  great  help  in  the  com- 
mutator heating  problem.  This,  however,  has  simply 
allowed  higher  speeds  with  correspondingly  smaller 
diameters  of  commutator  for  a  given  output,  and  thus 
the  battle  between  size  and  temperature  goes  on. 

In  the  modern  high-speed  motor-generators,  prob- 
ably the  ventilation  has  been  carried  farther  than  in 
any  other  class  of  direct-current  apparatus  In  the 
modern  machine,  two  fundamental  conditions  in  the 
problem  of  ventilation  arc  recognized,  namely  supply- 
ing a  sufficient  quantity  of  air  to  carry  away  the  heat, 
and  so  distributing  this  air  that  it  can  take  up  the  heat 
with  the  least  temperature  drop  in  the  various  parts  of 
the  machine.  The  whole  modern  theory  of  ventila- 
tion is  built  up  upon  these  two  conditions. 


{To    be   Continued) 
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Engimeerkng  Notes 

Conducted  by  R.  H.  Willakd 

Percent  Reactance 

Recently  reactance  coils  have  come  into  use  for  protect- 
ing large  power  systems.  These  reactance  coils  are  spoken 
of  as  having  a  certain  percent  reactance.  The  percent  re- 
actance of  a  coil  is  the  ratio  (expressed  in  percent)  of  the 
voltage  drop  across  it  when  full-load  current  flows,  to  the 
voltage  of  the  system.  Thus  if  full-load  current  is  loo 
amperes  on  a  loooo  volt  single-phase  system  or  on  a  three- 
phase  system  with  lo  coo  volts  to  neutral,  the  drop  across  a 
coil  having  a  reactance  of  five  ohms  will  be  100x5^500 
volts,  and  the  percent  reactance  of  the  coil  will  be  100x500 
-T-  10  000,  or  5.  Or,  if  the  full-load  current  is  100  amperes  on 
a  three-phase  system  with  10  000  volts  beitween  phases,  then 
the  percent  reactance  of  a  coil  having  a  reactance  of  five 
500 


ohms  will    be    loox 


-or   8.66.     The     short-circuit 
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current  which  will  flow  is  100.  divided  by  (the  percent  re- 
actance of  the  coil  plus  the  percent  reactance  of  the  genera- 
tor) times  full-load  current;  in  the  above  case,  if  the  genera- 
tor reactance  is  also  five  percent  the  short-circuit  current 
will  be  ten  times  full-load  current.  On  short-circuit  the 
reactance  will  in  this  case  have  one-half  the  no-load  voltage 
impressed  across  it. 


Sparking  and  Flashing 

Occasionally  in  the  operation  of  direct-current  ma- 
chinery, the  machine  flashes  or  arcs  from  one  brushholder 
to  the  other  or  to  ground.  This  is  known  as  "flashing"  or 
"bucking  over"  and  may  have  various  causes,  of  which  the 
most  common  is  sudden  overload.  These  flashes,  if  severe, 
are  liable  to  burn  off  a  brush  arm  or  otherwise  disable  the 
machine.  They  must  not  be  confused  with  sparking  due  to 
poor  commutation,  although  a  machine  that  has  poor  com- 
mutation will  be  more  susceptible  to  flashing  than  one  with 
good  commutation,  other  things  being  equal. 

Flashing  is  caused  by  the  voltage  between  commutator 
bars  rising  to  a  value  high  enough  to  hold  an  arc.  Assume 
a  two  pole,  200  volt  machine  with  40  commutator  bars.  The 
number  of  bars  between  brushes  is  20  and  the  average  volts 
per  bar  is  100  -^  20  or  10.  If  the  field  were  absolutely  uni- 
form this  value  would  also  be  the  voltage  from  each  bar  to 
the  next  since  all  conductors  would  cut  the  same  flux  at  the 
same  .speed  and  generate  equal  e.m.f.'s ;  the  more  peaked  the 
field  form,  the  higher  the  maximum  volts  between  bars  where 
that  peak  occurs. 

Anything  that  tends  to  increase  the  maximum  voltage 
per  bar  or  to  decrease  the  resistance  between  bars  makes  the 
machine  more  liable  to  flash  over.  Thus  carbon  dust  -be- 
tween bars,  field  distortion  due  to  armature  reaction  especially 
on  sudden  overloads,  or  too  few  bars  between  brushes  all 
tend  to  flashing.  Since  less  voltage  is  required  to  maintain 
an  arc  than  to  start  it,  a  spark  caused  by  poor  commutation 
may  develop  into  an  arc  between  bars  and  start  a  flash-over 
if  the  motor  has  high  voltage  between  bars.  However,  a 
motor  may  be  designed  with  such  a  low  value  of  volts  per 
bar  that  no  amount  of  poor  commutation  or  overload  will 
make  it  flash,  while  another  motor  which  commutates  well 
may  have  high  maximum  volts  per  bar  and  flash  easily.  If 
a  machine  is  cut  off  the  line  quickly  while  under  load,  the 
energy   stored    in   the   armature   field   due   to   self-induction. 


must  discharge  somewhere.  Occasionally  this  causes  a  flash- 
over,  much  as  opening  a  field  switch  draws  a  big  arc  on  the 
switch  points. 

To  summarize  the  design  characteristics  that  make  a  mo- 
tor liable  to  flash  are:  (a)  anything  causing  poor  field  form, 
such  as,  wrong  pole  arc,  armature  strong  relative  to  field; 
(b)  anything  causing  armature  reaction  to  build  up  faster 
than  main  field;  (c)  poor  commutation;  (d)  number  of  bars 
too  small,  resulting  in  high  average  voltage  between  bars. 
The  operating  conditions  most  liable  to  cause  flashing  are: 
(a)  sudden  clianges  in  current  due  to  overloads  or  opening 
the  circuit  under  load;  (b)  poor  condition  of  commutator, 
rough  or  dirty.  See  article  on  "Flashing  in  Railway  Mo- 
tors" by  Mr.  J.  A.  Reeves  in  the  Journal  for  Oct.,  '13,  p. 
1042. 


Field  Ahead  of  Armature 

There  are  two  general  methods  of  connecting  railway 
motors  as  illustrated  in  Figs.  I  and  2.  If  the  field  is  con- 
nected ahead  of  the  armature  it  will  act  as  a  choke  coil  to 
protect  the  motor  in  case  of  lightning.  This  method  has  the 
disadvantage  that  in  case  the  motor  flashes  over  from  posi- 
tive  brush   to  ground,   the   armature   is   short-circuited    in   a 


very  strong  field.  The  motor  will  then  act  as  a  short- 
circuited  generator  and  cause  a  braking  acting  which  is  liable 
to  be  destructive  to  gears  and  shafts.  The  connection  shown 
in  Fig.  2  obviates  this  difficulty  since  the  field  is  not  energized 
from  the  line  when  the  motor  flashes  over.  It  has  the  added 
advantage  of  reducing  the  stress  between  field  coil  and  frame, 
since  it   is  connected  directly  to  ground. 


Effect  of  Line  Power-Factor  on  Motor 
Power-Factor 

An  induction  motor  with  a  power-factor  of  90  percent 
runs  on  a  line  which  supplies  lamps  in  addition  to  the  motor, 
the  resultant  power-factor  being  95  percent.  If  the  load  on 
the  line  is  changed  so  that  the  line  power-factor  is  reduced  to 
85  percent  what  will  the  motor  power-factor  be?  The  motor 
current  is  made  up  of  two  parts ;  one  furnishes  the  power 
to  supply  the  mechanical  output  and  losses;  the  other  com- 
ponent magnetizes  the  core.  The  first  component  represent- 
ing energy  consumption  is  in  phase  with  the  voltage,  the  sec- 
ond, which  merely  magnetizes  the  core,  represents  no  energy 
consumption  and  is,  therefore,  at  right  angles  to  the  voltage. 
It  is  this  magnetizing  current,  in  addition  to  magnetic  leakage 
in  the  motor,  that  causes  the  power-factor  to  differ  from 
unity.  From  the  above  it  will  be  seen  that  the  power-factor 
of  the  motor  is  determined  entirely  by  tlie  active  and  reactive 
currents  within  the  motor  and  is  not  affected  by  external  con- 
ditions, such  as  other  loads  upon  the  line. 


Our  subscribers  are  invited  to  use  this  department  as  a  means  of  securing  authentic  information  on  electrical  and  mechaojcal  subjects. 
Questions  concerning  general  engineering  theory  or  practice  and  questions  regarding  apparatus  or  materials  desired  for  particular  needs  will  be 
answered.     Speafic  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  cannot  be  supplied  through  this  department. 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  personal  reply  is  mailed  to  each  questioner 
as  soon  as  the  necessary  information  is  available,  however,  as  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reason- 
able length  of  time  should  be  allowed  before  enpecting  a  reply.     Care  should  be  used  to  furnish  all  data  needed  for  an  intelligent  answer. 


1181 — Small   Series   Motor — We   have 

a  one-tenth  horse-power  fan  motor, 
series  wound,  used  for  operating  a 
grinder.  The  commutator  segments 
are  three-sixteenths  of  an  inch  wide 
and  the  brushes  about  one-eiglith  inch 
thick.  The  power  of  the  motor  in- 
creases very  little  as  it  slows  down 
with  a  load.  If  I  wind  the  field  coils 
with  one  or  two  gages  heavier  wire 
and  the  same  number  of  turns,  will 
the  motor  give  more  power?  Will  I 
loose  any  in  tlie  speed  of  tlic  motor 
if  I  do  not  change  the  size  and  num- 
ber of  wires  on  the  armature  with  tlie 
above  change.  Are  the  brushes  too 
thin  for  power  purposes? 

J.  E.  L.  (PENNA.  1 

The  effect  of  rewindintr  the  field  coils 
of  a  scries  motor  with  the  same  num- 
ber of  turns  of  larger  size  wire  will 
be  to  increase  the  no  load  speed  slightly 
and  the  loaded  speed  to  a  greater  ex- 
tent. The  ma.ximum  torque  available 
will  be  increased.  Tlie  brushes  are 
probably  of  sufficient  cross  section  for 
tlie  purpose  desired,  but  as  only  one 
dimension  is  given  we  cannot  be  cer- 
tain, n.  H.  c. 

1182 — Testing  Polyphase  Watt-hour 
Meters — It  was  decided  to  test  cer- 
tain three-phase  watt-hour  metcr.■^  at 
very  low  power-factors.  To  doi  this 
the  meter  was  connected  in  series  with 
a  small  synchronous  motor,  no  instru- 
iment  transformers  being  used.  The 
meter  was  accurate  at  full  load,  unity 
power  factor.  On  decreasing  the  ex- 
citation on  the  motor  so  as  to  make  a 
lagging  power-factor  and  about  half 
full-load  current,  the  povircr-factor 
being  arivund  zero,  it  was  found  that 
the  meter  reversed  its  rotation.  Why 
is  this?  The  meter  connections  were 
carefully  clieckcd ;  also  tlie  meter  was 
registering  correctly  on  full  load  unity 
power- factor.  Four  different  types  of 
meters  were  used  and  all  gave  the 
same  results.  The  motor  was  a  three- 
phase,  220  volt  macliine. 

E.  v.  C.  (MANITOBA). 

To  test  a  polyphase  meter  on  zero 
power-factor,  it  is  necessary  to  have  a 
wattmeter  in  the  circuit  which  will  indi- 
cate the  zero  power- factor  conditions 
correctly.  We  assume  that  tlie  party 
making  the  test  could  not  tell  whether 
he  had  exactly  zero  power- factor  or  not. 
In  case  he  did  not  have  exactly  zero 
power-factor,  it  is  possible  for  the  me- 
ter to  run  backwards,  even  though  cor- 
rectly compensated,  under  tlic  right  con- 
ditions of  power-factor.  If  an  indicat- 
ing meter  showing  exactly  zero  power- 
factor  is  used,  the  watthour  meter  may 
run  forward  or  backward  on  zero 
power-factor  if  not  properly  compen- 
sated. Under  these  conditions,  the  me- 
ter will  still  show  correct  registration 
on   100  percent   power-factor.  w.  b. 

1 183 — Rotary  Converter  Operation — 
(a)  Are  the  voltage  ratios  of  com- 
mutating-pole    and    non-commutat- 


ing-pole  six-phase  rotary  convert- 
ers the  same?  (b)  Sliould  there 
be  any  trouble  in  the  parallel  opera- 
tion of  a  six-phase  commutating- 
pole  rotary  converter  and  a  three- 
phase  non-commutating-pole  con- 
verter of  the  same  direct-current 
voltage?  (c)  Would  it  be  safe  to 
connect  full  alternating  voltage  to 
a  300  kilowatt,  three-phase,  720 
r.p.m.,  600  volt  direct-current  con- 
verter after  it  has  attained  approxi- 
mately synchronous  speed  by 
niean.s  of  an  extcrna,l  motor,  the 
sliunt  field  being  opened  before 
starting?  If  not,  about  how  much 
reactance  would  be  necessary  to 
limit  the  current  to  a  safe  amount? 

L.    S.    B.    (OHIO). 

fa)  The  voltage  ratios  are  approxi- 
mately the  same  for  the  two  classes 
of  rotary  converters  at  no  load,  as 
the  voltage  ratio  at  no  load  is  de- 
pendent entirely  upon  the  field  form, 
or  distribution  of  flux  density  in  the 
air  gap.  and  the  armature  winding 
connection.  For  machines  of  the  two 
classes,  with  like  kilowatt  ratings, 
commutating  pole  units  usually  are 
designed  with  lower  impedance  drop 
in  the  armature.  This  tends  to  pro- 
duce slightly  lower  voltage  ratios  on 
tlie  commutating  pole  machines  with 
increase  of  load  (higher  direct-cur- 
rent voltage  for  the  same  alternating- 
voltage),  (b)  There  arc  so  many 
factors  entering  into  conditions 
governing  parallel  operation  of  ro- 
tary converters  that  we  can  only  say 
in  general  on  account  of  the  lower 
potential  drops  in  the  six-phase  ma- 
chine— due  partly  to  the  six-phase 
connection  and  partly  to  the  design 
proportion  referred  to  above  under 
"a"- — the  tendency  will  be  for  the 
commutating  pole  unit  to  take  more 
than  its  share  of  the  load,  other  con- 
ditions on  the  two  types  of  machines 
l)eing  the  same.  However,  by  suit- 
able adjustments  and  an  equalizer 
connection,' the  two  machines  can  be 
made  to  divide  the  load  satisfactorily, 
(c)  To  connect  full  alternating-volt- 
age across  the  slip  rings  after  the 
converter  has  reached  synchronous 
speed  with  the  s  hunt  field  circuit 
open  would  be  the  same  in  initial 
current  rush,  as  short  circuiting  the 
same  machine  when  generating  nor- 
mal voltage.  At  least  five  times  nor- 
mal current  would  flow,  which  would 
obviously  cause  sparking  on  the  com- 
mutator and  would  possibly  cause 
bucking.  If  reactance  is  inserted  in 
each  leg  to  limit  the  current  to  one 
or  two  times  normal  full  load  value 
this  should  not  damage  the  machine 
any.  It  would  be  advisable  to  have 
the  shunt  field  circuit  closed  before 
applying  the  alternating  voltage,  as 
the  shunt  field  of  the  converter  would 
then  always  have  the  correct  polarity. 
This  is  a  method  of  starting  and  self- 
synchronizing  that  has  been   used  in 


a  number  of  installations.  A  better 
method  is  to  so  wind  the  stator  of 
the  induction  motor  that  it  can  be 
connected  in  scries  with  the  rotary 
converter  armature.  The  starting 
motor  winding  then  becomes  in  effect 
a  current  limiting  reactance.      r.  h.  n. 

1 184— Shunt   Motor   Without    Field- 
When   a   small  sliuiU  wound   motor 
is   running   with    the   brushes   given 
a   moderate   angle   of   lag.   the   field 
disconnected,   leaving   the   armature 
in  circuit,  the  motor  runs  backward 
very    rapidly,    but    with    very    little 
power.     Giving  the  brushes  an  angle 
of  lead  causes  it  to  run  in  the  op- 
posite   direction,    and    placing    the 
brushes    exactly    between     the    poles 
stops       the       motor.         The       only 
reason    I    can    think   of   is    that   the 
"back    turns"    form    the    field    mag- 
netism,  since  the  direction  of  rota- 
tion changes  w'ith  a  change  of  the 
angle  of  lead  or  lag.         c.  s.  (ill.) 
The    explanation    advanced    is    cor- 
rect.     When     the     field    of     a    shunt 
wound  motor  is  disconnected  the  only 
magnetization  in  the  magnetic  circuit, 
except    residual,    is    that    due    to    the 
back   ampere    turns,    which    is   in    one 
direction  when  the  brushes  are  given 
a  forward  lead  and  in  the  reverse  di- 
rection   when    the    brushes    are   given 
a  backward  lead.     The  reason  for  the 
high   speed   and   the   small   amount   of 
power  is  that  the  amount  of  magnet- 
ization   secured    in    this   way   is    rela- 
tively small,   so  that   the   same   effect 
is  produced  as  when  the  brushes  are 
on   a   neutral   position   and   the   shunt 
field  is  greatly  weakened.     The  com- 
mutation  will   probably   be   very  bad. 
This   action    is   explained   fully   in   an 
article    on    ".'\rmature     Reaction"   by 
Mr.    R.   H.   Taber   in   the   Journal   for 
January  lOl.).  p.  6?.  c.  R.  R. 

1185 — Wattmeter    Connections  —  We 
are    operating    a    four    wire,    three- 
phase,  ten  ampere,  sixty  cycle,  poly- 
phase wattmeter,  volts  3.^000  delta, 
10  000     star;     current     transformer 
ratio.  2  to  i;  potential  transformer 
ratio,  175  to  I.    This  meter  is  served 
from    three    scries    transformers    of 
the   following   rating:   cycles,   25    to 
125;  amperes,  10  and  20:  ratio,  two 
or   four  to   one   for  45000  volt   cir- 
cuit. The  line  curernt  is  about  seven 
amperes.     Should   the   series   trans- 
formers be  connected   for   to  or  20 
amperes    to    secure    the    maximum 
accuracy    of   meter?     What    is    the 
transformer    ratio    when    the    coils 
are  connected   in   series   for   ten   am- 
peres? J. B.C.  (ill.) 
The     maximum     accuracy     of     the 
meter  will  be   secured   when   the   cur- 
rent is  as  nearly  as  possible  the  rated 
current   of   the   meter.      In    the   above 
case,     therefore,     the     current     trans- 
formed   should   be   connected    for   ten 
amperes.    The  ratio  will  then  be  ten  to 
five  amperes  or  two  to  one.  w.  b. 
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PERSONALS 

Mr.  K.  E.  Van  Kuran  has  been  ap- 
pointed manager  of  the  Los  Angeles 
district  office  of  the  Westinghouse 
Electric  &  Mfg.  Company,  succeeding 
Mr.  S.  J.  Keese,  who  will,  however, 
continue  to  act  in  an  advisory  ca- 
pacit)-. 

Mr.  Leonard  Work,  formerly  of 
the  service  department  of  the  West- 
inghouse Electric  &  Mfg.  Company, 
later  in  the  engineering  and  construc- 
tion department  of  the  Isthmian 
Canal  Commission  and  at  present 
electrical  engineer,  City  of  Philadel- 
phia, was  married  on  March  5  at  13 
Rue  Reflut,  Paris,  to  Mademoiselle 
Madeleine  Benard.  Mr.  and  Mrs. 
Work  will  make  their  home  at  104 
S.  Fifty-first  street.  Philadelphia.  Mr. 
Work  is  well  known  to  many  Journal 
readers  as  a  frequent  contributor. 


Mr.  F.  S.  Dellenbaugh,  Jr.,  for- 
merly designer  for  the  Crocker- 
Wheeler  Company,  and  more  recently 
engaged  in  industrial  motor  appli- 
cation work  for  the  Westinghouse 
Electric  &  Mfg.  Company  in  the  New 
York  office,  has  been  transferred  to 
the  East  Pittsburgh  works  of  the 
company  to  take  up  general  motor 
application  work. 


Mr.  F.  W.  Harris,  of  Los  Angeles, 
Cal.,  has  given  up  his  consulting  en- 
gineering practice  to  enter  the  firm 
of  Townsend,  Graham  &  Harris,  spe- 
cializing in  electrical  and  mechanical 
patent  litigation.  Mr.  Harris  was 
formerly  in  the  detail  engineering  de- 
partment of  the  Westinghouse  Elec- 
tric  &   Mfg.   Company. 


Mr.  H.  A.  Steen  has  been  appointed 
electrical  engineer  in  charge  of  the 
New  Jersey  Zinc  Company's  elec- 
trical equipment  in  Franklin  and 
Ogdensburg,  N.  J.  Mr.  Steen  has 
been  in  the  electrical  business  some 
14  years,  principally  in  designing 
work  with  the  Westinghouse  Electric 
&  Mfg.  Company,  the  Allis-Chalmers 
Mfg.  Company  and  the  Cutler-Ham- 
mer Mfg.   Company. 


Mr.  J.  L.  McK.  Yardley  has  left 
the  W'estinghouse  Electric  &  Mfg. 
Company  on  a  six  months'  leave  of 
absence  to  take  up  work  with  the 
British  Westinghouse  Electric  & 
Mfg.  Company  at  Manchester,  Eng- 
land, along  the  lines  on  which  he  has 
been  working  in  America,  viz., 
rotary   converters. 


Mr.  E.  W.  Phillips,  formerly  gen- 
eral manager  of  the  Kanden  Elec- 
trical Engineering  Company.  Amer- 
ican representative  of  the  Koerting 
&  Mathieson  Company  of  Germany, 
has  accepted  the  position  of  assistant 
manager  of  the  detail  and  supply  de- 
partment in  the  Westinghouse  Elec- 
tric &  Mfg.  Company's  Chicago  office. 


Mr.  S.  C.  Carrier,  of  the  East  Pitts- 
burgh works  of  the  Westinghouse 
Electric  &  Mfg.  Company,  has  re- 
cently been  transferred  to  the  New 
York  district  office. 


Mr.  Robert  E.  Day  has  recently 
entered  the  employ  of  the  Westing- 
house Electric  &  Mfg.  Company  in 
the  power  engineering  department. 
Mr.  Day  was  educated  at  Canton 
Zurich,  Switzerland,  and  was  em- 
ployed for  five  years  as  mechanical 
and  electrical  designer  with  the 
Brown-Boveri  Company  and  later  for 
two  years  was  electrical  designer 
with  the  Allegemeine  Electricitats 
Gesellschaft  and  more  recently  has 
been  for  nine  years  mechanical  and 
electrical  engineer  in  charge  of  al- 
ternating current  electrical  design 
work  at  the  San  Saxony  Works, 
Dresden. 


Mr.  \\'.  F.  Zimmerman,  formerly  of 
the  San  Francisco  office  of  the  West- 
inghouse Electric  &  Mfg.  Company, 
is  now  with  the  Railway  and  Manu- 
facturers' Supply  Company  of  San 
Francisco. 


Among  the  graduate  students  of 
the  W'estinghouse  Electric  &  Mfg. 
Company  who  have  recently  com- 
pleted the  course  and  taken  perma- 
nent positions  are:  Mr.  W.  L.  More- 
head,  who  will  be  with  the  company 
at  the  Pittsburgh  office,  and  Mr.  H. 
E.  Parsons,  who  is  now  located  in 
the   Baltimore   office. 


JAMES  J.  HILL  ON  ••ELECTRICITV 

Mr.  James  J.  Hill  has  written  an 
interesting  contribution  entitled 
"Electricity,  the  Most  Adaptable 
Physical  Force,"  which  appeared  in 
the  February  1915  issue  of  "The 
Northwestern  Buzzer,"  the  organ  of 
the  Northwestern  Electric  Equip- 
ment Co..  St.  Paul,  Minn.  The  ar- 
ticle is  accompanied  by  a  recent 
autograph  photograph  of  Mr.  Hill. 
As  is  usual  with  him,  Mr.  Hill  calls 
attention  to  the  great  future  of  the 
Northwest  and  the  great  possibilities 
for  the  utilization  of  electric  power 
in  that  territory. 


ANNUAL  ELECTION   UNION 
SWITCH  &   SIGNAL  CO. 

At  the  annual  meeting  of  the 
stockholders  of  the  Union  Switch  & 
Signal  Company,  held  March  9  in 
the  Westinghouse  building.  Pitts- 
burgh, Pa.,  the  following  directors 
were  elected:  J.  D.  Gallery,  J.  J.  Don- 
nell,  William  McConway,  J.  R.  Mc- 
Cune,  J.  R.  McGinley,  M.  'S.  Rosen- 
wald,  T.  W.  Siemon,  W.  D.  Upte- 
grafif  and  H.  H.  Westinghouse.  The 
newly-elected  directors  later  chose  the 
following  officers  for  the  ensuing  year: 
president,  Mr.  Uptegraff:  vice  presi- 
dent and  .treasurer.  Mr.  Siemon;  sec- 
retary and  assistant  treasurer, 
Thomas  S.  Grubbs;  assistant  secre- 
tary, G.  F.  White.  The  new  execu- 
tive committee  is  composed  of 
Messrs.  Gallery,  Donnell,  McCune, 
Siemon  and  Uptegraflf. 


The  Electric  Controller  &  Mfg. 
Company,  Cleveland,  C,  announces 
that  tlie  O.  H.  Davidson  Equipment 
Company,  Ideal  building,  Denver, 
Col.,  will  act  as  its  representative  in 
Colorado,  Utah,  Montana.  Wyoming, 
South  Dakota,  New  Mexico  and  Ari- 
zona. 


NEW  BOOKS 

"Elementary     Electricity     for      Mag- 
netism"— W'illiam    F.    Franklin    and 
Berry     MacNutt.       174    pages,     152 
illustrations.        Published      by      the 
Macmillan   Company.     For   sale   by 
The   Electric  Journal.     Price,  $1.25. 
One    is   apt    to   wonder    how   there 
can    be    any   excuse    for    another    ele- 
mentary   treatise    on    electricity    and 
magnetism.      The    present    book   will, 
however,  undoubtedly  find  a  place  as 
a  book  of  instruction  for  students  and 
others  desiring  information  as  to  the 
elements   of  electricity.     The  authors 
of    this    book    have    had    considerable 
experience   in   text   book  writing   and 
have     produced     a     work     decidedly 
worth     while.       Problems     for     class 
room  work  are  included  at  the  chap- 
ter  ends,   along  with   answers. 


WPW)mS  LIBRARY  OF 

ELECTRICITY 

In  6  Leather    t|    Pocket  Books 
Price      Der.     I      Volume 


Here  is  a  .set  of  books  that  no  man  in  the 
EI-ECTRICAL  FIELD  should  do  without. 
This  is  the  ELECTRICAL  AGE  in  which  we 
live;  ELECTRICITY  now  controls  more  trades, 
directs  more  men,  offers  more  opportunities  than 
any  other  power  that  man  has  yet  discovered. 
Do  vou  wish  to  know  the  underlvinsr  principles 
of  jioDEli.VELECTRKWL  PRACTICE? 

If  so.  HAWKINS  ELECTRICAL  GUIDES  will  give 
you  the  information.  In  reality  they  are  a 
school  within  themselves,  containing  a  complete 
study  course  with  QUESTIONS.  ANSWERS 
AND  ILLU.STR.\TIONS,  written  in  plain 
everyday  language  so  that  a  practical  man  can 
understand  the  '-HOW,  WHEN  AND  WHY" 
OF  ELECTRICITY. 


"THAT'S  JUST  WHAT  I  NEED" 

They  are  bandsomely  bound  in  flexible  black 
leather  with  pold  ediies  and  will  readilv  po  in  tho 
pocket.  THKY  ARE  NOT  ONLY  THE  BEST, 
BUT  THE  CHEAPEST  WORKS  PUBLISHED 
ON  ELECTRICITY. 

Each  book  is  complete  in  itself  and  will  be 
supplied  $1.00  ppr  copy,  but  we  believe  that  the 
complete  set  is  the  best  bargain. 

The  books  can  speak  for  themselves  and  a 
careful  examination,  pa-re  by  page,  and  illustration 
by  illustration,  will  convince  you  of  their  big 
value. 

If  you  will  fill  out  the  following  coupon  giWng 
all  the  information  rcQuested,  WE  WILL 
SUBMIT  TH  E  S  I  X  V  O  L  U  M  E  S  F  O  R 
EXAMINATION  ON  CONDITIONS  NAMED 


FREE  EXAMINATION  OFFER 


Theo.  Audel  &  Co.,  72  5th  Ave.,  New  York 

Please  submit  me  for  examination  HAWKINS 
ELECTRICAL  GUIDES  (Price  SI  each.) 

Ship  at  once,  prepaid  the  6  numbers;  if 
satisfactory  I  agree  to  send  you  SI  within  seven 
days  and  to  further  mail  you  SI  each  month 
until  paid. 

Signature 

Occupation 

Business  Address 

Residence 

Reference E.  J.     4-15 
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Inertia 


( What  it  Means  in  Railroad  Engineering) 


Inertia  is  the  tendency  of  a  body  at  rest  to  remain 
at  rest;  or  of  a  body  in  motion  to  continue  in  motion. 

The  Inertia  of  any  moving  train  can  be  indicated  in 
terms  of  energy,  which  is  equal  to  one-half  the  mass 
multiplied  by  the  square  of  the  velocity,  and  usually 
expressed  in  foot  pounds. 

If  a  modern  six  car  passenger  train  weighs  1,500,000 
pounds  and  attains  a  speed  of  60  miles  per  hour,  it 
has  accumulated  over  one  hundred  and  eighty  million 
foot  pounds  of  energy  tending  to  keep  that  train  in 
motion. 

Inertia  is  what  the  Air  Brake  is  up  against.  The 
control  of  Inertia  or  the  Energy  of  moving  trains  was 
a  man's  job  in  1870,  when  air  brakes  were  first 
applied.  Today — 45  years  later — this  problem — with 
Transportation  itself — hasgrown  to  giant  proportions. 

What  is  the  answer? 

Modern  Brakes  control  Modern  Trains  more  perfect- 
ly and  with  greater  safety  and  economy  than  ever 
before  in  the  History  of  the  Art. 

If  Necessity  is  the  Mother  of  Invention,  then  Inertia 
is  the  Father  of  the  Air  Brake. 


Suggested  by   the 

Westinghouse  Traction    Brake    Company 

WORKS:  WILMERDING,  PENNSYLVANIA 

PITTSBURGH:  Westinghouse  Building  NEW  YORK:   City  Investing  Building 

CHICAGO:  Railway  Exchange  Building  ST.   LOUIS:    Security  Building 
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The   modern   power   salesman   com- 
The  Modern      bines  the  desirable  qualities  of  the 
Power  engineer  and  the  salesman.     It  is  his 

Salesman  dut}-  to  inform  power  users  as  to  the 
economies  and  advantages  obtain- 
able through  the  adoption  of  electric  drive  and  power 
distributed  from  a  central  source.  More  and  more 
this  work  is  falling  upon  the  higher  class  of  tech- 
nically trained  men.  The  scope  of  the  field  is  almost 
unlimited  and,  being  by  no  means  overcrowded,  it 
offers  exceptional  opportunities  to  the  man  with  a 
resourceful  and  analytical  turn  of  mind  who  has  had 
the  proper  training.  His  problem  is  to  show  manu- 
facturers how  a  better  grade  of  goods  ma}'  be  pro- 
duced with  less  waste  and  greater  safet}'  to  the  work- 
man at  a  lower  unit  cost  than  with  older  forms  of 
drive. 

The  central  station  companies  have  been  required 
to  meet  and  solve  this  problem,  and  where  their  own 
force  was  inadequate,  they  have  relied  to  a  consider- 
able extent  upon  assistance  given  by  the  electrical 
manufacturers,'  and  with  this  assistance  they  huve 
opened  up  broader  and  broader  fields  in  their  own 
territory.  This  increased  field  of  usefulness  has 
reflected  back  upon  the  users  of  their  power  in  the 
shape  of  service,  the  reliability  of  which  is  unques- 
tioned, and  assistance  to  the  power  user  in  solving  his 
problems.  The  extent  to  which  the  power  companies' 
services  have  become  a  matter  of  necessity  is  best 
shown  by  referring  to  the  census  figures,  which  show 
that  approximately  20  percent  of  the  total  power  used 
for  manufacturing  in  the  United  States  is  supplied 
from  central  stations. 

Realizing  the  advantage  of  having  men  on  this 
work  who  could  be  of  the  greatest  possible  service  to 
their  customers,  the  larger  power  companies  have  for 
a  number  of  years  maintained  classes  for  their  sales- 
men where  engineering  and  commercial  problems 
were  studied.  These  classes  have  had  the  active 
co-operation  and  support  of  the  electrical  manufac- 
turers. Realizing  that  more  trained  men  were  neces- 
sary to  carry  on  this  work,  the  manufacturers  have 
laid  special  emphasis  on  this  work  in  the  training  of 
their  own  commercial  men,  who  will  be  called  upon 
to  assist  the  central  station  man  in  application  work. 
In  addition  to  this  they  have  taken  many  of  the 
highest  class  technical  graduates  and  arranged  their 
course  of  training,  with  the  end  in  view  that  these 
men  would  be  available  for  power  sales  work  to 
assist  the  central  stations  where  their  services  might 
be    required,    more    especially    among    the    smaller 


power  companies,  where  the  field  is  not  such  as  to 
justify  a  high-priced  power  expert  of  their  own. 

To  be  successful  at  this  work,  a  man  must  not 
only  be  a  good  apparatus  salesman,  a  good  judge  of 
human  nature  and  an  engineer,  but  he  must  also  have 
the  ability  to  analyze  each  proposition  carefully.  It 
is  not  a  case  of  selling  a  motor  and  taking  a  chance 
that  everything  will  be  all  right  when  the  power  bill 
comes  in,  but  it  is  absolutely  necessary  that  the  vari- 
ous drives  be  carefully  laid  out  to  obtain  the  greatest 
economy,  both  as  regards  the  reduction  of  power  bills 
and  the  increase  of  output.  It  is  no  longer  the  power 
bills  alone  to  which  the  manufacturer  must  look  and 
of  which  the  power  salesman  should  talk  when  in- 
stalling motor  drives.  Each  industry  has  its  own 
peculiar  conditions,  and  the  use  of  motor  drive  has 
been  found  to  work  into  these  conditions  so  well  that 
it  is  very  necessary  to  equip  the  salesman  with  a 
knowledge  of  where  to  look  for  these  unforeseen 
advantages.  It  is  just  this  work  that  the  modern 
power  salesman,  fully  equipped,  is  doing  for  the 
manufacturing  trades  today.  C.  N.  Johnson 


Until     within     the     last     few     years 

Fractional        electricity    has   been    known    to    tlie 

Horse-Power     non-electrical    person    only    through 

Motors  electric     lighting,    electric     traction, 

the  telegraph  and  telephone.  Re- 
cently, however,  the  remarkably  broad  use  of  the 
fractional  horse-power  motor  has  come  within  the 
direct  vision  of  almost  everyone  in  this  country. 

The  principal  function  of  the  small  motor  is  to 
save  time  and  lalmr.  Seven  or  eight  years  ago  the 
motor-driven  vacuum  cleaner,  washing  machine,  sew- 
ing machine,  piano  player,  dictating  machine,  porta- 
ble drill  and  sign  flasher  were  hardly  known  to 
the  public ;  and  such  devices  as  motor-driven  meat 
grinders,  coffee  grinders,  forge  blowers,  small  air  and 
water  pumps,  \ibrators  and  the  like,  were  novelties 
used  by  extremists  who  were  after  the  very  latest 
thing.  Now  conditions  have  changed,  and  the  effect 
upon  the  public  mind  of  the  tendency  to  "do  things 
electrically"'  cannot  be  overestimated.  Today  there 
are  several  hundred  thousands  of  horse-power  of 
small  motors  operating  little  devices  in  the  home, 
office,  store  and  shop. 

In  addition  to  its  time-saving  features  and  the 
elimination  of  manual  labor,  the  small  motor  has 
done  a  great  deal  toward  improving  the  design  of 
small  motor-driven   machinery,   tor  it  lias  led   to  an 
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analysis  of  the  power  requirements  and  methods  of  The  service  for  which  these  men  are  responsible 

drive,  and   the   direct   application   of   the  motor   has  is  only  possible  because  of  the  efficient  and  highlv 

frequently  made  possible  a  simplification  in  the  con-  developed  elevator  drive  of  the  present  dav.    The  re- 

struction  of  the  machine.     Nor  have  the  benefits  de-  quircnients    demanded    of    such    machines    are    more 

rived   from   the   small   motor  been   limited  to  cities,  than  usually  exacting.     In  the  first  place,  they  must 

Where  central  station  lines  do  not  extend,  the  small  occupy  a  very  small  amount  of  floor  space,  and  usu- 

isolated  plant  makes  possible  the  use  of  the  motor  for  ally  less  than  six  feet  over  the  bearings,  so  that  a 

the  farm  and  country  residence.    The  use  of  an  elec-  number  of  them  may  be  installed  side  by  side  on  the 

trie  motor  for  starting  automobile  engines  serves  as  same  floor,  thus  reducing  the  cost  of  the  installation, 

a  further  instance  of  this,  as  does  the  electric  horn.  The  machinery  must  be  simple  in  construction  and 

It  is  difficult  to  foretell  the  future  uses  for  small  operation,  so  as  to  keep  down  the  cost  of  upkeep, 

motors.     There  are  now  some  70  or  80  well-known  The  elevator  must  be  started  and  accelerated  rapidly 

applications.     Just  recently  the  application  of  small  and   smoothly  to   full  speed  and  easily  and   quickly 

motors  to  such  machines  as  dishwashers  and  house-  brought  to  a   full  stop  without  shock  or  jar  to  the 

hold   refrigerators   has  become   much   more  general,  passengers. 

while   other   new   applications   are   being   constantly  "Safety  First"'  is  an  essential  in  any  elevator,  and 

Bernard  Lester  especially   in   the   high-speed   passenger  elevators   in 

tall  buildings.     In  an  elevator  driven  by  an  electric 

motor,  numerous  safety  devices  are  easily  installed,  as 

It  is  estimated  that  the  elevators  in  it  is  only  necessary  to  open  the  control  circuit  to  dis- 


made. 


Direct-  New    York    City    carry    over    six 

Traction         million  passengers  daily — more  than 
Elevators         tlie    subway,    elevated    and    surface 
railways  combined.     The  extremely 
few  accidents  form  the  best  testimony  to  the  state  of 
perfection    of    the    modern    electric    high-speed    pas- 
senger elevator. 

Office  buildings  and  even  hotels  of  from  eighteen 
to  twenty  stories  and  higher  are  quite  common  to  the 
large  American  cities  of  today.  These  high  build- 
ings require  elevators  running  at  from  six  to  seven 
hundred  feet  per  minute.  Geared  elevator  machines 
are  not  satisfactory  for  speeds  over  four  to  five  hun- 
dred feet  per  minute,  and  it  was  to  meet  the  demand 
for  the  higher  speeds  that  the  direct  traction  motor. 


connect  the  motor  and  the  brake  magnet  coil  from  the 
line,  thus  applying  the  brake  and  stopping  the  motor. 

\\\  H.   P.\TTEKSOX 


Industrial 
Electricity 


As  new  central  station  service  lines 
are  being  inaugurated  and  old  ones 
extended,  industrial  electrification  is 
becoming  more  general.  The  deci- 
sion by  the  manufacturer  or  producer  to  electrify 
may  be  by  reason  of  one  or  a  combination  of  several 
advantages.  Years  ago  he  saw  a  saving  in  fuel  con- 
sumption, a  saving  in  upkeep  of  mechanical  equip- 
ment, or  an  increase  in  production.     As  the  central 


station  expanded,  he  saw  further  reduction  in  power 
with  the  rope  sheave  bolted  directly  to  the  armature  costs  by  eliminating  interest  on  investment  on  boilers 
spider,  was  developed.    The  article  by  Messrs.  Brunt     and  engines,  together  with   fuel,  oil,  waste,  removal 


and  Keith  in  this  issue  indicates  the  e.xtent  to  which 
electrical  engineers  have  devoted  their  experience 
and  ingenuity  to  the  perfection  of  apparatus  suited  to 
meet  the  above  requirements. 

The  average  elevator  passenger  does  not  give  a 
thought  to  the  men  and  machinery  back  of  its  opera- 
tion, but  thinks  of  an  elevator  merely  as  the  car  in 
which  he  rides.  In  reality,  however,  the  elevators  in 
the  modern  skyscraper  constitute  a  large  and  very 
essential  department  in  themselves.  In  addition  to 
the  car  operators  there  is  the  starter  located  on  the 
main  floor,  whose  duly  it  is  to  see  that  the  time  of 
travel  between  cars  is  such  as  to  cause  the  least  delay 
to  passengers.  He  has  before  him  a  series  of  small 
electric  lights  which  show  him  at  all  times  the  posi- 


of  ashes,  labor,  etc. 

These  were  all  direct  sa\ings  which  could  be  pre- 
determined. \'ery  little  attention,  if  any,  was  given 
to  indirect  savings,  which  were  difticult  to  capitalize 
in  dollars  and  cents.  In  some  cases  of  electrification, 
indirect  benefits  have  been  so  great  as  to  overbalance 
the  actual  direct  savings  on  which  the  decision  to 
electrify  was  based.  For  instance,  silk  mills  expect  a 
certain  amount  of  loss  due  to  oil  and  dirt  being 
thrown  from  belts  and  overhead  shafting  onto  the 
silk.  These  damaged  pieces  were  cut  out  and  sold  as 
remnants.  The  saving  through  elimination  of  rem- 
nants alone  was  sufficient  to  justify  electrification. 
Oil  well  pumping  plants,  which  electrify  to  reduce 
operating  expense,  find  that  the  electrification  has,  in 


tion  of  each  car,  and  he  can  communicate  at  any  time  addition,  eliminated  fires  and  explosions, 

by  telephone  with  the  operator  in  each  car.     Records  As  exemplified  by  several  articles   in  this   issue, 

of  the  number  of  car-miles  traveled,  together  wi'h  the  almost  every  industry  is  developing  indirect  savings 

cost  for  each  elevator,  are  made  up  daily.     There  is  by  the  use  of  electric  power,  in  addition  to  direct  sav- 

also  an  electrician  in  charge  of  the  winding  machines,  ings,  which   tend  to  counterbalance  the  higher  cost 

controllers  and  other  equipment,  whose  duty  it  is  to  of  labor,  raw  material  and  present-day  competition, 

see  that  they  are  kept  in  pro])er  working  order.  O.  F.  Strom.\x 


Electricity  in  Slate  Mining 


R.  C.  Berlin 
General  Manager,    ' 
The  Prospect  Development  Company 


THERE  ARE  three  prominent  slate  districts 
supplying  over  80  percent  of  the  slate  prod- 
ucts used  in  America,  all  of  which  are  using 
electric  power  for  at  least  a  part  of  their  require- 
ments;— namely,  the  Vermont  district,  the  Peach 
Sottom  district  and  the  Slatington-Bangor  district  in 
Pennsylvania.  In  all  three  districts  a  saving  of  many 
ihousands  of  dollars  in  both  operating  costs  and  in- 
vestments is  being  eiYected  and  the  development  of  the 
properties  greatly  promoted  by  the  use  of  electric 
power.  All  three  districts  have  characteristics  common 
to  each  other,  yet  the 
actual  methods  of  opera- 
tion are  noticeably  differ- 
ent. This  is  due  to  the 
different  geological  for- 
mations found  in  each 
district,  w  h  i  c  h  require 
variations  in  the  methods 
employed  in  both  quarry 
and  milling  operations. 
The  electrical  a  p  p  1  i  c  a- 
tions,  however,  are  gener- 
ally the  same,  so  what  is 
here  said  of  the  Slating- 
ton-Bangor district  will 
apply  in  general  to  the 
others. 

Because  of  an  unusu- 
ally low  rate  for  power, 
as  well  as  local  conditions 
governing  the  industry, 
the  percentage  of  savings 
affected  in  this  region  has 
been  larger  than  would 
ordinarily  have  been  the 
case  elsewhere  under  like 
circumstances.  In  the 
first  place  the  cost  of  fuel 
is  high  (soft  coal  costing 
$3.00  per  ton  f.  o.  b.  cars 
and  buckwheat  coal  cost- 
ing $1.95  per  ton  f.  o.  b.  cars),  and  in  the  majority  of 


FIG.    1 — TYPICAL    SL.\TE    QU.^RRV    AT    BERLINSVILLE,    PA. 

Showing  the  natural  appearance  of  the  slate  and  the  long 
cable-ways  used  in  its  transfer  from  the  quarry  to  the  mill. 


are  generally  uncovered,  resulting  in  tremendous  con- 
densation losses,  and  always  resulting  in  trouble  and 
annoyance.  For  these  reasons,  a  reduction  of  from 
25  to  55  percent  in  operating  power  costs  are  very 
common,  which  will  show  a  return  of  at  least  20  per- 
cent on  the  investment  required  to  change  from  steam 
to  electric  drive  and  in  some  instances  has  shown  a 
leturn  of  103  percent  the  first  year. 

SLATE    QU.\RRY    OPERATION 

Briefly   the   operations   involved   in   slate  quarrying 

are  as  follows  :  The  rock 
is  worked  loose  in  the 
quarries  either  by  the  old 
methods  of  blasting  a 
loose  side  and  sculping 
the  stones  with  powder 
or  by  chipping  them  with 
channelers  or  quarry 
bars,  sometimes  a  combi- 
nation of  the  two  meth- 
ods being  used  with  good 
results.  After  sculping 
and  splitting  the  material 
into  stones  of  suitable 
size  (ranging  in  weight 
from  small  chips  to  blocks 
of  five  and  six  tons),  they 
are  hoisted  to  the  surface 
by  means  of  cable 
stretched  over  the  open- 
ings on  which  a  carriage 
is  run  back  and  forth. 
Cable  hoists  using  either 
two  or  three  drop  ropes 
and  having  a  rope  wind- 
ing speed  of  from  400  to 
800  feet  per  minute  are 
usually  employed,  .\fter 
being  delivered  on  the 
bank  it  is  conveyed  by 
trucks  to  the  shanties  and 
worked  up  by  hand,  or  to  the  factories  and  mills,  where 


cases  must  be  hauled  over  bad  roads  for  long  distances     it  is  sawed  into  blocks  of  the  proper  size  and  then  split 
from  the  nearest  railroad  point.    Secondly,  the  majority     into  roofing  slate,  blackboards  or  structural  materials, 


of  operations  are  small  and  sufficient  capital  is  not  avail- 
able for  the  erection  of  efficient  steam  generating 
plants.  Thirdly,  the  various  requirements  for  power 
are  widely  separated, — pumps  in  the  sump,  factories, 
mills,  hoists  and  inclines  at  various  points  on  the  bank, 
hundreds  of  feet  apart  and  hundreds  of  feet  from  the 
central  power  plant.  Many  small  driving  units  are 
therefore  required  which  are  very  uneconomical  in 
steam  consumption  and  require  long  pipe  lines,  which 


depending  on  the  quality.  Afterwards,  the  finishing 
is  carried  on  in  the  mills,  depending  on  the  material 
desired. 

In  all  the  details  of  this  process  there  are  possibili- 
t-es  for  the  use  of  electric  drive  and  in  the  Slatington- 
Bangor  district  the  electric  motor  has  become  practi- 
cally the  universal  type  of  motive  power. 

The  pumping  of  the  water  is  the  most  troublesome 
and  expensive  operation  in  most  quarries.    Water  flows 
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into  the  quarries  from  the  sides  and  from  the  bottom, 
aepcnding  on  the  location,  depth,  etc.,  the  usual  depths 
from  which  water  is  pumped  being  from  50  to  500  feet 
\ertical  head.  The  (|uantity  of  water  to  be  pumped  de- 
j.,ends  on  local  conditions,  and  increases  with  the  depth. 
The  year's  puni])ing  is  also  divided  into  two  seasons — 
wet  and  dry, — the  wet  season  comprising  February, 
March,  April,  May  and  part  of  June,  during  which 
lime  the  rate  of  inflow  is  approximately  double  that 
of  the  dry  season,  excepting  at  times  of  heavy  rains, 
when  the  surface  waters  greatly  increase  the  rate  of 
inflow,  but  for  short  periods  of  time  only. 

The  old  method  of  pumping  the  water  with  steam 
pumps  was  the  most  inefificient  of  all  methods.  Single 
or  duplex,  double-acting,  horizontal  piston-packed 
pumps  were  used,  having  a  steam  consumption  of  from 
90  to  130  pounds  of  stenm  per  horse-powcr-hour.  Long 
exposed  jjipe  lines  allowed  heavy  condensation,  adding 
from  four  to  five  horse-power  to  the  pumping  load. 

The  pumps  are  located  in  the  bottom  of  the  quar- 
ries, as  close  to  the  water  as  possible,  being  set  in  re- 
cesses cut  into  the  side  wall,  and  protected  from  fall- 
ing materials,  blasts,  etc.,  by  ])lanks  or  heavy  timbers 

The  operation  of  all  pumps  is  variable,  depending 
on  conditions.  When  sinking  is  being  pushed  in  the 
quarries,  the  pumj^s  must  0])erate  during  tlie  entire 
day  at  such  sjjeed  as  to  take  care  of  the  actual  inflow 
to  the  (|uarry,  thus  allowing  the  men  to  work  in  the 
sink  without  the  use  of  boots,  etc.  The  jnunps  are 
usually  stopped  in  the  evening  when  the  work  is  stop- 
ped and  not  started  until  the  water  reaches  the  pumps 
again  or  in  time  to  pump  out  the  sink  before  starting 
t;me  the  next  morning,  the  exact  time  depending  on 
the  storage  capacity  of  the  quarry,  the  size  of  pumps 
and  the  rate  of  inflow.  Pumps  operating  20  to  24 
hours  per  day  are  very  common,  while  others  operate 
from  12  to  14  hours  per  day  only. 

As  the  inuups  must  be  kept  close  to  the  water  (maxi- 
mum efficient  suction  lift  not  exceeding  25  feet)  it  is 
necessary  to  lower  the  pumps  repeatedly  during  the 
year,  depending  on  the  size  of  the  opening  and  the  rate 
of  working.  Pumps  are  lowered  as  many  as  five  times 
per  year  although  the  average  is  not  nearly  so  high, 
possibly  being  only  twice  per  year. 

Heretofore,  steam  pumps  have   fulfilled  conditions 

most  satisfactorily,  their  advantages  over  other  types 

of  pumps  being  as  follows: — 

I — Miiiinnmi  floor  space  and  hcij>lit. 
2— Miniimini  weight,  and  ihcrcfore  easily  liandled. 
J— Speed  varied  by  regulating  the  steam  supply. 
4— Ru.gged  and  self  contained,  requiring  little  or  no   pro- 
tection. 
5 — Can  be  operated  under  water  without  injury. 
6— Have  few  parts;  therefore  requiring  minimum  attenti..n. 

The  disadvantages  of  steam  pumps  are: — 

I — Cost  of  pumping  is  too  high. 

2 — They  e.\haust  steam  into  the  quarries. 

^ — Are  not  reliable  and  are  troublesome  in  starting. 

The  above  advantages  of  steam  puiups  are  the  requi- 
sites of  the  proper  electric  pump.  If  these  condi- 
tions can  be  met  in  all  cases  electric  ]>umping  is  sure 


to  be  adopted.  In  order  to  get  a  pump  to  meet  the 
shove  conditions  successfidly,  pumps  of  all  descrip- 
tions— vertical  triplex,  single  and  double-acting,  and 
power  |)umps,  of  every  type  and  make, — were  in- 
.stalled  and  watched  carefully  from  all  points  of  view. 
All  pumps  met  with  good  success  and  showed  wonder- 
ful im])rovements  over  steam  pinups,  the  only  objec- 
tions to  most  pum])s  being  their  size  and  weight.  Of 
the  two  types  mentioned  above,  the  double-acting  pump 
proved  most  satisfactory  and  ])opular  as  explained 
below,  ihe  pump,  however,  that  meets  the  conditions 
lequired  most  satisfactorily  is  a  horizontal,  duplex, 
double-acting  piston-packed  pump.  This  type  of  jiump 
Las  the  s.'ime  water  end  as  the  old  steam  pumps  and  is 
therefore  not  new  in  the  district.  For  this  reason  the 
pump  is  popular  w-ith  all  operators.  The  power  end 
leplaces  the  steam  end  and  is  of  heavy  and  rugged  con- 
struction, re(|uiring  little  attention.  The  floor  space 
re(iuirc(l   by  this   piunp   is   exactly   the  same  as  steam 


/ 


I-IG.  2 — MOTOR-URIVEN   PUMPING  UNIT 

This  is  the  most  common  application  of  electricity  in  a  slate 
quarry,  inimping  being  practically  continuous. 

l-'umjis  of  the  same  ca])acily,  and  the  weight  is  prac- 
tically the  same.  The  construction  is  strong  and  com- 
pact, requiring  a  mininuim  amotmt  of  protection  and 
attention.  The  only  feature  not  to  be  had  with  this 
pump  when  compared  to  the  steam  pump  is  the  varying 
speed.  This  speed  variation  could  be  had  by  using  a 
variable  speed  motor  which  would,  however,  increase 
the  cost  of  operation  and  involve  new  parts,  etc.,  liable 
to  result  in  trouble  and  annoyance.  This  feature,  how- 
ever, can  be  taken  care  of  very  satisfactorily  by  using 
either  a  constant  s[)ecd  squirrel-cage  motor  or  one  in 
which  two  siieeds  may  be  obtained  by  merely  changing 
the  luimber  of  poles  of  the  luotor.  With  a  single-speed 
motor  chain  drive  is  used,  so  that  the  speed  of  the 
pump  can  be  changed  to  meet  the  conditions  of  wet  and 
dry  seasons  by  merely  replacing  the  sprocket  wheel  on 
the  pump  and  lengthening  the  chain.  By  carrying  a 
number  of  such  sprockets  any  speed  desired  can  be  had 
and  the  pump  will  then  operate  most  efificiently  at  all 
limes  of  the  year.  When  a  two-speed  motor  is  used, 
the  motor  is  geared  to  the  pump,  and  the  starter  and 
[lole-changing  switch  located  on  the  surface.  By  so 
doing,  the  speed  of  the  pump  can  be  changed  from  the 
;urface  at  any  time.    For  this  reason  two-speed  motors 
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j-re  usually  employed  in  deep  quarries  where  the  pumps 
cannot  be  reached  except  by  using  the  hoists.  These 
two  methods  give  the  same  results  as  having  two 
pumps  of  different  capacities,  excepting  that  of  pro- 
tection by  having  a  spare  unit.  But,  as  the  space  in 
all  quarries  is  limited  as  far  as  pumping  houses  are 
concerned,  and  the  units  must  be  lowered  so  often, 
two  pumps  are  not  desirable,  especially  from  ilie  ([uar- 
rymen's  point  of  view.  Besides,  two  units  are  expen- 
sive, and  one,  if  properly  taken  care  of,  will  seldom 
cause  delays  of  any  kind.  Spare  parts  carried  in  stock 
will  guard  against  all  such  delays. 

The  motors  are  mounted  on  the  same  base  as  the 
pumps,  forming  one  compact  unit.  The  type  of  motor 
being  used  is  the  squirrel-cage,  polyphase  motor,  hav- 
ing impregnated  coils  to  protect  them  from  the  ex- 
treme dampness  and  direct  contact  with  water  condi- 
tions thai  cannot  be  eliminated.  By  using  this  type 
of  motor  the  possibility  of  shut-downs  and  trouble  is 
1  educed  to  a  minimum,  there  being  only  two  bearings 
to  be  taken  care  of.     Asrain,  no  tjower  is  lost  in  resist- 


FIG.    3 — -\    50    HORSE-PUWEK     MOTOK    GE.VKEU    TO    A    SIXGEE-URUM 
HOIST,  OPER.\TING  \  C.^BLEWAY   SUCH  AS   SHOWN  IN   FIG.   I 

Jiuce,  and  the  pumps  therefore  operate  at  the  highest 
efficiency  possible  at  all  times.  This  type  of  motor  has 
been  used  under  the  most  severe  conditions  for  years, 
being  subjected  to  drowning  out,  dripping  water  and 
aampness.  It  is  necessary,  however,  from  time  to  time 
to  repaint  the  windings  with  insulating  compounds  or 
paints.  As  an  instance  of  severe  service  may  be  cited 
a  case  where  a  15  horse-power,  three-phase,  60  cycle, 
220-volt  motor  at  the  Slatington  quarries  operated  con- 
tinuously under  water  for  a  period  of  19  hours.  The 
pump  had  been  drowned  out  in  a  delay  in  (juarry  opera- 
tions. It  was  started  under  water  by  replacing  its  fuses 
with  cojjper  wire  and  continued  to  operate  without 
difficulty  luitil  the  pump  was  completely  out  of  water, 
the  only  damage  being  a  roasting  of  the  wires  leading 
to  the  pump.  It  was  then  disconnected  and  run  on  no 
load  until  dry.  This  motor  was  not  even  equipped  with 
impregnated  coils ;  but  when  dried  it  was  repainted 
with  an  insulating  compound  and  again  put  into  ser- 
■>'ice  and  has  operated  satisfactorily  to  date. 

The  electric  pumps  are   operated   in  the    following 
manner:     If  the  work  is  being  carried  on  in  the  sink, 


the  pump  is  operated  at  either  high  or  low  speed  in 
order  to  keep  all  the  water  out  of  the  sink.  As  the  speed 
is  fixed  it  is  necessary  for  the  pump  to  suck  both  air 
ind  w^ater  during  the  day  for  rarely,  if  ever,  does  the 
I  ate  of  inflow  equal  the  capacity  of  the  pump.  On  ac- 
count of  this  condition  a  double-acting  pump  is  more 
desirable  than  a  single-acting  pump,  for  it  will  continue 
to  draw  both  air  and  w-ater  without  dropping  the  water 
for  approximately  double  the  distance  of  the  single- 
acting  pump. 

This  sucking  of  air  with  the  water  is  considerably 
harder  on  both  valves  and  seats  than  any  other  service, 
but  as  conditions  cannot  be  changed  and  it  is  the  cheap- 
est and  most  economical  method  possible  it  will  un- 
doubtedly continue  in  use.  For  this  service  single-act- 
i!ig  pumps  can  be  applied  very  satisfactorily  to  suction 
lifts  of  from  15  to  20  feet,  and  double-acting  pumps 
with  the  same  results  and  no  additional  trouble  can  be 
used  for  suction  lifts  of  from  25  to  30  feet,  vertically. 

The  current  is  carried  from  the  surface  to  the 
pumps  either  by  three  or  six-conductor  armored  cable, 
(iepending  on  whether  a  single  or  two-speed  motor  is 
used.  Galvanized  wire  is  used  to  armor  the  cable,  thus 
protecting  the  wires  from  stones,  etc.,  hurled  against 
them  by  blasting,  falling  from  the  sides,  etc.  The  cable 
is  thrown  over  the  side  of  the  c|uarry  and  tied  to  the 
discharge  line.  On  the  lirst  installation,  triple  braid 
VvCatherproof  wire,  tied  together  and  the  whole  tied 
behind  the  discharge  pipe  was  used.  The  stones  from 
blasts,  however,  rapidly  opened  up  the  insulation  which 
resulted  in  short-circuiting,  making  it  necessary  to  re- 
i.ew  the  wire  or  repair  it  from  time  to  time. 

As  to  the  economy  of  pumping  electrically,  in  this 
region  the  actual  records  for  years  show  a  reduction 
of  at  least  40  percent  in  the  operating  costs  and  in 
several  instances  a  reduction  of  75  percent,  as  com- 
pared to  similar  service  with  steam  pumps.  This  big 
I  eduction  is  made  possible  by  the  elimination  of  the 
night  fireman,  for  the  electric  jnimps  are  operated 
without  requiring  the  attention  of  any  one.  Safety 
alarms  are  installed,  however,  on  nearly  all  pumps  to 
prevent  drowning  out  or  other  trouble.  The  alarms 
ring  as  soon  as  the  pump  stops,  or  when  the  water 
reaches  a  certain  level,  alarms  being  generally  placed 
in  the  home  of  some  employee  living  near  the  oper- 
ations, who  then  investigates.  Another  large  reduc- 
tion is  made  in  the  oil  accounts  charged  against  the 
pumps.  In  several  small  operations  savings  of  from 
,512  to  $14  per  month  have  been  elifected.  .\gain  the 
packing  account  is  cut  in  half — another  item  not  to 
be  neglected. 

Automatic  controllers  for  pumps  have  not  yet  been 
adopted  in  this  region.  They  are  only  applicable  in  the 
large  operations  where  channelers  are  used  and  w-here 
they  need  not  be  disturbed.  In  the  small  operations, 
however,  where  blasting  is  resorted  to  and  where  they 
would  necesarily  be  injured  by  falling  stones,  etc.,  they 
could  not  be  used.  They  would  undoubtedly  pay  for 
themselves  in  a  short  time  at  places  where  they  are 
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applicable,  as  then  the  pumps  would  always  work  at 
the  highest  efficiency. 

Centrifugal  jjumps  have  been  tried  in  many  quar- 
ries Init  liave  never  met  with  any  success.  The  con- 
tinually changing  head,  the  varying  (|uantity  of  water 
and  the  sucking  of  both  air  and  water  during  the  day 
entirely  eliminate  this  type  of  pump,  as  its  efficiency 
under  such  conditions  would  be  entirely  too  low  to 
make  it  ])ractical.  Resides,  the  punij)  could  not  suck 
air  and  water  successfully.  The  fine  gritty  slate  par- 
ticles and  muds  rapidly  cut  away  the  casings  and  pro- 
peller blades  of  all  such  pumps,  again  greatly  reducing 
the  efficiency. 

AIR  COMPRESSORS 

Compressed  air  has  been  adopted  in  all  (juarries  for 
operating  channelers  and  rock  drills,  such  apparatus 
showing  an  increase  of  from  75  to  100  percent  when 
using  air  over  steam.  This  is  due  to  the  small  loss  in 
pressure  in  transmitting  the  air,  wdiile  in  steam  the 
losses  in  condensation,  etc.,  reduce  the  pressure  from 
100  pounds  boiler  pressure  to  as  low  as  55  and  60 
pounds  at  the  drill.  The  new  air  hammers  have  been 
largely  instrumental  in  bringing  about  the  adoption 
of  air,  because  these  hammers  can  replace  the  large 
tripod  drills,  which  rerjuire  two  men  and  consume  from 
two  to  three  times  the  amount  of  air  required  by  the 
air  hammers  for  the  same  work.  The  air  hammers  can 
c'rill  holes  of  the  same  size  and  depth  in  approximately 
cne-fourth  the  time  of  the  tripod  drills. 

As  the  load-factor  on  a  compressor  furnishing  air 
for  hammers  is  very  low,  due  to  the  intermittent  ser- 
vice, a  compressor,  so  installed  as  to  operate  automat- 
ically, best  answers  the  pur])ose.  That  is  also  true  of 
a  compressor  operating  both  hammers  and  channelers. 
The  load- factor  of  a  channeling  machine,  when  operat- 
ing, is  quite  high,  but  when  considered  over  a  period 
of  a  month,  is  fairly  low — not  exceeding  40  percent. 
On  this  account  a  compressor,  even  when  operating 
channelers  only,  can  be  operated  more  economically 
by  automatically-controlled  electric  drive  than  by  steam 
drive. 

Electrically-driven  compressors  can  be  installed 
complete  with  automatic  control  for  less  money  than 
a  similar  steam  installation.  They  can  be  operated 
(the  small  units)  for  less  money  than  the  steam  outfits 
of  the  same  rating  and,  in  fact,  as  cheaply  as  the  larger 
expensive  outfits  having  cross-compound  steam  cylin- 
ders, with  condensers,  etc.  The  amount  of  saving 
realized  in  this  region  by  electrically-driven  compres- 
sors varies  from  10  to  35  percent  over  the  same  steam- 
driven  outfits,  depending  on  the  conditions  under  which 
they  are  operated.  Savings  of  from  50  to  75  percent 
have  been  realized  for  the  same  work  by  using  air  where 
steam  was  used  in  the  quarries  for  all  the  drills,  chan- 
nelers, and  other  aj)plications. 

The  type  of  compressor  mostly  used  in  the  region 
is  a  duplex,  compound  two-stage  power-driven  com- 
pressor, operating  at  pressures  of  from  80  to  100 
pounds,  with  short  belt  idler  drive,  and  controlled  with 


r.utomatic  panels.  Compressors  are  installed  in  such 
a  manner  as  to  operate  either  automatically  or  contin- 
uously, in  the  latter  case  being  started  by  hand  controllers 
and  unloaded  with  suction  unloaders  between  the  pres- 
sures of  95  and  100  pounds.  This  eliminates  delays  in 
case  of  trouble  with  automatic  control  and  permits  the 
compressor  In  opL-rate  most  efficiently  at  all  times. 
.Vutomatically  controlled  outfits  should  be  furnished 
with  at  least  three  times  the  storage  capacity  of  con- 
tinuously operated  machines.  By  providing  this  addi- 
tional capacity  the  wear  and  tear  on  the  compressor  is 
minimized,  for  the  number  of  stops  and  starts  is  greatly 
reduced. 

Electric  drills  have  not  been  successfully  operated 
in  the  slate  industry.  We  cannot  predict  a  bright  fu- 
ture for  the  present  type  of  electric  drill,  for  the 
new  air  hammers  are  so  far  ahead  of  them  in  every 
respect  that  no  comparisons  can  be  made.  The  electric 
drills  are  entirely  too  heavy  and  cumbersome,  requir- 
ing three  and  four  men  to  set  them  up.  Again  they  are 
too   expensive  at   the  present   time   to   receive  serious 


I-IC.   4 — MOTOR-DRIVEN    SAW   T.\BLE   FOR   CUTTING    SL.-VTE 

The  motor  is  mounted  on  overhead  beams  and  operates  the 
saw  through  belts  and  countershafts. 

consideration.  Electric  channelers,  however,  are  more 
applicable,  but  to  date  have  not  proven  very  successful. 
The  field  for  the  channelers  is  large,  however,  and  we 
1/clieve  they  will  be  adopted  in  the  very  near  future. 

FACTORIES   AND    MILLS 

The  plants  for  finishing  and  sawing  up  the  slate 
have  simple  and  normal  applications,  all  machinery  ex- 
cepting the  rubbing  beds  being  operated  successfully 
liy  squirrel  cage  motors.  Belt  and  chain  drives  are 
used  on  both  individual  machines  and  groups.  The 
rubbing  beds  require  motors  of  heavy  starting  duty, 
and  accordingly,  are  operated  by  a  constant  speed  slip- 
r-ng  motor  controlled  by  a  drum  controller  of  the  non- 
leversing  type. 

Electric  power  has  successfully  replaced  all  steam, 
gas,  and  oil  engine  drives  in  this  region,  showing  a 
reduction  in  operating  cost  of  from  25  to  65  percent, 
<!ej)ending  on  the  kind  of  instrdlation  made.  The  reason 
for  this  great  reduction  is  that  the  small  sized  steam 
engines  that  are  used  in  the  district  are  mostly  all  of 
the  slide  valve  type  and  are  very  uneconomical  in  steam 
consum]5tion.  The  other  main  reason  is  that  the  line 
shafting  necessary  to  .operate  the  mill  consumes  from 
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50  to  75  percent  of  the  power  delivered  in  overcoming 
triction.  The  above  figures  are  large  when  compared 
to  other  factory  and  mill  drives  but  have  been  proven 
to  be  correct.  This  is  due  to  the  settling  of  buildings, 
resulting  in  the  binding  of  the  line  shafting,  all  the  fac- 
tories being  built  on  the  rubbish  banks,  which  are  con- 
tmually  settling.  This  cannot  be  eliminated  and  it  is 
therefore  necessary  to  install  short  countershafts,  of 
two  bearings  each,  and  drive  each  machine  with  indi- 
vidual motors. 

Individual  motors  will  effect  a  saving  of  at  least 
40  to  50  percent  in  power  costs  over  a  single  group 
drive.  Besides,  the  life  of  belts,  pulleys,  shafts  and 
machines  are  greatly  increased,  for  when  individual 
drive  is  used  all  machines  can  be  completely  stopped 
when  not  doing  useful  work.  All  machines  in  the 
slate  mills,  excepting  the  rubbing  beds,  have  very  low 
load-factors  and  for  this  reason  large  savings  can  be 
effected.  For  this  reason  also,  individual  motors  with 
drum  switches  at  each  machine  have  been  adoptetl  as 


FIG.    5 — A    I4-l-iiii'r    M.Al'K    RUBBING    BED 

Driven  by  a  7.5  horse-power  induction  motor. 

the  standard  drive.  In  addition  to  these  advantages, 
individual  motors  should  be  adopted  as  a  "safety  first" 
precaution,  for  the  chances  of  accident  are  practically 
nil  when  the  machines  are  standing  idle. 

Chain  drive  on  line  shafting  is  as  satisfactory  if 
not  more  so  than  belt  drive.  On  individual  drive,  how- 
ever, it  is  not  desirable  for  the  reason  that  no  slip- 
ping can  take  place  in  case  of  striking  hard  spots. 
Belts  allow  some  slippage,  which  prevents  the  ripping 
of  saws,  stripping  of  gears,  and  other  breaking  of 
machinery. 

ELECTRIC    HOISTS 

Electric  hoists  are  usually  the  last  step  to  be  taken 
when  changing  over  from  steam  to  electric  drive,  the 
leason  being  that  the  first  cost  of  an  electric  hoist,  com- 
pletely installed  and  ready  to  run,  is  at  least  one  and 
one-half  times  the  cost  of  a  corresponding  steam  engine. 
The  operating  cost  of  an  electric  hoist,  however,  is 
from  10  to  20  percent  lower  than  steam  operation  for 
the  same  service.     Electric  hoists,  having   fewer  mov- 


ing parts  than  steam  hoists,  are  giving  far  better  sat- 
isfaction than  any  steam  hoists.  All  trouble  is  elimi- 
nated, as  there  is  no  packing  or  other  similar  detail  to 
contend  with  as  with  steam  hoists. 

The  only  advantage  the  steam  hoist  has  that  the 
electric  docs  not  have  is  the  wide  variation  of  speed. 
Any  speed  whatever  can  be  had  with  steam  hoists 
merely  by  increasing  the  steam  supply.  It  is  therefore 
possible  to  start  the  hoist  as  slowly  as  possible,  a  point 
not  to  be  forgotten  in  slate  mining.  It  is  necessary  in 
the  quarry  operations  to  start  the  hoists  extremely 
slowly,  especially  when  pulling  or  loosening  a  stone. 
Great  care  must  be  exercised  or  the  stone  will  be  dam- 
aged, the  cable  or  ropes  torn  and  the  men  in  the  quar- 
ries injured.  Electric  hoists  cannot  have  the  same  range 
of  speed  as  steam  hoists,  but  when  operated  by  a  careful 
and  experienced  operator  can  be  used  for  all  service  with 
the  best  of  results. 

As  the  load  conditions  are  very  intermittent  and 
continually  changing,  an  intermittent  service,  wound- 
lotor,  varying  speed  hoisting  motor  controlled  by  a 
reversing  drum  controller  is  best  adapted  for  the  ser- 
vice. These  motors  are  geared  to  the  hoists  and 
mounted  on  the  same  frame.  In  order  to  get  the  slow 
start  mentioned  above  it  was  found  neci  ssary  to  in- 
sert considerable  resistance  on  the  first  three  running 
points,  which,  with  the  use  of  the  friction  brake,  enables 
any  rat€  of  motion  to  be  had. 

The  advantage  of  electric  hoists  is  the  acceleration 
in  picking  up  the  load.  This  acceleration  is  smooth  and 
even,  not  jerky  as  with  steam,  and  eliminates  consid- 
erable trouble  with  carriers  and  carrier  chains.  Be- 
sides, loads  of  all  kinds  can  be  handled  at  practically 
the  same  speed. 

GENERAL    .■ADVANTAGES 

Another  point  to  be  remembered  in  electrifying 
t|uarry  operations  is  the  flexibility  of  this  kind  of 
power.  Any  part  of  the  plant  can  be  operated  at  any 
time  independently  of  the  balance  of  the  plant  and  at 
a  minimum  cost  in  all  cases.  This  reduces  the  over- 
b.ead  charges  which  are  fi.xed  with  all  steam  plants. 

As  to  the  care  and  attention  required  to  keep  the 
electrical  plant  in  first-class  operating  condition — suf- 
fice it  to  say  that  no  plant  in  this  region  has  found  it 
i:ecessary  to  employ  an  electrical  engineer  or  even  an 
electrician  to  look  after  the  motors.  At  no  time  has 
the  electrical  end  fallen  down  or  caused  any  trouble 
excepting  when  brought  about  by  failing  to  supply  the 
])roper  amount  of  oil  and  to  keep  the  motors  clean.  As 
the  squirrel  cage  motors  are  practically  fool-proof  when 
installed  properly,  no  expert  electrical  knowledge  is 
required.  A  little  care  and  attention  with  a  little  good 
common  sense  is  all  that  is  required.  The  employee 
now  is  willing  to  give  this  attention — for  it  means  less 
worry,  work  and  trouble  for  him  The  operator  likes 
it  for  it  means  a  smaller  investment  and  a  big  reduc- 
tion in  operating  costs ;  and  it  is  only  a  matter  of  a 
very  short  time  when  this  district,  at  least,  will  be  en- 
tirely electrified. 


Method  of  ApplyingJSmall  Motors 

H.  F.  BoE 

Industrial  and  Power  Dept., 

Westinghousf  Electric  &  Mfg.  Company 

HE  SUBSTANTIAL  ami  rapid  increase  in  the      factor  in  many  lines  of  Inisiness,  as  well  as  homes  and 


I  use  of  small  motor-driven  machines  bears  evi- 
■*•  dence  to  the  fact  that  it  is  not  a  mere  passing 
fad,  but  a  highly  desirable,  convenient  and  economical 
method  of  doing  many  things  that  otherwise  would  have 
to  be  done  by  hand.  In  the  latter  case,  considerable 
additional  help  is  often  required,  and  even  then  the 
work  will  not  be  done  as  well  or  as  accurately  as  with 
the  machine.  The  increase  in  the  use  of  small  motor- 
driven  devices  or  machines  can  be  attributed  largely 
to  the  three  fallowing  reasons: — 

I — The  central  stations  have  assumed  an  aggressive  attitude 
in  regard  to  the  extension  of  power  circuits,  house  wiring  and 
general  day  load  building,  and  in  this  way  have  been  instru- 
mental in  keeping  the  small  motor-driven  device  or  machine 
before  the  public.  In  some  cases  they  have  carried  on  special 
campaigns  witli  small  motor-driven  machines,  which  have 
helped  to  instill  confidence  in  electrically-driven  units. 

2 — The  manufacturers  of  these  labor-saving  devices,  or 
other  machines  using  small  motors,  have  made  a  very  careful 
analysis  of  the  various  conditions  to  be  met.  They  have  devel- 
oped machines  of  all  descriptions  to  do  the  ma.ximum  amount 
of  work  with  the  minimum  amount  of  expense.  They  pay  par- 
ticular attention  to  their  customers  and  see  that  they  buy  the 
outfit  best  suited  to  their  requirements.  They  have  also  spent  a 
good  deal  of  time  and  gone  to  considerable  trouble  and  expense 
in  selecting  suitable  dealers  and  jobbers,  as  well  as  competent 
salesmen,  to  present  their  product  to  the  public.  The  results 
obtained  have  certaiidy  warranted  this  step,  since  the  public 
today  know  when  they  buy  a  small  motor-driven  device 
equipped  with  a  motor  of  rejiutable  manufacture  that  they  can 
rely  on  the  successful  operation  of  the  complete  unit. 

3 — The  motor  manufacturers  have  developed  a  large  variety 
of  sizes  and  types  of  small  motors  to  meet  the  specific  require- 
ments of  the  various  devices  and  machines  to  be  driven,  as  well 
as  motors  of  voltage  and  frequency  for  any  commercial  cir- 
cuit. This  has  been  done  at  a  large  expenditure  of  time  and 
money.  The  larger  manufacturers  of  small  motors  maintain  a 
large  corps  of  engineers  who  spend  all  their  time  in  analyzing 
the  various  applications  and  designing  and  adapting  motors  to 
meet  their  requirements. 

Today  small  motors  are  built  for  all  classes  of  ser- 
vice and,  with  the  ntimerous  types  and  sizes  of  these 
labor-saving  devices,  naturally  coiue  varied  conditions 
to  be  met.  In  many  cases  these  conditions  are  extremely 
exacting  and  re(|uire  motors  of  peculiar  characteristics. 
For  instance,  adding  machines  rc(|uirc  motors  of  prac- 
tically noiseless  operation,  motors  for  pressure  [lumps 
require  exceptionally  high  starting  torcjuc,  while  elec- 
trically-driven drills  reiiuire  motors  with  a  high  maxi- 
mum or  pull-out  torcjue. 

In  general,  small  motors  are  purchased  in  ([uantities 
to  drive  some  particular  type  of  machine,  and  in  such 
cases  the  manufacturers,  desiring  to  insure  the  user  as 
well  as  the  manufacturer  of  the  machine  or  device,  make 
a  specialty  of  having  an  engineer  analyze  and  test  the 
application  aitd  recommend  motors  with  suitable  elec- 
trical and  mechanical  characteristics. 

Considerable  advertising  has  been  done  both  by 
manufacturers  of  motors  and  of  inotor-driven  apparatus 


offices.  Generally  speaking,  there  is  practically  no  limit 
to  the  apjilication  and  use  of  the  small  motor,  but  the 
largest  numbers  of  these  small  motor-driven  machines 
are  ttscd  in  the  home,  office,  store  and  facturw 


THE    HOME 


Many  homes  have  successfully  solved  the  servant 
problem  by  the  installation  of  small  motor-driven  de- 
vices.   Perhaps  in  no  other  field  is  the  application  of  the 


FIG.    I — I'RKSSURE  TYPE   PUMP,    MOTOR   DRIVEN,   KOR   HOUSEHOI.U   USE 

small  motor  so  largely  developed  as  to  that  of  domestic 
labor-saving  devices.  Many  thousand  small  motors  are 
sold  yearly  to  drive : — 


Washing  machines. 
Ironing  machines, 
Vacuum  cleaners. 
Ice  cream  freezers, 
Dish  washers, 


Water  pumps  (pressure  tj'pe). 
Sewing  machines, 
Refrigerating  outfits, 
\'eiUilating  outfits. 
Huffing  and  grinding  outfits. 


The  use  of  the  small  motor-driven  device  eliminates 
to  a  large  extent  the  drudgcr\-  of  housekeeping  and 
greatl)'  decreases  the  time  necessary  to  do  the  work.  It 
also  reduces  to  a  minimum  the  necessity  of  additional 
help,  while  the  initial  as  well  as  the  operating  costs  are 
comparatively  low. 

THE    OFFICE 

The  general  trend  towards  increased  office  efficiency 
has  developed  a  very  large  and  desirable  field  for  the 


as  well  as  by  dealers,  and  the  net  result  is  that  the  small     small  inotor-driven  machine.     It  is  practically  impos- 
motor-driven    outfit    is    accepted    as    an    indispensable     sible  to  go  into  an  office  of  any  size  and  not  find  some 


THE    ELECTRIC   JOURNAL 


183 


small  motor-driven  device.     Among  the  most  common 
and  successful  are : — 

Adding  machines.  Tabulating  machines, 

Letter  sealers.  Letter  openers. 

Addressing  machines.        Duplicating  machines. 
Dictaphones. 

There  are  many  others,  such  as  stamp  canceling  and 
coin-counting  machines,  found  in  offices  of  a  certain 
type.  The  principal  reason  these  machines  are  so  popu- 
lar can  best  l)e  found  on  the  credit  side  of  the  balance 


FIG.    2 — MOTOR-DRIVEN    COLLAR    AND    CUFF    IROXER 

sheet.  In  numerous  cases  machines  of  the  above 
description  have  paid  for  themselves  many  times  in  a 
year  by  doing  more  work  and  doing  it  accurately. 

THE    STORE 

The  merchant  of  the  present  day  is  brought  face  to 
face  with  rigid  legislation  in  regard  to  pure  food,  sani- 
tation, minimum  wage  scale,  the  demand  of  the  public 
for  service,  and,  in  general,  the  high  cost  of  living.  To 
successfully  combat  these  conditions  he  finds  it  neces- 
sar}'  to  install  labor-saving  machines.  The  small  motor- 
driven  machine  manufacturer  is  again  in  evidence  in 
having  foreseen  these  conditions  (maybe  through  the 
eyes  of  the  merchant),  and  is  on  the  job  with  efficient, 
attractive  antl  applicable  apparatus  at  a  comparatively 
low  initial  as  well  as  operating  cost.  These  outfits  are 
rot  only  productive  employees,  but  additional  advertis- 
ing features  as  well,  since  they  are  attractive,  sanitary 
and  effective  selling  agents.  The  clerk  is  also  free  to 
interest  the  customer  in  additional  purchases  or  he  can 
sell  to  more  customers. 

Some  of  the  motor-driven  devices  in  evidence  on  all 
sides  in  the  modern  store  are  as  follows : — 


Coffee  mill. 
Meat  chopper. 
Coffee  roaster. 
Peanut  roasters. 
Pop  corn  poppers, 


Meat  slicing  machines, 
Candy  pulling  machines. 
Advertising  novelties, 
Soda  water  carbonators. 
Buffing  and  grinding  outfits. 


THE    F.\CT0RY    AND    THE    INDUSTRIES 

There  are  many  applications  of  the  small  motor  to 
various  machines  used  in  the  factory,  but  perhaps  the 
most  noticeable  is  the  electric  drill,  .\lmost  every  fac- 
tory has  ideal  applications  for  this  tool,  and  it  is  used 
extensively.  Many  small  machine  tools,  both  metal  and 
wood-working,  are  also  driven  by  small  motors,  while 
many  industries  such  as  the  following  use  them  exten- 
sively : — 


Laundries, 

Dairies. 

Bakeries. 


Small  printing  plants, 
Book  binding  plants, 
Confectioners. 


They  are  also  used  to  operate  many  delicate  labora- 
tory instruments  and  in  railway  signal  service. 


APPLICATION 

Small  motor  applications  may  be  described  as  falling 
into  four  well-defined  classes,  depending  upon  the  oper- 
ating period  and  the  variations  in  load  : — 

1 — Continuouslj'  operating  motors  with  approximately  con- 
stant load : — For  example,  ventilating  outfits,  forge 
blowers. 

2 — Continuously  operating  motors  with  varying  load  : — For 
example,  most  adding  machines,  sign  flashers. 

3 — Intermittently  operating  motors  with  approximately  con- 
stant load : — For  example,  coffee  mills,  coffee  and  peanut 
roasters,  automatic  piano  players. 

•4 — Intermittently  operating  motors  with  varying  load  : — For 
example,  washing  machines,  vacuum  cleaners,  water 
pumps,  pressure  type. 

Before  deciding  upon  the  specifications  of  a  motor 
for  a  quantity  of  a  certain  type  and  size  machine,  sam- 
ples of  the  machines  should  be  thoroughly  tested  with 
a  motor  under  actual  working  conditions  to  determine 
the  required  effort  or  torque  for  both  starting  and 
running. 

TESTS 

Since  the  split-phase,  no-volt,  60-cycle,  single-phase 
motor  is  used  to  a  greater  extent  than  any  other  small 
motor,  we  will  assume  that  the  application  is  to  be  based 


Ventilating  outfits. 


FIG.   3 — THE    SMALL    MOTOR    IN    THE   OFFICE 

Driving  an  adding  machine. 

upon  the  tests  taken  with  this  type  of  motor.  Readings 
should  be  taken  of  volts,  ani])eres,  watts,  speed  of  motor, 
speed  of  driven  machine  at  various  loads,  paying  par- 
ticular attention  to  the  normal  and  maxmum  load  con- 
ditions. Starting  conditions,  cycle  of  operation,  length 
of  operating  period,  method  of  drive  and  peculiar  me- 
chanical conditions  should  be  thoroughly  analyzed. 
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Starting  Torque — The  torque  required  to  start  the 
machine  under  normal  and  maximum  conditions  should 
be  determined.  This  can  best  be  obtained  by  reducing 
the  voltage  applied  at  the  motor  terminals  to  a  point 
where  the  motor  will  just  start  and  bring  the  load  up 
to  speed.  These  tests  should  be  made  several  times  and 
care  taken  to  obtain  the  maximum  starting  load  position 
of  the  machine.  The  torque  can  then  be  measured  by 
means  of  a  Prony  brake  and  a  pair  of  scales,  by  simply 
measuring  the  locked  torciue  of  the  motor  at  the  voltage 
obtained  above.  The  tor(|ue  thus  olitaincd  will  be  that 
re(|uired  to  start  the  machine,  and  should  be  expressed 
in  ounces  at  one-foot  radius. 

Maxiniuni  Torque — The  torque  required  for  maxi- 
mum load  conditions  should  be  determined.  This  can  be 
obtained  in  most  cases  by  reading  the  volts,  amperes, 
watts,  and  speed  both  of  motor  and  machine  under 
maximum  load  and  substituting  a  brake  test  at  the  input 
ol)taincd.  Some  machines  have  maximum  peak  loads  of 
such  short  duration  that  it  is  practically  impossible  to 
take  the  above  readings  accurately.  In  such  cases  the 
voltage  should  be  reduced  to  the  point  where  the  motor 
will  just  develop  enough  tonjue  to  carry  the  machine 
over  the  maximum  load  conditions.  By  substituting  a 
brake  and  taking  the  maximum  or  i)ull-out  torque  of  the 
motor  at  the  above  voltage  the  maximum  torciuc  is  deter- 
mined and  should  be  ex])ressed  in  omices  at  one-foot 
radius. 

Temperature — The  temperature  rise  of  the  motor 
should  be  determined  for  the  normal  operating  load,  and 
at  the  same  time  the  overload  conditions  and  possible 
temperature  rise  taken  into  careful  consideration.     The 


METHODS    OF    DRIVE 

The  method  of  drive  determines  largely  the  speed 
of  the  motor,  the  mechanical  construction  of  the  bear- 
ings, as  well  as  the  mechanical  dimensions  of  the  frame. 
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no.    4 — THE    SMAI.I,    MOTOR    IN    Till      IKiMi; 

OpcratinK  a  typical  liomc  wasliiiig  machine. 

temperature  rise  can  best  be  determined  by  making  a 
heat  riin  on  the  motor  in  connection  with  the  driven  ma- 
chine under  load.  This  method  gives  more  nearly  the 
actual  operating  temperatures.  However,  where  this 
method  is  not  feasible  the  load  temperature  test  on  the 
motor  may  be  taken  in  some  more  convenient  wav  and 
still  approach  operating  conditions. 


FIC.    5 — MOTOR-DRIVEX    SEWIXC    MACHI.NE 

Bell — Where  round  or  flat  behs  are  used,  the  ratio  of 
pulleys  should  be  such  that  the  motor  i)ulley  will  be  of  normal 
size.  The  distance  between  pulley  centers  should  be  great 
enough  to  eliminate  excessive  belt  tension  or  an  idler  pulley 
should  be  used.  Small  motor  pulleys  and  short  belt  centers  arc 
sometimes  used  successfully  on  very  small  machines  where  the 
load  is  comparatively  light,  but  ordinarily  idler  pulleys  are 
desirable  where  tlic  pulley  ratio  is  large  and  the  distance  be- 
tween belt  centers  small. 

Spur  Gear — Numerous  small  motors  are  connected  to  the 
devices  by  means  of  spur  gears.  This  gives  a  very  positive 
drive  and  excellent  results  are  obtained.  In  general,  it  is  desir- 
able to  keep  the  gear  ratio  five  to  one  or  less,  but  some  small 
motor-driven  machines  use  successfully  gear  ratios  consider- 
ably in  excess  of  this.  A  careful  analysis  should  be  made  of 
the  application  before  gear  ratios  exceeding  the  above  are  used. 

iJi'iv/  Gears — If  the  motor  drives  the  machine  through  bevel 
gears  the  best  results  on  small  machines  seem  to  be  obtained 
where  a  ratio  of  two  to  one  is  not  exceeded  However,  in  some 
cases  ratios  as  high  as  3.5  to  one  have  been  used  successfully. 
This  drive  is  positive,  and  there  is  an  opportunity  for  thrust  on 
the  rotor  that  should  be  watched. 

Silent  Cliain — If  large  reductions  in  speed  and  only  a  short 
space  between  motor  shaft  and  machine  shaft  is  available  a 
silent  chain  drive  may  work  admirably,  since  large  ratios  of 
sprockets  and  short  chain  centers  are  permissible  This  makes 
a  very  good  positive  drive. 

Worm  Gear — Worm  gear  drive  is  used  extensively  and 
large  reductions  in  speed  are  obtained.  Where  this  drive  is 
encountered  care  should  be  taken  to  see  tliat  the  worm  thrust 
is  properly  taken  care  of.  In  general,  the  worm  should  have 
its  own  thrust  bearings.  These  bearings  should  be  large  enough 
to  take  a  thrust  equal  to  the  maximum  torque  of  the  motor. 

Friction — Where  friction  drive  is  used  careful  measure- 
ments of  the  thrust  on  the  motor  shaft  should  be  made.  If  any 
thrust  is  found  it  may  be  necessary  to  equip  the  motors  with 
thrust  bearings.  This  method  of  drive  is  used  largely  where  it 
is  desirable  to  get  an  adjustable  speed  with  a  constant  speed 
motor  : — For  example,  moving  picture  machines. 

Direct  Connection — When  motors  are  to  be  directly  con- 
nected to  the  load  the  method  of  mounting  should  be  noted,  the 
distance  between  center  line  of  shaft  and  base  should  be  defi- 
nitely determined  and  the  amount  of  permissible  variation  speci- 
fied;  the  distance  from  center  line  of  motor  to  end  of  shaft 
extension,  the  length  and  diameter  of  the  shaft  extension  should 
be  determined  and  whether  or  not  the  motor  has  to  take  care 
of  any  thrust.  This  method  of  drive  is  being  used  with  excel- 
lent results.  Sometimes  rigid  couplings  are  used,  but,  in  gen- 
eral, flexible  couplings  are  desirable. 

MOUNTING 

The  method  of  mounting,  the  method  of  drive  and 
the  location  of  the  motor  in  respect  to  the  machine 
should  be  analyzed.  It  should  be  mounted  accurately 
with  respect  to  dimensions  between  center  line  of  shaft 
and  base,  and  as  to  whether  the  space  allotted  to  the 
n-otor  will  be  sufficient.  Further  investigation  should 
be  luade  as  to  what  method  of  drive  will  be  used — this 
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will  determine  to  a  large  extent  how  the  motor  is 
mounted — and  also  as  to  whether  the  motor  is  to  be 
arranged  for  floor,  wall  or  ceiling  suspension. 

CHOICE    OF    MOTOR 

Alternating-Current  Single  Phase  —  Having  deter- 
mined the  electrical  and  mechanical  characteristics  of 


FIG.  6 — THE  SMALL   MOTOR   IN   THE   STORE 

Operating  a  coffee  grinder, 
the  motor  necessary  to  drive  the  machine  in  question 
successfully,  there  are  various  other  features  to  be  taken 
into  consideraticin  before  definitely  recommending  a 
motor.  An  allowance  must  be  made  for  variations  in 
voltage,  since  the  torque  at  starting  varies  approxi- 
mately as  the  square  of  the  voltage,  as,  on  account  of 
light  wiring  or  insufficient  transformer  capacity,  the 
voltage  of  many  circuits  drops  considerably  at  times, 
particularly  at  starting.  This  voltage  may  drop  to  pos- 
sibly 80  percent  of  its  rated  value  at  which  the  starting 


FIG.   7 — THE   S.\I.\LL   MOTOR  IN   THE   FACTORY 

Operating   a   portable   electric   drill, 
torque  of  the  motor  is  approximately  only  64  percent  of 
the  torque  at  full  voltage.     For  this  reason  motors  used 
to  drive  machines  from  indiscriminate  lighting  circuits 
should  be  selected  for  worst  possible  starting  conditions. 

No-Clutch  Motors — Under  light  load  starting  conditions 
and  where  the  motor  runs  for  long  periods  of  time  under  con- 
stant load,  no-clutch  motors  should  be  used.  Motors  rated  one- 
sixth  horse-power  and  below  are  usually  built  without  clutch 
since  high  starting  torques  are  obtained  without  objectionable 
starting  current. 


Clutch  Motors — Clutch  motors  are  built  so  that  the  rotor 
revolves  upon  the  shaft  at  starting;  then  at  nearly  full  speed 
the  clutch  operates  automatically  and  engages  the  shaft,  which 
picks  up  the  load  smoothly  and  without  shock.  This  type  of 
motor  develops  practically  maximum  torque  at  starting  and 
takes  less  starting  current,  the  latter  being  also  of  shorter  dura- 
tion than  in  the  no-clutch  motors.  Where  liigh  starting  torque 
is  required  it  is  advisable  to  use  clutch  type  motors.  The  max- 
imum torque  of  the  motor  selected  must  be  sufficient  for  the 
worst  load  conditions  to  which  the  machine  will  probably  be 
subjected  with  a  voltage  at  least  ten  percent  below  normal  rated 
voltage. 

Repulsion  Induction  Motors — Repulsion  induction  motors 
should  be  applied  where  the  initial  starting  torque  is  very  high 
and  the  torque  drops  off  very  rapidly  during  acceleration  so 
that  at  the  instant  of  change  over  from  repulsion  to  induction 
the  torque  does  not  exceed  a  small  fraction  over  full-load 
torque.  A  typical  application  for  this  type  of  motor  is  a  deep 
well  pump. 

Direct-Cnrrent  Motors — Having  obtained  the  charac- 
teristics of  the  alternating-current  motor,  the  direct- 
current  motor  should  be  selected  having  as  nearly  the 
mechanical  characteristics  as  possible. 

Shunt  Motors — If  the  motor  starts  with  light  load  and 
should  run  at  practically  constant  speed  with  constant  or  varia- 
ble load,  shunt  motors  should  be  used. 

Compound  IVound — If  motors  require  high  starting  or 
maximum  torque  and  a  slight  variation  in  speed  with  variations 


FIG.    8 — TYPICAL    REPULSION    INDUCTION    MOTOR 

in  load  is  permissible,  compound-wound  motors  should  be  used. 
Usually  motors  below  one-eighth  horse-power  can  be  supplied 
shunt-wound. 

Scries  li'ound — Where  exceptionally  high  starting  torque  is 
required,  where  the  load  is  constant  or  where  a  large  variation 
in  speed  witli  a  small  variation  in  load  is  permissible,  series- 
wound  motors  can  be  used.  Series  motors  should  always  be 
connected  to  the  load  through  a  positive  drive. 

Universal  Motors — The  so-called  universal  motors 
are  designed  to  run  on  either  alternating  or  direct  cur- 
rent and  have  series  motor  characteristics.  These 
motors  are  high  speed  and  used  almost  exclusively  on 
small  fan-type  vacuum  cleaners  and  portable  electric 
drills. 

Open  or  Enclosed  Motors  and  Temperature  Ratings 
— H  the  motor  is  to  be  used  in  a  damp  or  dirty  place,  or 
where  it  may  be  subjected  to  water,  acid  fumes,  sand, 
etc.,  it  is  desirable  to  have  it  enclosed.  If  it  is  to  be  of 
the  open  type  it  should  preferably  be  mounted  w'here  it 
gets  the  maximum  amount  of  ventilation. 

If  motors  are  for  continuous  operation  at  constant 
load  they  should  be  rated  on  a  constant  temperature 
basis;  otherwise  they  will  probably  have  intermittent 
ratings.  All  temperature  ratings  should  be  in  accord- 
ance with  the  standardization  rules  of  the  American 
Institute  of  Electrical  Engineers. 


Electrically-Operated  Lime  Plants 


J.    E.    FoRGY 

Chief  Engineer, 
Charles  Warner  Company 


THE  alternating-current  motor  is  ideally  suited 
to  the  needs  of  the  lime  manufacturer,  as  the 
units  of  power  are  small,  isolated  and  must 
operate  with  little  attention,  under  dusty  and  severe 
conditions.  The  general  appearance  of  a  lime  plant 
may  be  gathered  from  Fig.  i,  which  is  a  view  of  part 
of  the  Cedar  Hollow  plant  of  the  Charles  Warner  Com- 


circuits.  These  are  so  arranged  that  the  wattmeters  will 
show  the  individual  consumption  of  each  main  manu- 
facturing operation,  and  in  this  way  a  true  monthly  dis- 
tribution of  power  is  obtained. 

Two  motor-generator  sets  of  25  and  75  kw  capacity 
supply  direct-current,  220  volt  service  for  sewing  ma- 
chines,  box    car   loader,    locomotives   and   hoists.      An 
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iiG.    I — GENEKAl,  VIEW   UK  A   I.IMK  FI.ANT 


pany,  of  Wilmington,  Pliiladel]jhia  and  New  York.  This 
plant,  with  two  batteries  of  kilns,  is  situated  in  Chester 
County,  Pa.,  a  region  which  abounds  in  high-grade 
magnesian  limestone. 

POWER  SUl'I'LY  AND  KLliCTKlC.^L  EQUIPMENT 

For  many  years  the  plant  was  operated  by  direct- 
current  motors,  the  company  generating  its  own  power. 
Recently,  however,  a  large  central  station  made  an 
attractive  offer  and  it  was  decided  to  abandon  the  power 


I'IC.  2 — sunsTATinx   i;oiii;.,         li  jvi.  im.ant 

Showing  switchboard,  motor-generator  sets,  air  compressor 
and  fire  and  service  pumps. 

plant  and  at  the  same  time  to  take  advantage  of  the  con- 
venience and  operating  sim])licity  of  the  alternating- 
current  motor. 

A  three-phase,  60  cycle,  13  500  volt  transmission  line 
brings  the  power  to  a  transformer  tower  located  just 
outside  of  the  substation.  Here  the  voltage  is  reduced 
to  440  volts  and  is  led  into  the  station  to  the  switch- 
board, shown  in  Fig.  2,  and  distributed  to  the  various 


Ingersoll-Rand  air  comjiressor  is  driven  liy  a  75  horse- 
power alternating-current  motor  ami  furnishes  com- 
j)ressed  air  for  the  rock  drills  and  other  uses  around 
the  plant.  Service  and  fire  pum])s  are  shown  in  the 
background  in  Fig.  2  and  are  all  geared  to  their  driving 
motors. 

MANUFACTURING    PROCESS 

The  process  of  manufacture  of  lime  at  the  Cedar 
Hollow  jjlaiU  is  as  follows: — After  the  stone  has  been 


l-IG.  3 — FRUIGHT  CAR-I.OAI1INC   EQUIPMEXT  AND  AUTOMATIC 
DfMPIXG  CAR 

quarried  in  jiieces  of  one-man  size  it  is  loaded  into  sinall 
steel  cars  and  then  hauled  in  trains,  either  by  electric 
trolley  locomotive,  storage  battery  locomotive  or  horse, 
to  the  foot  of  the  kiln  inclines.  Here  a  cable  is  attached 
and  the  cars  are  hoisted  to  the  top  of  kilns  and  the  stone 
is  dumped.  It  takes  about  ~2  hours  for  the  stone,  which 
is  largely  com])osed  of  calcium  carbonate,  to  pass 
through  the  kilns  and  become  lime  by  having  the  carbon 
dioxide  driven   off  b\-   heat,  leaving  the   more  or  less 
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pure  calcium  oxide.  At  the  end  of  this  time  the  lime 
is  drawn  into  automatic  dumping  cars,  one  of  which  is 
shown  at  the  right  in  Fig.  3.  At  the  upper  battery  of 
kilns   these   cars   are   then   hauled   to   the    foot   of   the 
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110.    4 — BUILDING    FOR    HANDLING    THE    COMPLETED    LIME 

Including  cooling  bins,  elevating  conveyors,  screens  and 
car-loader. 

incline  shown  at  the  left  in  Fig.  4 ;  a  cable  is  attached 
here,  they  are  hauled  up  and  the  hot  lime  is  dumped 
into  the  cooling  bin,  which  has  a  capacity  of  about  400 
tons,  and  in  which  the  lime  is  allowed  to  remain  for 
24  hours. 

At  the  lower  battery  of  kilns  a  portable  conveyor  is 
used  to  convey  the  hot  lime  from  the  kilns,  a  distance  of 
about  25  feet,  to  the  cars.  This  conveyor,  shown  in 
Fig.  5,  is  motor  driven.  A  series  of  plug  contacts  are 
arranged  along  the  kilns  to  allow  the  motor  to  be  con- 
nected at  any  point.  A  42-inch  pan  conveyor  carries 
the  lime  from  the  discharge  openings  of  the  cooling 
bins  and  elevates  it  to  the  second  floor  of  the  loading 
section.  Here  it  is  screened  by  passing  over  a  pul- 
sating screen  with  2.5-inch  perforations,  and  the  "fines" 
drop  through  to  a  roll  crusher  and  then  to  a  belt  con- 
veyor. This  conveyor  finally  deposits  it  in  large  air- 
tight storage  bins  40  feet  in  diameter  and  40  feet  high. 


I'IG.   5 — PORT..\BLE   MOTOR-DRIVEN"    LIME  CONVEYOR    TOR 
FREIGHT    C.\R    LO.\DING 

These  bins  may  be  seen  in  the  center  of  Fig.  i.  The 
large  lumps  of  lime,  known  as  building  lime,  pass  from 
the  pulsating  screen  to  a  36-inch  wide  inspection  con- 
veyor, where  experienced  workmen  pick  out  any  dis- 
colored lime,  cinders  or  core. 


A  unique  application  of  motor  drive  is  shown  in 
Fig.  3.  The  apparatus  shown  in  the  center  is  a  Manierre 
box  car  loader.  After  a  box  car  has  been  placed  on  the 
track  scales  and  weighed,  the  loader  is  pushed  through 
the  car  door  and  pointed  in  either  direction.  The  work- 
man is  shown  with  his  hand  on  the  direct-current 
enclosed  motor,  which  drives  the  loader  by  means  of 
silent  chain  drive.  The  lime  comes  down  the  chute  as 
shown  and  falls  onto  the  loader  belt.  The  speed  of  the 
belt  can  be  varied  at  will,  as  well  as  the  elevation  of  the 
discharge  end,  so  that,  beginning  twelve  inches  from  the 
car  floor,  the  loader  can  be  gradually  raised  as  the  pile 
increases  until  the  roof  is  reached.  This  reduces  break- 
age of  the  large  lumps  to  a  minimum.  The  scale  arm 
of  the  track  scales  is  electrically  connected,  so  that  the 
instant  the  desired  weight  is  obtained  a  bell  rings  and 
the  operator,  by  means  of  push-button  control,  stops  the 
loader  without  moving  from  his  position.  A  car  of  20 
tons  can  be  loaded  in  forty  minutes,  and  an  average  of 
sixteen  cars  per  day  can  be  easily  maintained. 


FIG.  6 .\UXILIAKV    I, III    II'MI   \l 

Including  line  switches,  ammeters,  overload  relays  and  auto- 


starters. 


The  fine  lime  which  has  been  placed  in  the  40-foot 
steel  tanks  is  withdrawn  by  means  of  a  belt  conveyor 
located  in  a  tunnel  under  the  tanks,  and  by  means  of 
elevators  and  conveyors  is  carried  to  a  "hammer  mill." 
This  mill  is  driven  by  a  50  horse-power  alternating- 
current  motor,  and  reduces  15  tons  of  lime  per  hour  so 
that  all  will  pass  a  ten-mesh  sieve.  This  Hme  is  now 
known  as  "ground"  lime,  and  in  this  form  is  either 
sacked  on  Urschel-Bates  automatic  machines  to  be  sold 
for  agricultural  purposes  or  is  sent  to  the  hydrating 
department.  In  this  department  carefully  proportioned 
quantities  of  lime  and  water  are  mixed  in  Clyde 
hydrators,  forming  calcium  hydroxide,  and  after  hydra- 
tion is  complete,  the  slacked  lime  is  conveyed  to  large 
aging  bins.  From  these  bins  it  is  carried  to  Raymond 
air  separators,  which  automatically  reject  coarse  and 
impure  particles,  and  finally  the  finished  product,  known 
as  "limoid,"  is  either  bagged  for  shipment  or  sent  to 
storage  in  bulk. 
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All  motors  of  any  size  are  equipped  with  ammeters, 
as  shown  in  Fig.  6,  so  that  the  operator  can  tell  whether 
his  machinery  is  in  good  operating  shape.  Many  times 
a  motor  will  be  blamed  for  troubles  which  are  due  to 
the  machinery  it  is  driving,  and  an  ammeter  in  circuit  at 
all  times  is  a  sure  indicator  of  the  whereabouts  of  any 
trouble. 

The  unit  system  of  driving  is  used  wherever  pos- 
sible. Two  75  and  one  50  horse-power  alternating- 
current  motors  so  arranged  are  shown  in  Fig.  7,  which 
also  gives  an  idea  of  the  severe  dust  conditions  under 
which  the  motors  ojjcrate.     It  must  also  be  remembered 


IK..   7— Al.lKRN.XTINC-CURRENT    MOTOR   EQUIP.MKNT 

The  thick  coating  of  lime  dust,  which  is  of  a  decidedly 
caustic  nature,  indicates  the  conditions  to  which  these  motors 
are  continuously  subjected. 


Fir..  8 — .X   PORT.Mil.K   MOTOR-URIVE.N'   PUMPING    U.MT  I-UR   USE 
IN    CENER.\L    QUARRY    WORK 

that   lime  is   strongly  caustic,  and  only   the  very   best 
apparatus  should  be  used. 

The  flexibility  of  motor  drives  is  well  illustrated  in 
Fig.  8.  Here  the  pump  is  being  used  to  drain  a  new 
quarry  while  it  is  being  developed.  It  is  necessary  to 
move  the  pump  as  the  quarry  hole  develops,  but  no 
trouble  is  experienced  on  this  account,  as  the  motor  and 
pump  are  mounted  on  a  common  base  and  the  flexible 
motor  leads  can  be  readily  connected  for  any  desired 
location  of  the  pumping  unit. 


The  Care  of  Transformer  Oil 

C.  S.  Lawson 

Transformer  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 

THE  PRESENT  DEVELOPMENT  of  high  voltage  transmission  systems  in  general  and  high  voltage 
transformers  in  particular  is  made  possible  by  the  high  dielectric  strength  of  transformer  oil.  Since  the 
first  transmission  system  of  10  000  volts  was  installed  in  1892,  transmission  voltages  have  increased  until 
today  150000  volts  has  been  reached.  Without  such  a  medium  as  transformer  oil,  the  high  voltage  trans- 
formers as  built  today  would  be  impossible. 


Oil.  IS  USED  as  an  insulating  and  cooling  medium 
in  transformers,  oil  switches  and  electrolytic 
h'ghtning  arresters.  Since  the  successful  opera- 
tion of  this  apparatus  depends  so  largely  on  the  oil,  too 
much  attention  cannot  be  paid  to  its  selection  and  care. 
Mineral  oil  has  been  found  to  have  the  necessary  quali- 
ties, is  stable  chemically  at  operating  temperatures,  is 
cheap,  and  for  these  reasons  has  been  universally 
adopted  for  oil  transformers. 

The  main  points  to  be  considered  in  the  selection  of 
transformer  oil  are  : — 

Dielectric  strength. 
Flash  point, 
Viscosity, 
Sludging. 

Of  these  the  dielectric  strength  pertains  to  the 
insulating  properties,  the  flash  point  to  safety  in  opera- 
tion, and  viscosity  and  sludging  to  the  efficiency  as  a 
cooling  medium.  Other  qualities  to  be  considered  are 
specific  heat,  coefificient  of  expansion,  and  chill  point. 
Oil  of  high  specific  heat  will  absorb  heat  from  the  wind- 


ings and  give  it  up  to  the  cooling  surface  more  (juickly 
than  oil  of  low  specific  heat,  and  will  also  have  greater 
heat  storage  capacity.  Oil  with  a  high  coefficient  of 
expansion  will  circulate  faster,  and  in  this  manner  will 
be  more  efficient  as  a  cooling  medium  than  oil  with  low 
coefiicient  of  expansion.  Low  chill  point  is  desirable  for 
transformers  subjected  to  low  temperature. 

In  order  to  have  high  dielectric  strength,  oil  must  be 
free  from  water,  sediment,  acids,  alkalies,  sulphur,  sul- 
phur compounds,  and  other  impurities.  The  process  of 
refining  removes  acids,  alkalies,  sulphur  and  sulphur 
compounds,  and  if  the  necessary  precautions  in  hand- 
ling and  operating  are  observed  there  is  not  much 
chance  of  trouble  from  these  impurities.  For  instance, 
the  commercial  grades  of  rubber  contain  sulphur,  so 
rubber  should  not  be  used  for  insulation  on  any  part  of 
a  transformer  that  comes  in  contact  with  the  oil.  The 
use  of  acids  in  soldering  terminals  or  connections  should 
be  avoided. 

The  usual  cause  of  low  dielectric  strength  in  oil  is 
water.     Four  parts  of  water  in  10  000  will  reduce  the 
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dielectric  strength  to  about  one-half  that  of  dry  oil.  It 
seems  almost  impossible,  no  matter  what  precautions 
are  taken,  to  prevent  water  from  getting  into  a  trans- 
former or  into  the  oil  at  some  time  or  other.  Most 
insulating  materials  are  fibrous  and  will  absorb  moisture 
if  the  transformer  is  left  exposed  to  the  air  for  any 
length  of  time.  Leaky  or  improperly  lagged  water- 
cooling  coils,  exposure  of  transformer  to  weather  during 
shipment  or  from  open  windows  after  installation,  im- 
properly installed  bushings  or  covers  on  outdoor  trans- 
formers, sweating  and  breathing  of  transformers  or  oil 
storage  tanks  due  to  changes  in  temperature,  are  some 
of  the  sources  by  which  water  may  get  into  the  oil.  It  is 
needless  to  say  that  all  precautions  should  be  taken  to 
eliminate  such  sources  of  trouble. 

The  fibrous  nature  of  insulating  materials  limits  the 
temperature  to  which  a  transformer  may  be  subjected 
without  danger  of  injury,  and  this  in  turn  limits  the 
temperature  of  the  oil.  The  A.  I.  E.  E.  rules  covering 
this  point  give  90  degrees  C.  as  the  maximum  operating 
temperature  of  oil  in  a  transformer.  The  flash  point 
should  be  high  enough  above  the  maximum  operating 
temperature  to  insure  a  sufficient  factor  of  safety.  Be- 
fore oil  will  flash  it  must  be  heated  to  a  certain  tempera- 
ture, known  as  the  flash  point,  and  then  have  a  flame 
directly  applied  to  it.  In  the  normal  operation  of  a 
transformer  this  condition  is  not  liable  to  be  obtained. 

As  previously  stated,  viscosity  and  sludging  affect 
the  cooling  qualities  of  oil.  The  more  fluid  the  oil  the 
better  it  circulates  and  carries  the  heat  from  the  winding 
to  the  cooling  surface  of  the  tank  or  cooling  coils.  By 
"sludging"  is  meant  the  formation  of  sediment  due  to 
heating.  Sludge  or  sediment  increases  the  viscosity, 
forms  a  coating  on  the  windings,  clogs  the  ventilating 
ducts  and  thus  prevents  proper  cooling.  While  no  oil 
is  absolutely  free  from  sludging,  the  best  grades  of  oil 
are  practically  so. 

It  is  evident  that  since  the  chief  source  of  trouljle 
in  transformer  oil  is  due  to  moisture  and  sediment, 
every  effort  should  be  made — first,  to  prevent  the  en- 
trance of  moisture  and  the  accumulation  of  sediment, 
and,  second,  by  frequent  inspection  or  tests  to  determine 
the  condition  of  the  oil.  If  water  is  present  in  sufficient 
quantity  it  will  settle  to  the  bottom,  and  a  sample  drawn 
from  the  bottom  of  the  tank  will  show  it.  Another  test 
to  determine  the  presence  of  moisture,  when  no  other 
means  are  readily  available,  is  to  thrust  a  red-hot  nail 
into  a  sample  of  the  oil  under  test.  If  a  frying  or  crack- 
ling sound  is  heard  water  is  present;  if  only  a  hissing 
sound  is  heard  and  no  crackling,  the  absence  of  mois- 
ture is  indicated.  The  only  definite  way,  however,  to 
determine  whether  oil  contains  water  or  any  other  im- 
purity affecting  its  dielectric  strength  is  by  making 
voltage  break-down  tests. 

No  standard  method  of  testing  the  dielectric  strength 
of  oil  has  been  adopted  by  the  engineering  societies 
although  it  is  very  desirable  that  there  should  be  such  a 
standard.  .-\  testing  cup  devised  by  Mr.  C.  E.  Skinner 
is  shown  in  Fig.  i,  which,  in  the  writer's  opinion,  is  the 


most  scientific  instrument  that  has  been  used  for  this 
purpose.  The  electrodes  are  two  one-half  inch  diameter 
spheres  on  a  vertical  axis  eight  inches  below  the  surface 
of  the  oil.  The  gap  is  adjustable  by  means  of  a  microm- 
eter screw  at  the  top,  and  the  electrodes  may  be  set  for 
any  separation,  the  standard  separation,  however,  being 
0.15  inches.    The  cup  holds  200  c.c. 

There  are  a  number  of  testing  outfits  on  the  market 
for  making  dielectric  tests  on  oil.  The  outfit  usu- 
ally consists  of  a  testing  transformer  of  one  to  five 
k.v.a.  capacity,  stepping  up  from  no  or  220  volts  to 
50  000  volts,  with  a  rheostat  or  other  regulator  for  con- 
troUing  the  voltage.  The  oil  to  be  tested  is  poured  into 
the  test  cup  to  the  200  c.c.  mark,  thoroughly  stirred,  and 
then  allowed  to  stand  until  the  air  bubbles  disappear. 
The  gap  being  set  at  the  desired  separation,  the  voltage 
is  applied  and  gradually  increased  until  a  breakdown 
occurs.  It  is  advisable  to  make  a  number  of  tests  on 
each  sample,  ten  being  a  convenient  number,  from  which 
the  average   is   readily   obtainable.     Oil  tested  in   this 

manner  with  the 
gap  set  at  0.15 
inches  should 
show  an  average 
test  of  not  less 
than  30  000  volts. 
If  the  average 
break  is  b  e  1  o  w 
this  figure  the  oil 
should  be  viewed 
with  suspicion, 
and  if  b  e  1  o  w 
25  000  volts  it 
should  not  be 
used. 

If  oil  in  a 
t  r  a  n  s former  is 
found  to  contain 
an  injurious 
amount  of  mois- 
Fio.  I— OIL-TESTING  CUP  t  u  r  e.   immediate 

steps  should  be  taken  to  remove  the  moisture  or  else  to 
replace  the  wet  oil  by  oil  free  from  moisture.  A  num- 
ber of  ways  have  been  used  for  removing  moisture  from 
oil.  One  method  consists  in  heating  the  oil  slightly 
above  100  degrees  C,  the  water  being  driven  off  as 
vapor.  The  small  amount  of  oil  that  can  be  treated  in 
this  manner,  and  the  length  of  time  required  makes  the 
operation  very  tedious,  and  there  is  also  danger  of  injur- 
ing the  oil.  Another  method*  consists  in  dehydrating 
the  oil  by  forcing  it  through  unslaked  lime,  and  then 
through  sand  to  remove  the  lime  and  sediment.  The 
best  method  yet  devised,  however,  for  removing  water 
and  sediment  from  oil  is  by  use  of  the  blotter  or  filter 
paper  type  oil  filtering  outfit. 

It  has  been  found  that  if  oil  containing  moisture  is 
forced  through  filter  paper,  the  paper  will  absorb  the 
water  and  allow  the  oil  to  pass  through.    The  capillary 


♦Described  by  Mr.  S.  M.  Kintner  in  the  Journal,  Vol.  Ill, 
p.  583. 
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attraction  of  the  paper  for  water  is  greater  than  for  oil, 
and  in  consequence  the  water  is  absorbed.  This  may 
be  demonstrated  by  saturating  a  piece  of  blotter  with 
oil  and  putting  it  in  a  glass  of  water.  The  water  will 
drive  out  the  oil  and  cause  it  to  iloat  on  the  surface  of 
the  water.  Or  if  a  j)iece  of  oil-soaked  blotter  is  put  in 
a  glass  containing  oil  with  a  little  water  in  the  bottom, 
the  water  \\\\\  be  taken  up  by  the  blotter. 

It  is  on  this  principle  that  the  oil  filter  press  shown 
in  Fig.  2  is  based.  The  outlit  consists  of  a  filter  press, 
pumi),  motor,  drip  pan,  oil  strainer,  ])ressure  gage  and 
piping. 

The  liltcr  ])ress  ])ro])er  is  made  up  of  a  series  of  flat 
cast-iron  plates  and  frames,  Figs.  3  and  4,  assembled 
alternately  with  the  filter  or  blotting  jjajier  between 
them.  By  means  of  a  screw  and  lever  and  a  movable 
cast  iron  end  block,  the  plates,  frames  and  papers  are 
forced  tightly  together.  The  plates,  as  shown  in  Fig.  3, 
are  cast  with  small  pyramids  on  both  surfaces,  except 
for  a  rim  around  the  outside  edge,  which  serves  to  form 
a  joint   to  ])re\cnt   the  escape  of  oil.     The  plates  and 


FIG.  2 — Oir.-DRYINO  ANn  PURIFYING  OUTFIT 

franies  are  cast  with  holes  A  and  B  in  two  of  the  cor- 
ners, and  supporting  lugs  on  the  sides.  When  the 
plates  and  frames  with  the  filter  paper  between  them  are 
assembled,  the  holes  A  and  B  form  respectively  the 
inlet  and  outlet  for  the  oil.  Openings  a  and  b  connect 
respectively  with  holes  .  /  in  the  frames  and  holes  B  in 
the  ]ilates. 

The  oil.  entering  under  pressure  at  the  top  corner 
through  the  inlet  formed  by  the  holes  A  in  the  plates, 
frames,  and  filter  papers,  enters  by  means  of  the  opening 
a  in  the  frames  and  fills  each  of  the  chambers  formed 
between  each  set  of  two  filter  paper  packs.  From  these 
chambers  there  is  no  outlet,  and  the  oil  is  consequently 
forced  through  the  filter  papers  that  form  the  sides  of 
the  chambers.  The  filter  papers  thus  lake  up  the  mois- 
ture and  screen  out  all  sediment  from  the  oil.  After 
passing  through  the  paper  the  oil  fiows  along  the  grooves 
formed  by  the  pyramid  surface  to  the  opening  b  in  the 
corner  of  the  plates  and  thence  out  through  outlet  B. 
The  top  of  the  pyramids,  being  flush  with  the  rim 
around  the  outside  of  the  plates  and  spaced  close  to- 
gether,  support    the    filler   jiajjcr    against   the    working 
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[jressure,  and  the  grooves  readily  permit  the  oil  to  pass 
through. 

The  rate  of  filtering  depends  on  the  area  of  the 
lilter  surface.  .Appro.xinialely  1.5  square  feet  of  filter 
surface  is  required  per  gallon  |)er  miinile.  and  at  this 
rate  the  pressure  is  .somewhat  less  than  100  pounds.  .Vt 
constant  rate  of  flow  the  j)rcssure  increases  with  in- 
crease in  amount  of  water  and  sediment  taken  u])  by  the 
filter  paper.  The  pressure,  however,  should  not  run 
much  above  100  pounds  f)n  account  of  the  danger  of 
tearing  the  paper. 
The  a  mount 
l)ower  retpiired 
force  oil  through  the 
]i  r  e  s  s  is  normally 
about  o  n  e  -  s  i  -x  t  h 
horse-power  per  gal- 
lon per  minute. 

Tlie  lilter  paper 
used  is  a  special 
grade  of  white  blot- 
ting paper  about 
0.025  inch  tliick. 
prcjiared  from  wood 
pulp,  and  contains 
no  coloring  matter  or  chemicals  that  might  injure  the 
oil.  Five  sheets  cut  to  proper  size,  with  holes  punched 
in  the  corners  to  corres])ond  with  the  holes  in  the  lilier 
frames,  are  usefl  between  each  ])late  and  adjacent  frame. 

To  obtain  good  results  in  filtering  oil  it  is  necessary 
that  the  filter  jiaper  be  entirely  free  from  moisture. 
I-'iller  ])a])er  will  invariably  absorb  moisture  if  exposed 
to  the  air  for  any  length  of  time,  so  it  should  be  dried 
out  by  the  application  of  heat  before  being  used  in  the 
filter  press.  l'",lectrically-healed  ovens  l)uilt  especially 
for  drying  the  pajier  may  be  obtained  with  the  filtering 
outfit.  A  convenient  method  of  keeping  filter  paper 
after  it  has  been  dried  is  to  immerse  it  while  still  hot  in 
clean  oil  free  froiri  moisture,  and  kee])  it  there  until 
ready  to  use.  Filter  ]iaper  that  has  become  oil  soaked 
cannot  be  dried  out  on  account  of  the  danger  of  catching 
fire  from  sjiontane- 
ous  combustion. 

The  amount  of 
water  that  can  be 
absorbed  by  a  given 
amount  of  filter 
paper  is  limited,  so 
that  in  order  to  ob- 
tain the  best  results 
and  to  economize  in 
tiller  paper,  before 
filtering,  .all  water 
that     settles    to    the  '■'"■•  ^--mi-tkr  prkss  tR.\.\it 

bottom  should  be  drawn  ofi".  By  this  method  the  paper 
will  have  to  absorb  only  the  water  suspended  in  the  oil. 
which  is  a  very  small  percent,  something  like  one-lenth 
of  one  percent  or  less. 

The  best  and  quickest  method  of  filtering  a  quantity 
of  oil  is  to  pump  all  the  oil  from  the  tank  through  the 
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filter  and  into  another  tank  that  is  dry  and  clean.  If 
all  excess  water  is  drawn  off  and  the  filter  papers  have 
been  thoroughly  dried  one  passage  of  the  oil  through  the 
filter  will  bring  the  oil  up  to  standard.  If  an  injurious 
amount  of  moisture  still  remains  it  indicates  that  the 
filter  papers  have  absorbed  too  much  water  to  be  effec- 
tive and  must  be  renewed.  For  this  reason  frequent 
tests  of  dielectric  strength  should  be  made  during  opera- 
tion, and  if  any  falling  oft'  is  detected  the  papers  should 
be  changed.  No  rule  can  be  given  as  to  how  often  the 
filter  papers  should  be  changed,  as  this  depends  upon  the 
amount  of  wdter  and  sediment  in  the  oil.  The  usual 
procedure  is  to  run  the  outfit  for  a  period  of  one-half 
hour  or  so,  if  the  oil  is  not  in  very  bad  condition,  and 
then  shut  down,  remove  one  sheet  from  the  inlet  side  of 
each  set  of  filter  papers,  and  put  in  a  new  sheet  on  the 
outlet  side  of  each  set.  This  method  gives  good  results 
and  economizes  in  paper.  The  operation  may  be  con- 
tinued in  this  way  as  long  as  the  tests  of  dielectric 
strength  indicate  that  the  treatment  is  effective. 

If  a  second  tank  for  holding  the  filtered  oil  is  not 
available,  or  if  it  is  desired  to  filter  the  oil  of  a  trans- 
former while  in  service,  the  oil  may  be  pumped  from  the 
bottom  of  the  tank  through  the  filter  and  returned  to  the 
top  of  the  same  tank.  This  operation  should  be  con- 
tmued  until  the  oil  shows  a  sufficiently  high  dielectric 
strength.  When  filtering  the  oil  in  a  transformer  in 
service  the  pipe  returning  the  oil  to  the  transformer 
should  be  below  the  surface  of  the  oil  to  lessen  the 
danger  of  carrying  in  air  bubbles. 

A  peculiar  phenomenon  is  sometimes  observed  in  the 
operation  of  the  filter  press.  If  a  quantity  of  wet  oil 
is  being  filtered  and  dielectric  tests  of  the  filtered  oil  are 
made  at  intervals,  it  will  be  found  that  at  first  the  dielec- 
tric strength  will  be  high,  but  as  the  quantity  of  water 
taken  up  by  the  filter  paper  increases  there  will  be  a 
gradual  falling  oft"  in  the  dielectric  strength.  After  the 
papers  have  become  saturated  with  water  a  very  low 
dielectric  test  will  be  obtained.  If  the  operation  is  con- 
tinued after  this  point  is  reached  it  is  sometimes  found 
that  the  filtered  oil  will  show  a  high  dielectric  strength. 
If  the  tested  sample,  however,  is  allowed  to  stand  for 
some  time  water  will  settle  out  and  a  low  test  will  be 
obtained.  The  explanation  of  this  phenomenon  seems 
to  be  that  an  emulsion  of  water  and  oil  is  formed  which 
shows  a  high  dielectric  strength.  When  in  this  condi- 
tion the  oil  has  a  very  muddy  appearance  and  is  not 
transparent. 

The  oil-insulated  transformer  has  become  such  a 
reliable  piece  of  apparatus  that  there  seems  to  be  a 
tendency  on  the  part  of  a  few  operating  engineers 
almost  to  forget  them  after  they  have  once  been 
installed.  This  may  partly  be  due  to  the  fact  that  there 
are  no  moving  parts  to  get  out  of  order  and  constant 
attention  is  not  necessary.  Inquiries  recently  made 
among  a  number  of  power  companies  disclosed  the  fact 
that  a  few  of  them  make  no  pretense  of  systematic 
inspection  of  their  transformers;  others  make  occa- 
sional   inspection:    while    still    others    have    systematic 


methods  of  inspecting  and  record  keeping.  The  last 
liamed  class  have  found  that  the  old  adage,  "An  ounce 
of  prevention  is  worth  a  pound  of  cure,"  applies  to 
transformers  as  well  as  to  people,  and  that  systematic 
inspection  and  care  save  money  and  count  largely 
toward  continuity  and  reliability  of  service. 

The  best  engineering  practice  demands  regular  in- 
spection of  power  transformers  and  preservation  of  the 
records  of  such  inspection.  As  to  how  often  inspection 
should  be  made  depends  on  local  conditions  as  to  load, 
voltage,  whether  transformers  are  outdoor  or  indoor, 
seriousness  of  a  possible  breakdown,  etc.  On  an  average 
three  or  four  inspections  a  year  should  be  made. 

It  is  evident  that  the  main  point  to  be  considered  in 
the  inspection  of  a  transformer  is  the  condition  of  the 
oil.  A  sample  of  oil  should  be  drawn  from  the  bottom 
of  the  tank.  Care  should  be  taken  to  see  that  the  valve 
through  which  the  oil  is  drawn  and  all  receiving  vessels 
are  perfectly  dry  and  clean.  The  best  method  is  to 
draw  the  oil  into  a  properly  labeled  bottle  and  keep  it 
tightly  corked  until  ready  to  test.  If  there  is  no  valve 
at  the  bottom  through  which  oil  may  be  drawn,  a  pipe 
or  "sneak"  long  enough  to  reach  to  the  bottom  should 
be  used.  The  "sneak"  should  have  a  valve  or  stopper 
at  the  lower  end,  operated  by  string  or  otherwise,  so  that 
this  end  may  be  closed  while  the  pipe  is  being  lowered 
and  opened  after  reaching  the  bottom. 

If  the  oil  in  a  transformer  is  found  to  contain  an 
injurious  amount  of  moisture  it  is  probable  that  the 
insulation  of  the  windings  has  also  absorbed  water  and 
may  be  in  a  bad  condition.  In  this  case  insulation 
resistance  measurements  should  be  made  to  determine 
the  condition  of  the  windings,  and  if  found  to  be  bad 
the  transformer  should  be  dried  out  before  new  or 
filtered  oil  is  put  in.  The  insulation  resistance  test 
should  be  made  when  the  transformer  is  hot,  and  pref- 
erably with  a  megger. 

When  an  oil-insulated  transformer  breaks  down  in 
service  an  examination  of  the  oil  will  very  often  show- 
such  a  large  amount  of  carbonized  matter  in  suspension 
as  to  render  it  unfit  for  use  unless  it  is  filtered.  Oil  in 
which  a  transformer  has  broken  down  should  not  be 
used  without  being  filtered  unless  it  is  found  by  inspec- 
tion and  dielectric  tests  to  be  in  good  condition. 

No  well-regulated  power  company  using  oil- 
insulated  transformers  should  be  without  facilities  for 
testing  and  filtering  oil.  The  use  of  such  equipment  is 
an  insurance  against  trouble,  and  the  amount  of  bad  oil 
reclaimed  will  alone  soon  pay  for  the  equipment.  Oil 
filtering  outfits  may  be  obtained  in  capacities  up  to  about 
30  gallons  per  minute.  The  outfits,  even  the  largest  size, 
may  be  readily  transported  completely  assembled  from 
place  to  place  as  required.  It  is  not  necessary  that  the 
testing  outfit  be  portable,  as  it  is  usually  more  conve- 
nient to  carry  the  oil  samples  to  the  testing  outfit.  The 
testing  equipment,  however,  is  usually  not  too  bulky  and 
may  be  transported  if  desired.  Oil-filtering  outfits  of 
the  type  described  have  proved  their  usefulness,  and  are 
now  considered  as  standard  equipment  for  this  service. 
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THERE  ARE  a  few  applications  of  electricity  that 
are  worthy  of  more  than  passing  interest  owing 
to  the  peculiar  fact  that  they  have  either  loo  or 
zero  percent  efificiency.  At  first  thought  this  may  sound 
unusual,  and  indeed  it  is  not  of  frequent  occurrence. 
As  an  example,  however,  may  be  taken  a  heating  unit, 
which  surely  may  be  regarded  as  lOO  percent  efificicnt 
and,  in  contrast  to  this,  a  printing  press  where  the  out- 
put does  not  represent  energy  expended  and  all  the 
power  is  used  up  in  friction. 

In  most  motor  applications,  such  as  compressors  or 
hoists,  a  certain  amount  of  work  is  necessary  theoret- 
ically to  compress  the  air  or  lift  the  buckets  against  the 
force  of  gravity.  Added  to  this  is  the  loss  by  friction, 
the  sum  representing  the  total  power  necessary  to  drive 
the  apparatus.  It  will  be  evident  from  this  that  where 
the  power  requirements  are  made  up  of  the  sum  of  a 
definite  quantity  and  friction,  which  may  be  called  a 
more  or  less  indefinite  quantity,  any  variations  in  the 
value  of  the  friction  loss  will  have  only  a  minor  effect 
upon  the  power  requirements.  But  if  the  friction  is  all 
the  load,  the  power  requirements  will  vary  directly  with 
the  variations  in  friction.  It  is  this  fact  that  makes  the 
correct  application  of  motors  to  printing  presses  and 
similar  apparatus  difficult. 

THE    PRINTING    INDUSTRY 

The  total  capitalization  of  printers,  publishers  and 
lithographers  in  the  United  States  is  close  to 
$500000000,  while  the  total  output  per  year  is  valued 
at  about  $700  000  000.  From  this  it  will  be  seen  that  it 
is  by  no  means  an  unimportant  industry,  and  when  the 
considerations  of  educational  and  literary  advance 
through  its  channels  are  added  to  the  merely  economic 
side,  it  stands  in  the  first  rank. 

The  old  style  hand  press  of  Benjamin  Franklin  fame 
was  not  adapted  to  power  drive.  The  development  of 
the  steam  engine  and  its  introduction  for  shop  drive 
brought  about  radical  changes,  the  more  elementary 
forms  being  still  retained  in  the  simpler  types  of  job 
presses,  which  are  used  for  work  upon  a  single  sheet, 
such  as  letterheads,  placards  and  bill  forms.  The  high- 
est development  probably  is  seen  in  the  modern  news- 
paper presses,  where  enormous  speeds  are  obtained,  and 
where  the  paper,  unwinding  from  a  large  roll,  undergoes 
the  many  necessary  impressions  until  it  emerges  from 
the  press  completely  printed,  sometimes  with  pictures  in 
color,  and  also  folded  and  counted,  ready  for  delivery. 

ELECTRICITY    IN    PRINTING 

Electric  drive  is  by  far  the  most  convenient  and 
efficient  method  of  operating  presses.  It  not  only  elim- 
inates a  large  amount  of  dirt,  danger  and  obstruction  of 
llie  light  unavoidable  with  engines  and  line-shaft  etjuip- 


ment,  but  allows  much  more  flexibility  of  operation  both 
in  the  ranges  of  speed  and  the  separate  starting  up  of 
individual  presses.  This  is  quite  an  important  item,  as 
in  dull  times — or  night  work  upon  one  or  two  presses — 
the  necessity  of  keeping  up  boiler  pressure  and  running 
a  large  engine  at  practically  no  load  is  an  expensive 
matter,  while  with  electric  drive  only  the  power  actually 
required  by  the  machines  in  operation  is  paid  for.  The 
features  of  quick  starting  and  stopping  and  main- 
tenance of  the  exact  maximum  speed  for  the  work  in 
hand  are  also  of  great  advantage  and  are  peculiar  to 
electric  drive. 

Practically  all  large  printing  plants  are  now  run  by 
electricity,  but  there  are  still  many  steam  or  gas  engines 
in  use,  with  long  line-shafts,  and  many  belts  and  bear- 
ings. Seemingly  the  owners  have  not  realized  that  often 
20  percent  of  the  power  developed  by  the  engine  is  lost 
on  the  way  to  the  presses,  and  that  the  most  effective 
arrangements    of     the    various     machines    cannot    be 


FIC.    I — MIEHI.K    ri.AT-nED   PRESS 

Driven  by  a  shunt-wound,  commutating-pole  motor. 

obtained,  as  their  positions  are  determined,  not  by  con- 
\enience,  but  by  their  relation  to  the  shafting.  In  these 
cays  of  factory  efficiency  and  straight  line  production 
the  freedom  of  arrangement  obtained  by  putting  a  motor 
on  each  press,  cutter,  folder  and  other  machines  results 
in  savings  both  in  the  number  of  men  necessary  and  the 
time  required  by  each  man  for  a  given  amount  of  work. 
Unfortunately  the  transition  from  line-shaft  drive 
has  been  such  a  recent  development  that  the  manufac- 
turers of  printing  machinery  have  so  far  done  very  little 
to  encourage  or  assist  the  installation  of  individual 
drive.  Although  some  changes  have  been  made,  the  ma- 
chines, as  a  rule,  still  have  extremely  low  pulley  speeds, 
a  distinct  relic  of  line-shaft  days,  and  the  dimensions 
limit  the  pulley  size  so  that,  unless  a  ridiculously  small 
motor  pulley  is  used,  it  is  necessary  to  have  unadvisedly 
low  motor  speeds.  This  means  a  motor  of  large  size  for 
any  given  horse-power,  operating  less  efficiently  than  a 
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higher  speed  machine,  and  also  necessarily  of  greater 
first  cost.  Logically  the  press  manufacturer  should  fit 
the  motor  at  the  factory  and  ship  the  unit  complete,  but, 
with  a  few  exceptions,  this  is  not  done,  largely  for  two 
reasons: — The  press  manufacturers  do  not  wish  to  as- 
sume, and  so  far  have  not  been  expected  to  assume,  any 


FIG.    2 — A    DEXTER    PAPER   EOLDER 

Operated  by  a  shunt-wound,  commutating-pole  motor,  with 
push-button  control. 

share  of  the  responsibility  for  the  motor,  while  the  users 
of  printing  appliances  have  a  very  small  knowledge  of 
the  characteristics  and  points  of  importance  of  electric 
machinery  and  determine  the  types  and  sizes  to  be  used 
by  convention  rather  than  investigation. 

Since  the  total  power  to  drive  the  press  is  used  up  in 
friction,  large  load  variations  often  occur.  This  is 
affected  by  the  size  of  the  type  area  being  used,  by  the 
thickness  of  the  ink  and  by  the  temperature  and  general 
condition  of  the  press.  Usually  a  motor  of  more  ca- 
pacity than  actually  needed  is  applied,  partly  because 
that  particular  size  always  has  been  applied  to  the  par- 
ticular size  of  press,  and  partly  because  the  presses  are 
rated  to  give  a  maximum  speed  of  output  which  can 
practically  never  be  maintained  in  actual  operation.  The 
power  requirements  given  by  the  manufacturers  are 
generally  based  upon  the  maximum  peak  horse-power 
under  the  worst  conditions  at  the  highest  speed,  and  are 
the  ones  usually  followed  in  motor  applications.  As  a 
matter  of  fact  the  overload  capacity  of  a  motor  of  much 
less  power  is  sufficient,  provided  the  motor  is  properly 
designed  to  take  care  of  the  extreme  points.  An  appli- 
cation of  much  better  balance  is  obtained  with  the  small- 
est motor  that  is  adequate,  since  a  motor  running  under- 
loaded is  not  only  operating  at  a  lower  point  in  the 
efficiency  curve  and  costing  more  in  this  way,  but  the 
first  cost  is  greater,  and  so  represents  a  waste  in  invest- 
ment. 

CHARACTERISTICS    OF    PRINTING    MACHINES 

Except  for  a  few  machines,  such  as  rotary  presses 
and  folders,  the  power  required  by  practically  all  of  the 
smaller  printing  presses  and  auxiliary  apparatus  is  fluc- 
tuating in  nature  and  subject  to  quite  large  peaks  during 
the  cycle.     Thus  with  flat-bed  presses,  every  time  the 


heavy  bed  reverses  in  direction  there  is,  first,  a  small 
amount  of  current  returned  to  the  line,  since  the  motor 
must  absorb  the  energy  released  by  the  bed  as  it  slows 
down ;  then,  as  soon  as  the  bed  starts  in  the  other  direc- 
tion there  will  be  a  sudden  peak  caused  by  the  extra 
power  necessary  to  accelerate  it  up  to  the  speed  of 
traverse.  This  is  followed  by  a  period  of  practically 
constant  full  load  until  the  bed  begins  to  slow  down  at 
the  other  end  of  its  travel.  This  cycle  is  repeated  for 
the  return  travel  of  the  bed,  except  that  the  printing, 
and  thus  the  pressure  of  the  cylinder  on  the  type,  occurs 
only  during  traverse  in  one  direction,  so  that  the  current 
after  the  peak  drops  to  a  lower  value  in  one  direction 
than  in  the  other.  Air  cushions  are  built  into  the  press 
to  absorb  part  of  the  inertia  and  help  out  with  the  accel- 
eration on  reversal,  which  relieves  the  motor  of  consid- 
erable strain  that  would  otherwise  be  present.  How- 
ever, it  often  happens  that  a  leak  in  these  air  cushions 
increases  the  load  on  the  motor  nearly  50  percent. 

In  the  same  way  with  paper  cutters,  the  motor  is 
subjected  to  a  peak  load  every  time  the  knife  comes 
down.  A  flywheel  is  provided  which  distributes  the 
load  more  evenly  and,  by  slowing  down  as  the  cut  is 
made,  delivers  stored  up  energy  and  relieves  the  motor 
of  a  part  of  the  load.  After  the  cut  is  finished  the  fly- 
wheel is  gradually  accelerated,  requiring  a  smaller  and 
smaller  output  from  the  motor  until  the  next  cut  is 
reached.  An  analysis  of  other  types  of  machines  will 
show  very  much  the  same  requirements.  From  this  it  is 
evident  that  the  motor  is  subjected  to  severe  conditions, 
particularly  as  it  must  carry  this  cycle  of  operations  at 
any  one  of  a  large  number  of  different  speeds,  often 
double  normal,  depending  upon  the  kind  of  work  being 
handled. 

SPEED    CONTROL 

On  press  work  a  wide  range  of  speeds  is  necessary 
to  turn  out  each  job  in  the  quickest  way  with  the  highest 
quality  of  workmanship.  It  is  true  that  the  very  high 
speeds  upon  the  press  are  not  used  as  frequently  as  the 


I'lij-   3 — CUTTER   I.\    A    PRI.VTIXC-,    ESTABLISHMENT 

Driven  by  a  compound-wound,  direct-current  motor. 

lower  ones,  but  when  the  opportunity  arises  it  should 
be  possible  to  obtain  them,  as  otherwise  a  great  loss  of 
time  may  occur.  The  most  efficient  method  of  con- 
trolling the  speed  of  a  motor  is  by  field  weakening,  as 
then  the  efficiency  remains  practically  constant  at  all 
speeds.  With  the  older  types  of  motor  this  was  impos- 
sible, as  25  percent  increase  in  speed  by  field  weakening 
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was  all  that  could  be  oljtained  without  dangerous  spark- 
ing. This  was  not  sufficient  range  for  the  press,  and  so 
a  reduction  in  speed  below  normal'  was  obtained  by  put- 
ting a  resistance  in  series  with  the  armature.  However, 
this  causes  a  loss  of  efficiency,  the  value  decreasing 
directly  with  the  s])eed,  and  the  total  average  efficiency 
of  operation  is  considerably  reduced.  The  introduction 
of  the  commutating-pole  motor  has  entirely  revolution- 
i,:ed  the  question  of  sjiecd  control,  since  from  two  to 
three  times  normal  speed  can  easily  be  obtained  without 
any  danger  of  sparking,  and  so  the  speed  of  the  motor 
and  pulley  sizes  can  be  adjusted  to  give  the  lowest  speed 
of  the  press  at  the  normal  speed  of  the  motor  and  all 
higher  speeds  by  field  control. 

The  commutating-pole  motor  also  will  carry  mo- 
mentary overloads  of  large  value  without  sparking,  and 
is  the  only  type  that  can  be  economically  applied  to  fluc- 
tuating loads  such  as  these.  With  the  old  type  of  motor 
a  greater  rating  than  was  necessary  (from  the  stand- 
point of  actual  average  power)  often  had  to  be  used  to 
prevent  sparking  on  the  high  peaks.  As  the  commu- 
tating-pole motor  does  not  spark  under  ordinary  condi- 
tions, the  heating  is  the  only  thing  that  determines  the 
capacity,  and  so  it  usually  hajipens  that  a  smaller  motor 
can  be  used  from  the  standiioint  of  horse-power  rating 
than  is  recommended  by  the  manufacturer  of  the  press. 
One  important  feature  in  connection  with  this  type  of 
niotor  is  that,  in  order  to  insure  s|)arkless  commutation 
at  all  s])eeds  and  loads,  the  frame  must  be  made  with 


riG.    4 — MOTOR-OPKRATED    TVI-E-SETTIXC    M.XCIIINE 

high  magnetic  capacity,  and  some  of  the  motors  now 
manufactured  utilize  for  these  parts  rolled  steel,  which 
has  far  better  magnetic  characteristics  than  the  iron  or 
steel  castings  so  universally  applied  in  the  past. 

The  commutating-pole  niotor  not  only  means  added 
efficiency  and  generally  a  smaller  unit,  but  also  a  lower 
maintenance  cost,  due  to  the  fact  that  the  commutator 


needs  little  or  no  attention  ;  and  it  was  this  part  that 
always  gave  the  most  trouble  in  the  old  type  of  motor. 

ALTER.\.\TI.\G-CUURF,XT  FOR  PRI.VTING  PL.\NTS 

.'Mternating-current  drive  has  all  of  the  advantages 
of  direct-current  drive  with  the  exception  of  control, 
which  does  not  permit  quite  the  same  accurate  speed 
adjusinuMit.       The   majority   of   printing   press   installa- 


PIG.  5 — INDIVIDU.M.  DRIVE  FOR  .\  JOB  PRESS 

Compouiid-wouiid  motor  with  pedestal  mounting. 

tions  are  operated  by  direct  current,  except  small  plants 
where  direct  current  cannot  be  obtained -from  the  central 
station.  The  localization  of  nearly  half  of  the  total 
printing  industry  of  the  United  States  in  New  York  and 
Chicago  makes  the  question  of  obtaining  direct  current 
not  a  difficult  problem  for  the  majority  of  installations. 

ROT.XRV    TRINTINi; 

With  presses  of  the  rotary  type,  which  include  offset 
presses,  magazine  presses  and  newspaper  jjresses,  the 
power  units  required  sometimes  run  up  to  very  large 
sizes,  but  as  the  power  required  is  constant  and  not  fluc- 
tuating, as  with  the  other  types,  and  as  the  development 
of  the  very  large  newspaper  presses  was  largely  made 
possible  through  the  introduction  of  electric  drive,  it 
does  not  involve  the  difficulties  of  the  other  applications. 
Most  of  the  presses  of  this  type  have  been  designed  with 
the  motor  characteristics  in  view,  and  the  power  require- 
ments have  been  more  carefully  studied ;  consequently, 
since  the  motor  does  not  have  to  meet  such  severe  con- 
ditions, there  is  far  less  chance  of  error  in  the  choice 
of  ratings. 

On  the  whole,  electricity  has  [)ractically  revolution- 
ized printing  plant  conditions,  and  the  contrast  between 
the  old-time  shop  and  the  new  conditions  of  cleanliness, 
facility,  cfiiciency,  speed  and  ease,  as  well  as  reliability 
of  operation,  will  be  immediately  observed  by  anyone 
who  has  kept  in  touch  with  the  printing  industry. 


Direct  Traction  Elevator  Equipment 


A.  Brunt  and 

THE  INCREASING  height  of  buildings,  to- 
gether with  the  efficiency,  convenience  and 
comparatively  low  initial  cost  of  electrical  ap- 
paratus, has  resulted  in  much  experimental  work  and 
development  in  high-speed  electric  elevators.  The 
hydraulic  ele\-ator  has  been  used  for  many  years 
and  has  given  splendid  service  in  fairly  high  build- 
ings, but  the  first  cost  is  high  and  the  necessary 
pumping  plant  requires  much  space  and  attention. 
The  height  of  buildings  is  limited  by  the  rise  to  which 
the  elevators  can  be  adapted.  Here  the  hydraulic 
elevator  is  handicapped  by  roping,  plunger,  cylinder 
length  and  general  mechanical  problems.  The  trac- 
tion method  has  solved  the  problem  of  the  "rise,"  and 
is  now  the  simplest  and  safest  of  all  types. 

The    traction    principle    has    the    great    inherent 
safetv  feature   that,   shmild   the  car  run   through   its 


FIG.     I — GE.'\RLESS     ELEV.\TOR     MOTOR — BRAKE     END 

electrically-operating  limits,  even  at  full  normal 
speed,  the  car  or  counterweight,  bottoming  on  its 
oil-buffer,  reduces  the  traction  of  the  driving  sheave 
on  the  ropes.  In  this  case  neither  car  nor  counter- 
weight can  be  pulled  into  the  overhead  work,  nor 
v.'ill  the  cables  be  pulled  out  of  their  hitches.  The 
control  safety  features  will  be  discussed  after  dealing 
with  the  motor  and  method  of  drive. 

THE    MOTOR 

The  word  "traction"  used  in  connection  with  an 
elevator  machine  indicates  that  the  car  motion  is 
secured  through  the  traction  of  the  ropes  on  the 
driving  sheave,  whereas  in  drum  machines  the  car 
motion  is  obtained  through  the  winding  and  unwind- 
ing of  the  ropes  on  a  drum.     A  one-to-one  traction 


H.  L.  Keith 

machine  is  shown  in  Figs.  I  and  2,  and  consists  of  a 
blow-speed  motor,  to  the  armature  spider  of  which 
is  bolted  a  driving  sheave  which  is  in  one  piece 
with  the  brake  wheel.  Tlie  common  method  of 
roping  is  shown  in  Fig.  3.  The  idler  sheave  is 
used  to  get  two  half  turns,  equal  to  one  full  turn, 
ot  the  ropes  on  the  traction  sheave,  to  obtain  the 
required  tractive  effort.  In  order  to  use  as  high 
motor  speed  as  possible,  the  diameter  of  the  driving 
sheave  should  be  as  small  as  good  design  will  permit. 
Experience  has  shown  that  the  smallest  allowable 
sheave  diameter  for  five-eighths  inch  ropes,  which 
are  used  for  one-to-one  traction,  is  30  inches.  The 
same  motor  can  be  used  for  different  speeds  from  500 
feet  per  minute  up,  so  that  if  a  30-inch  sheave  is  used 
for  500  feet  per  minute,  a  33-inch  sheave  will  give  a 
car  speed  of  550  feet  per  minute  and  a  36-inch  sheave 
600   feet   per   minute.      The   motor    speed    at    normal 


FIG.   2 — GE.\RI.ESS   EI.EV.\TOR    MOTOR — COMMUT.\TOR   END 

elevator    speed    then    will    be    64    revolutions    per 
minute. 

The  maximum  load  for  this  kind  of  service,  ex- 
cepting machines  for  lifting  safes,  is  3  500  lbs.,  which 
at  a  hoisting  efficiency  of  80  percent  and  a  speed  of 
600  feet  per  minute  necessitates  a  motor  output  of 
40  horse-power.  The  counterweight  overbalance  is 
usually  taken  at  from  40  to  45  percent  of  the  capacity 
load.  In  an  office  building  elevator  installation  one 
machine  is  usually  required  to  lift  safes  weighing  ap- 
proximately 6  000  lbs.  To  take  care  of  this  service 
the  counterweight  is  increased  when  safes  are  to  be 
lifted ;  in  addition  this  machine  is  to  have  an  extra 
brake  for  holding  this  heavy  load.  The  controller  re- 
arranges the  starting  resistance  and  limits  the  motor 
s])ce(l. 
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The  normal  motor  sjieed  being  64  r.p.ni.,  the 
question  arises  as  to  liow  much  speed  variation 
through  field  control  this  motor  should  have,  in 
regard  to  economy  and  smoothness  of  acceleration  a 
ratio  of  two  to  one,  which  is  commonly  used  in 
motors  driving  geared  elevator  machines,  should  give 
the  best  results.  The  larger  the  field  control  ratio, 
tlie  larger  the  starting  torque  with  the  same  current. 
In  geared  installations  the  motor 
is  only  a  small  part  of  the  entire 
elevator  machine,  so  that  a  large 
lielcl  control  ratio  has  a  corre- 
s|)ondingly  small  effect  on  the 
])rice  I  if  the  com])letc  machine.  In 
a  direct  traction  equiijment,  how- 
e\er,  the  motor  is  the  largest  part 
of  the  entire  niacliinc,  so  that  a 
larger  field  control  ratio,  and  thus 
a  larger  and  more  expensive 
mntor,  materially  increases  the 
price  of  the  complete  equipment. 
Increased  acceleration  economy, 
thcrefiirc,  can  only  be  obtained  at 
increased  cost.  There  is  another 
reason  why  the  field  control  ratio 


for   gearless   machines   should   be 


FIG.    3 — DIRECT    TR.\C- 

TIOX    METHOD    OF 

ROPING 


taken  lower  than  for  geared  ma- 
c  h  i  n  e  s.  Considering  the  self- 
induction  of  the  shunt  field  coils, 
in  case  of  a  30  horse-power,  425-850  r.p.m.  motor, 
often  used  in  geared  machines,  it  will  take  0.45 
second  for  the  field  to  decrease  from  its  full- 
field  value  to  its  high-speed  value,  if  all  the  resist- 
ance is  inserted  in  one  step,  whereas  in  the  gear- 
less  motor  with  a  lieid  control  ratio  of  1.18:1  it  will 
take  the  field  0.8  second  to  decrease  from  full 
field  strength  to  normal  speed  value,  which  is  85 
percent  of  the  full  field  strength..  In  addition  to  the 
effect  of  the  self-induction  of  the  shunt  coils,  comes 
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the  field  control  ratio  of  the  gearless  motor  be  in- 
creased considerably  beyond  i.j:i  the  time  required 
for  weakening  of  the  field  would  increase  so  much 
that  it  would  be  impossible  to  obtain  quick  acceler- 
ation, a  very  important  requirement  in  high-speed 
elevator  service.  A  field  control  ratio  of  from  1.15  to 
1.20:1  seems  to  be  the  most  desirable. 

In  designing  gearless  motors  special  attention  is 
paid  to  speed  regulation  and  efficiency.  A  slow- 
speed  motor  has  low  no-load  losses  and  compara- 
tively large  copper  losses,  the  ohmic  drop  also  being 
responsible  for  a  considerable  drop  in  speed  with 
increasing  load.  In  order  to  limit  this  speed  regu- 
lation from  maximum  load  as  a  motor  to  the  corre- 
sponding generator  load  to  15  percent,  the  current 
density  in  the  armature  copper  should  be  kept  fairly 
low  ;  this  is  productive  of  both  good  efficiency  and 
low  heating.     The  motor  will  act  as  a  generator  and 


Fin.   4 — EFFICIENCY   CURVE  OF  GE.^RLESS   ELEVATOR    MOTOR 


the  delaying  effect  on  the  flux  change  by  eddy  cur 
rents  in  the  magnet  yoke,  which  effect  is  more  pro- 
nounced in  the  heavy   frame  of  the  gearless  motor      and  600  feet  jicr  minute  amounts  to  20700  ft.-Ibs.,  so 
than  in  the  light  frame  of  the  w(irm  gear  motor.     If      that  the  armature  represents  only  7.8  percent  of  the 


FIG.  5 — CONTROL  PANEL  FOR  THE  AUTOMATIC  OPERATION  OF 
THE    MOTOR    SHOWN    IN    FIGS.    I    AND   2 

feed  back  into  the  line  when  being  overhauled  by  car 
or  counterweight,  i.  c  when  going  up  with  a  light 
load  t)r  when  going  down  with  a  heavy  load.  The 
motor  shown  in  Figs,  i  and  2  has  the  high  full-load 
efficiency  of  83  percent.  The  efficiency  curve,  Fig. 
4,  shows  that  the  partial  load  efficiencies  also  are 
rather  high,  which  is  a  great  advantage  for  elevator 
work  where  the  machines  o[)erate  at  average  load 
most  of  the  time. 

IJue  to  the  low  s]>eed,  the  kinetic  energy  of  the 
motor  armature  is  small  and  amounts,  for  the  motor 
shown  in  h'ig.  2,  to  only  I  620  ft. -lbs.,  whereas  the 
inertia  of  the  whole  elevator  system  (car  weight 
3000  lbs.,  counterweight  4300  lbs.)  at  balanced  load 
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total  inertia  (as  compared  with  approximately  50 
percent  in  a  worm  gear  machine).  Thus  it  is  of  no 
advantage  to  build  gearless  motors  with  an  especially 
small  diameter  armature  for  the  purpose  of  limiting 
the  flywheel  efifect.  A  large  armature  diameter,  and 
thus  a  short  armature  core,  has  the  distinct  advan- 
tage of  decreasing  the  overall  length  of  the  machine, 
making  it  possible  to  build  the  machines  with  a  large 
number  of  poles,  thus  shortening  the  armature  end- 
connections,  which  will  decrease  the  ohmic  resistance 
of  the  armature  winding,  causing  an  improvement  in 
efficiency  and  speed  regulation  very  much  to  be  de- 
sired. 

The  gearless  motor,  Figs,  i  and  2,  has  eight  poles 
and  no  commutating  poles.  Due  to  the  slow  speed, 
satisfactory  commutation  can  be  obtained  without  re- 
sorting to  commutating  poles,  which  are  somewhat 


in  starting  and  during  acceleration  and  the  inaccura- 
cies of  gearing  (poorly  cut  gears,  back-lash  of  worn 
gears  and  inaccurate  alignment)  all  multiplied  to 
cause  shocks  to  be  transmitted  to  the  car,  causing  dis- 
comfort to  passengers  and  strains  on  the  whole  equip- 
ment. The  one-to-one  traction  machine  eliminates 
the  vibration  and  jars  due  to  gearing,  at  the  same 
time  increasing  the  mechanical  efficiency  and  inci- 
dentally calling  for  more  positive  control  and  means 
to  prevent  the  car  from  overrunning  due  to  unbal- 
anced loading  under  certain  conditions.  A  much 
more  powerful  brake  is  required  to  hold  the  car  at 
rest  and  the  high  car  speed  calls  for  means  of  slow- 
ing down  gradually  and  smoothly  independently  of 
and  prior  to  the  application  of  the  mechanical  brake. 
The  full  magnetic  controller  shown  in  Fig.  5  is 
designed  especially  for  application  to  the  one-to-one 


FIG.   6 — DI-\GRAM    OF   CONNECTIONS    FOR  GEARLESS    ELEVATOR    MOTOR  AND   CONTROL 

objectionable  in  this  case  on  account  of  the  increase  traction  motor.  The  magnet  switches  are  of  the 
in  ohmic  drop,  and  thus  in  the  speed  regulation,  clapper  type*  and  are  of  rugged  design.  The  direc- 
caused  by  the  commutating-pole  windings.  tion  or  reversing  switches  first  supply  current  to  the 
Compactness  and  short  overall  length  are  very  motor  and  allow  the  magnet  brake  to  release,  putting 
desirable  features,  since  to  mount  the  machines  for  full  field  on  the  motor  with  all  series  starting  resist- 
a  bank  of  elevators  side  by  side,  the  overall  length  ance  in  and  a  resistance  in  shunt  with  the  armature, 
should  not  exceed  six  feet,  which  will  allow  enough  The  series  accelerating  relays  operate  at  predeter- 
space  for  an  attendant  to  pass  between  adjacent  mined  values  of  armature  current,  limiting  the  cur- 
machines.  If  this  is  not  done  it  may  be  necessary  to  rent  and  time  of  acceleration,  assuming  that  the  car 
double  deck  the  machines,  that  is,  mount  alternate  switch  has  been  thrown  to  the  full  running  posi- 
machines  in  tiers,  which  is  undesirable.  tion.    The  relays  control  the  switches  for  cutting  out 

the  series  starting  resistance  and  cutting  in  additional 
steps  of  shunt  resistance.     The  amount  of  shunt  re- 
Having  a  relial)le  and  efficient  motor,  the  safe  and  sistance  may  be  controlled  by  the  operator  from  the 
satisfactory  operation  of  the  elevator  depends  on  the  car  switch,  so  that  several  slow  running  speeds  are 
controller  and  its  auxiliary  devices.     The  older  hy-  afforded   when   desirable,   particularly   when   coming 
draulic  high-speed  equipment  was  developed  to  such  from   full  speed  to  give  a  graduated  dynamic   stop, 

a  degree  that  the  early  geared  electric  elevator  suf-     

fered  by  comparison.     The  peaks  of  armature  current  igi/^^'giJ,'''''"''''  ''•'  ^^^-  ^-  ''^-  '"^"'^  '"  ^'"^  JouRN'al  for  Dec. 
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without  the  initial  pressure  of  the  brakeshoes ;  with- 
out such  provision  accurate  stops  arc  difficult  and 
necessitate  inching  the  car,  consuming  time  and  cur- 
lent.  Coming  from  slow  speed  the  armature  shunt 
is  opened  and  the  remaining  series  resistance  cut  out 
in  steps  (timed  by  the  relays),  the  shunt  field  weak- 
ened and  the  motor  brought  to  full  speed. 

The  double-throw  direction  switches  are  mechani- 
cally interlocked  and  are  arranged  with  series  hold- 
out coils  to  prevent  plugging  the  motor,  so  that  it 
becomes  impossible  to  reverse  the  direction  so  quickly 
as  to  cause  discomfort  to  passengers  or  damage  the 
commutator  of  the  motor. 

The  breakage  of  a  control  wire  will  o])erate  to 
slow  down  or  stop  the  motor.  Both  sides  of  the  con- 
trol circuit  can  be  broken  at  the  emergency  switch. 
This  affords  ample  protection  against  grounds.  A 
limit  switch  on  the  car  engages  with  a  cam  at  top 
and  bottom  of  the  hatchway  to  slow  down  and  stop 
the  car  automatically  .should  the  operator  fail  to  do 
so.  Over-travel  switches,  one  at  each  end  of  the 
hatchway,  are  operated  by  a  cam  on  the  car.  These 
switches  remain  closed  normally,  unless  the  car  runs 
past  the  regular  limit  sto]). 


With  the  direction  switches  out.  should  the  main 
brake  fail  to  hold,  the  car  could  not  slide  fast  enough 
to  do  any  damage  because  of  the  armature  shunt  re- 
sistance. The  Ijrake  coil  circuit  being  broken  on 
both  sides,  there  is  hardly  a  possibility  of  failure  to 
apply  the  brakeshoes  at  the  proper  time.  Further- 
more, the  shoes  are  set  by  two  independent  com- 
pression springs  either  one  of  which  is  sufficient  to 
hold  the  car  under  normal  loads.  The  general  ar- 
rangement of  the  brake  is  clearly  shown  in  Fig.  i. 
The  electrical  connections  are  so  arranged  that  suf- 
ficient current  will  always  be  available  to  release  the 
shoes  from  the  brake  wheel ;  the  current  is  then  re- 
duced automatically  to  the  value  required  to  hold  the 
magnet  plungers  in  the  running  position.  There  is 
a  permanent  air-gap  between  plungers  to  prevent 
sealing,  and  the  action  of  the  brake  is  practically 
noiseless. 

The  control  equipment  has  been  designed  with 
a  view  not  only  to  smooth  but  to  economical  oper- 
ation and  the  entire  elevator  equipment  is  the  result 
of  considerable  study  of  the  requirements  of  direct 
traction  elevators,  together  with  wide  experience 
with  elevator  ref|uireinents  in  general. 


Electric  Drive  in  Railroad  Repair  Shops 

J.  H.  Bryan 

Industrial  and   Power  Dept., 

Westinghouse  Electric  &  Mfg.  Company 

SI  i-.AM   railroad  repair  shops  may  be  divided  into     ticable,  with  as  low  a  speed  as  necessary  for  the  cutting 
the  following  departments: — Machine  shop,  boiler     stroke.    With  the  reversing  motor  efiuipment  in  planers, 
shoj),  blacksmith  and  forge  shop,  pattern  and  car     it  has  been  found  that  in  most  cases  an  increase  in  pro- 
shoj),  and  erecting  department.     In  addition  to  these,      duction  of  25  to  40  percent  can  be  obtained  without  any 
motor  equipment  is  required   for  turn  tables,  transfer      additional  expense  for  ])ower  or  increase  in  number  of 

operators.  To  j)ut  this  in  another  way,  three  planers 
driven  by  reversing  motor  cqui])mcnts  will  usually  be 
able  to  replace  four  belt-driven  planers  of  the  same 
capacity,  thus  enabling  old  equipment  to  be  utilized 
more  efficiently  and  deferring  the  purchase  of  new 
ei|uii>meiit  which  would  otherwise  be  necessary  in  the 
natural  course  of  expansion.  The  reversing  motor 
equiiJiiient  has  also  been  very  successfully  applied  to 
slotters,  draw-cut  shapers,  gear  planers  and  other  recip- 
locating  tools,  as  the  characteristics  of  these  machines 
are  very  similar  to  those  of  planers. 

In  a  railroad  shop  a  great  deal  of  work  is  required 
on  car  and  engine  wheels,  and  this  makes  any  improve- 


tables  and  cranes. 

MACHINE   SHOPS 

The  average  railroad  machine  shop  contains  tools 
for  jjractically  all  classes  of  work,  as  it  must  necessarily 
be  able  to  take  care  of  many  different  kinds  of  construc- 
tion and  repair  work.  Of  machine  tools  it  is  probable 
that  metal  jjlaners  benelit  most  from  electric  drive. 
With  belt  drive  the  production  of  planers  is  usually  lim- 
ited by  the  sli])  of  the  belt,  which  greatly  decreases  the 
cutting  speed  under  heavy  loads  and  feeds.  In  addition, 
there  is  a  continuous  loss  of  power  due  to  counter- 
shafting,  which  is  eliminated  by  motor  drive. 

There  are  two  special  forms  of  motor  drive  for  nient  in  lathes  and  boring  machines  for  wheel  work  of 
planers,  one  a  non-reversing  motor  connected  through  importance.  For  car  wheels  and  driving  wheel  lathes 
belts  to  the  drive  shaft  of  the  planer,  and  the  other  a  it  has  been  found  possible  to  greatly  increase  produc- 
motor  direct-connected  or  geared  to  the  drive  shaft,  and  tion  by  the  use  of  individual  drive.  The  motors  used 
reversing  with  the  planer  platen.  With  either  equip-  for  this  class  of  work  are  usually  compound-wound 
ment  the  speeds  on  both  out  and  return  strokes  are  con-  machines,  with  a  speed  range  of  approximately  two  to 
trolled  by  a  master  switch  operated  by  dogs  on  the  one.  The  control  used  is  of  the  magnetic  type,  with 
1  laten.  The  cutting  and  return  speeds  may  be  adjusted  remote  operation  by  means  of  push-button  stations,  or  a 
independently  to  values  best  suited  to  the  work  at  hand,  combination  of  these  with  drum-type  master  control, 
so  that  the  return  speed  can  be  made  as  high  as  prac-      By  the  use  of  these  push-button  stations  the  lathe  may 
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be  started,  stopped,  slowed  down  or  reversed  from  the 
machine.  The  speed  adjustment  is  obtained  by  shunt 
field  control,  the  rheostat  being  mounted  either  on  the 
lathe  or  on  the  control  panel.  When  the  speed  has  once 
been  set  for  any  particular  size  of  wheel  it  is  not  neces- 
sary to  change  the  adjustment.  The  machine  is  started 
by  means  of  the  "start"  button,  the  motor  being  pro- 
tected, in  case  of  a  weakened  field  due  to  high-speed 
setting  of  the  field  rheostat,  by  a  field  relay  mounted  on 
the  control  panel.  When  the  "stop"  button  is  pushed 
the  motor  is  brought  to  rest  immediately  by  dynamic 
braking.  In  case  hard  spots  on  the  wheels  are  encoun- 
tered, the  "slow"  button  is  pushed,  cutting  out  all  field 
lesistance  and  bringing  the  motor  down  to  a  slow  speed, 
at  which  the  hard  spots  can  be  cut  without  injuring  the 
tool.  When  the  hard  spot  has  been  passed  bv  the  tool, 
the  lathe  is  brought  Ijack  to  normal  speed  by  pushing 
the  "fast"  button. 

Practically  all  wheel  lathes  built  today  are  arranged 
with  motor-driven  tail  stocks.  'I'he  motor  for  this  class 
of  service  is  cither  series  wound  or  luax  il\  conipuuiided. 


j^PV^ 


FIG.    I — .\    SI.X-l-'OOT   RADIAL   DRILL    IN   A    RAILROAD    KKPAIk    SHU? 

Operated  by  a  direct-current,  adjustable-speed  motor. 
It  is  geared  directly  to  the  tail  stock  and  runs  the  tail 
stock  up  after  the  wheels  are  put  in  place.     It  is  con- 
trolled from  a  switch  mounted  on  the  lathe  or  near  by. 

\\  ith  a  modern  heavy-duty  lathe  and  this  type  of 
control  a  large  railroad  in  the  middle  west  has  doubled 
the  output  which  had  been  obtained  theretofore  by  the 
use  of  three  old-type  belt-driven  wheel  lathes.  In  other 
words,  the  production  was  six  times  as  great  as  with 
one  of  the  older  t3'pe  equipments. 

For  the  ordinary  engine  lathe  very  satisfactory 
results  are  usually  obtained  by  replacing  the  belt  drive 
by  a  motor  of  three  or  four  to  one  speed  range,  as  by 
the  use  of  a  properly  proportioned  back  gear  a  total 
speed  range  of  nine  or  sixteen  to  one,  respectively,  can 
be  obtained  without  any  gap  between  high  speed  with 
the  back  gear  in,  and  low  speed  on  direct  drive.  This 
gives  sufficient  steps  to  enable  the  speed  to  be  suited  to 
the  work,  as  from  fifteen  to  eighteen  steps  of  speed 
adjustment  are  usually  provided  over  the  range  of  the 
motor  by  shunt  field  control. 

For  axle  lathes  a  motor  with  a  speed  range  of  two 
to  one  will  give  all  the  speed  variation  that  is  required. 
As  the  service  is  usually  very  heavy,  motors  of  liberal 
ratings  should  be  applied. 

On  shapers,  milling  machines,  drill  presses  and  bor- 


ing mills  the  application  of  shunt-wound  nioUirs  with 
speed  ranges  of  three  to  one  or  four  to  one  will  usually 
be  found  satisfactory. 

Only  direct-current  motors  have  been  discussed  in 
the  preceding  applications,  because,  as  already   stated. 


I-IG.  2 — A   DIKEl- l-Cl  KKtX  i    MOTOR  OPERATING  A    .\1  L  1.  i  11-l.r-.   UklLL 

liractically  all  railroad  shops  have  direct  current  avail- 
able for  driving  machines  requiring  speed  adjustment. 
If,  however,  only  alternating  current  is  available,  the 
machine  tools  can  be  driven  by  constant-speed  motors 
of  the  squirrel-cage  induction  type,  using  mechanical 
speed-changing  devices. 

For  miscellaneous  grinding  work  the  tendency  is 
growing  to  connect  the  motors  directly  to  the  grinding 
wdieel.  Either  direct  or  alternating-current  motors  can 
be  purchased,  entirely  enclosed,  and  with  specially  heavy 
bearings  to  withstand  the  very  severe  service.  These 
grinder  motors  are  generally  equipped  with  automatic 
starters,  controlled  from  a  push  button  mounted  on  the 
grinder. 

Reference  has  not  been  made  to  automatic  screw 
machines,  turret  lathes,  etc.,  for  the  reason  that  they 
are  not,  as  a  rule,  found  in  railroad  shops.  These  ma- 
chines can  generally  be  driven  satisfactorily  either  by  a 
constant-speed  motor  or  by  a  motor  having  a  speed 
lange  of  two  to  one,  although  where  a  number  of  dif- 


IIG.    i  —  KLLaIUU  ALLV-OPERATKD    nOUlM,    .MII.L> 

The  uiachine  in  the  foreground  is  driven  by  a  direct-current, 
adjustable-speed  motor,  and  the  second  machine  by  an  alter- 
nating-current motor  through  a  gear  box. 

ferent  classes  of  work  of  various  sizes  is  to  be  taken 

care  of,  a  wider  sj)ced  range  may  be  required. 

BLACK.SMITH    AND   FORGE   SHOPS 

In  the  average  railway  forge  shop  the  power-driven 
machines  consist  mainly  of  blowers,  bulldozers  and  nut 
and  bolt  machines. 
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Forge  blowers  may  be  belted  or  direct  connected  to 
cither  direct-current  or  alternating-current  motors.  The 
motors  should  be  rated  liberally,  as  they  are  frequently 
installed  in  a  warm  location. 

For  bulldozers  it  is  desirable  to  use  either  com- 
pound-wound direct-current  motors  or  motors  with  high 
resistance  end  rings,  on  account  of  the  heavy  fly-wheels 


VK.  4 — lilliKc:T-Ci:RRi:NT    MOTOR   DRIVING   CAR   WIIKEI.  I..\THE 

and  the  consequent  high  starting  torques  required.  If 
the  bulldozer  is  to  be  in  continuous  operation  it  is  better 
to  use  a  wound  secondary  motor  rather  than  a  squirrel- 
cage  motor  with  high  resistance  end  rings,  as  the  latter 
is  designed  for  intermittent  operation. 

The  nut  and  bolt  machines  usually  found  consist  of 
bolt-headers,  bolt-threaders  and  nut-tappers.  If  these 
machines  are  to  take  care  of  a  wide  range  of  sizes,  they 
should    be    driven    by    adjustable-speed    direct-current 


.Am. I.    I.NM  Al.l.A  I  l.,N     Ol-     Mirlia<-lin-,UAI  i;ii    MX-I-'OOT 
R.\UI.\I,   DRU.I.S 

The  three  machines  sliown  in  the  foreground  are  frequently 
used  to  operiito  sinuihaneously  on  tlie  same  piece  ol  apparatus, 
and.  owing  to  the  possible  size  of  the  pieces  worked  on,  arc  so 
located  as  to  be  easily  accessible  to  an  overhead  crane. 

motors.     By  this  means  an  increase  in  production  may 
be  obtained  when  small  work  is  being  turned  out. 

BOII.ICR    SHOPS 

The  main  j)owor-driven  tools  of  a  boiler  shop  con- 
sist of  bending  rolls,  ])unches  and  shears,  and  flue  rat- 
tlers. All  of  these  machines  require  a  heavy  starting 
torque,    and    should    be    ])rovided    with    heavily    com- 


])Ounded  direct-current  motors,  or  with  either  squirrel- 
cage  motors  with  high  resistance  end  rings  for  intermit- 
tent duty,  or  wound  secondary  motors  for  continuous 
duty. 

Flue  rattlers  are  usually  driven  by  gearing  and  the 
service  is  heavy  and  dirty,  so  that  the  motor  should  be 
of  the  enclosed  type,  and  should  have  outboard  bearings. 

ERKCTING    SHOP 

The  electrically-driven  equiiMuent  of  the  erecting 
and  assembling  shop  proper  is,  as  a  rule,  not  very  exten- 
sive, the  tools  found  there  being  similar  to  those  in 
machine  shops.  Most  of  this  apparatus  is  for  portable 
use,  such  as  drills,  cylinder-boring  machines,  grinders, 
etc.,  power  being  supplied  through  flexible  cable  from 
receptacles  placed  in  the  joists  or  on  the  walls.  Electric 
arc  welding  equipment  is  also  installed  in  practically 
every  erecting  shop,  especially  where  repair  work  is  to 
be  taken  care  of. 

P.\TTERN  AND  CAR  SHOPS 

I'hc  machines  usually  found  in  pattern  and  car  shops 
are  standard  woodworking  machines,  operating  at  con- 


^l^     "       '     M i;-iii;i\  I.-.    I'H.'  i','.    \i  \i  iii\i.    isrn   i\      rrsKTTING 

LOCOMOTIVE   SUPERHEATER  TUBES 

Slant  speeds.  Since  speed  adjustment  is  not  reqtiired, 
and  also  on  account  of  the  inflaminablo  surroundings, 
the  sc|uirrel-cage  motor  is  preferable  for  driving  wood- 
Vv-orking  machinery,  Iiccause  there  are  no  sliding  con- 
tacts to  give  trouble  from  dirt  or  to  cause  any  fire  risks 
from  sparking. 

The  advantages  of  individual  drive  are  especially 
apparent  in  the  case  of  woodworking  machinerv,  be- 
cause a  large  number  of  machines  are  required  on 
account  of  the  diiYercnt  classes  of  work  to  be  done, 
v/hile  the  load  factor  of  the  machines  is  usually  very 
low.  This  means  that  with  belt  drive  a  great  deal  of 
I)ower  is  consumed  in  driving  shafting,  which  runs  idle 
for  a  very  large  portion  of  the  time.  These  losses  are 
eliminated  with  the  individual  motor  drive  so  that  the 
total  jwwer  required  is  very  materially  lessened.  In 
addition,  the  use  of  individual  drive  means  that  the  ma- 
chine can  be  located  where  most  desirable  without  any 
reference  to  the  location  of  line  shafting. 

CRANES 

The  cranes  usually  found  in  railroad  shops  are, 
with  the  exception  of  those  in  the  erecting  shop,  only 
sufficient  to  take  care  of  loads  up  to  lo  or  20  tons.  In 
the   erecting   shop,   however,   cranes   having   capacities 
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up  to  lOO  tons  or  over  are  found,  a  few  shops  having 
cranes  of  capacities  considerably  in  excess  of  this,  so  as 
to  enable  a  single  crane  to  handle  an  entire  locomotive. 
These  large  cranes  are  used  in  the  "cross"  shops, 
v;here  erecting  pits  are  parallel  to  the  ends  of  the 
shop  building,  so  that  the  locomotives  may  be  moved 
from  one  pit  to  another  without  the  use  of  a  transfer 
table. 

For  crane  service  motors  having  a  small  diameter 
rotating  element  are  desirable  so  as  to  keep  down  the 
P.y-wheel  effect  as  much  as  possible  and  enable  rapid 
acceleration  to  be  obtained,  this  being  an  essential 
feature  of  crane  work.  Higher  speeds  can  be  ob- 
tained with  direct-current  motors  than  with  alter- 
nating-current motors  when  the  crane  is  running 
light,  and  this  is  of  material  advantage,  as  a  greater 
amount  of  work  can  thus  be  accomplished.  This  is 
due  to  the  inherent  characteristics  of  the  series 
motors  which  are  used  in  this  service.  With  direct- 
current  motors  dynamic  braking  can  also  be  used. 

If  alternating-current  motors  are  used,  a  wound 
secondary  machine  is  required  on  account  of  the 
heavy  starting  duty  and  high  inertia  of  the  moving 
parts,  and  also  on  account  of  the  heavy  overloads 
which  are  frequently  encountered. 

TURN-TABLES    AND    TRANSFER    TABLES 

Since  the  service  required  of  turn-tables  and 
transfer  tables  is  very  severe,  crane-type  motors  are 
very  largely  used.  Within  the  last  few  years,  how- 
ever, several  large  railway  systems  have  begun  the 
use  of  special  squirrel-cage  motors,  designed  to  give 
twice  full-load  torque  at  starting,  with  approximately 
2.5  times  full-load  current,  the  motor  being  connected 


directly  to  the  line.  The  greatest  advantage  of  this 
motor  lies  in  the  fact  that  the  control  is  practically 
done  away  with,  all  that  is  required  being  a  drum- 
type  reversing  switch.  This  means  that  the  main- 
tenance cost  on  the  electrical  equipment  will  usually 
be  very  much  smaller  than  would  otherwise  be  the 
case,  as  the  average  operator  of  a  turn-table  or  trans- 


FIG.   7 — A    MOTOR-OPER.\TED  ENGINE  L.ATHE 

Where  direct-current  is  not  available  or  where  close  speed 
adjustment  is  not  essential  alternating-current  motors  can  be 
employed  as  in  this  case. 

fer  table  will  not  handle  an  electrical  controller  in 
reversing  service  in  such  a  way  as  to  prolong  the  life 
either  of  the  motor  or  of  the  controller. 

Transfer  tables  are  usually  equipped  with  a  winch 
for  pulling  cars  and  locoinotives  on  to  the  table, 
driven  by  gears,  either  from  the  main  driving  motor 
or  from  an  auxiliary  motor.  If  the  main  driving 
motor  is  used,  it  is  necessary  to  arrange  clutches,  one 
tor  the  main  drive  and  one  for  the  car-pulling  winch. 


Conveyors  and  Their  Driving-  Motors 


V.  C.  MouiTON 

Industrial  and   Power  Dept., 

Westinghouse  Electric  &  Mfg.  Company 

CONVEYING  MACHINERY  is  installed  where 
it  is  necessary  to  have  quick,  continuous  trans- 
portation of  material  from  one  point  to  another. 
Ihe  angle  of  transportation  divides  conveyors  into  three 
general  classes — horizontal,  vertical  and  inclined.  In 
addition,  conveying  equipment  may  be  divided  into  sev- 
eral types.  Some  of  these  types  can  belong  to  all  three 
of  the  above  classes,  and  others,  due  to  their  inherent 
qualities,  can  be  placed  in  only  one  or  two  of  the  classes. 
The  Belt  Conveyor  belongs  to  the  horizontal  or  in- 
clined class,  and  consists  of  a  leather  or  composition 
fabric  belt  running  over  guides,  which  may  consist  of 
single  cylinders  for  flat  belts  or  cyhnders  set  at  angles, 
to  provide  a  concave  belt  surface,  depending  on  the 
material  handled.  Where  boxes  or  bales  are  moved,  one 
guide  is  used,  but  where  loose  material,  such  as  dirt, 
nails,  etc.,  is  being  transported,  a  number  of  guides  are 
used.  Slats  or  solid  sheets  may  be  fastened  at  right 
angles  to  the  belt,  thus  placing  it  in  the  vertical  class  of 


conveyors.  This  class  is  used  to  transfer  packages  from 
one  floor  to  another,  as  does  the  elevator,  the  difference 
being  that  the  conveyor  moves  continuously  in  one  direc- 
tion and  the  elevator  moves  up  and  down. 

The  Bucket  Conveyor  may  be  of  any  one  of  the 
above  three  classes  and  may  be  built  in  many  types.  In 
speaking  of  the  bucket  conveyor,  one  usually  thinks  of 
the  type  used  on  dredging  machinery,  and  belonging  to 
the  inclined  or  angular  class.  The  buckets  are  usually 
connected  together  by  means  of  links  or  a  chain.  The 
barrel  hoist  is  another  type  of  bucket  conveyor,  this 
being  used  to  elevate  barrels  vertically  from  one  floor  to 
another.  The  bucket  type  of  conveyor  is  used  for  dredg- 
ing, coal  or  ash  hoisting,  as  shown  in  Fig.  i,  and  many 
other  similar  types  of  work.  A  very  interesting  appli- 
cation of  the  bucket  type  of  conveyor  is  shown  in  Fig.  2. 
Here  the  buckets  are  left  off,  and  only  guides  are  used 
to  hold  the  oil  cloth  rolls. 

Tlie  Screzi.'  Conveyor  finds  its  application  in  flour 
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and  cement  mills  and  grain  elevators.  This  consists  of 
a  spiral  screw  operating  in  a  trough  or  tube.  It  may 
belong  to  any  of  the  three  classes,  but  is  most  generally 
horizontal  or  inclined.  This  type  of  conveyor  is  found 
where  the  material  handled  is  of  a  tine  nature,  like  flour, 
cement  or  wheat. 


knows   what   is   reijuired   by   the   particular  types   and 
classes  of  conveyors  he  manufactures. 

The  type  of  motor  depends  entirely  on  the  type  of 
conveyor  and  the  kind  of  material  handled.  Most  con- 
veyors are  required  to  run  at  constant  speed  and  are  in 
continuous   operation ;  consequently   a   constant   speed. 


KIC.    I — A    BUCKKT   CONVEYOR    l-'OR   THE   DISTRIBUTION    OF    CO.M. 

Tlif  bucket  shown  i-levatcd  has  been  raised  by  an  automatic  dumping  device,   which  may  be  set   to  discharge 

the  conveyor  load  into  any  bunker  desired. 


The  Scraper  Conveyor  is  used  for  handling  dirt, 
ashes,  coal  and  similar  material,  and  may  belong  to 
cither  the  vertical  or  inclined  class.  It  consists  of  a 
chain  operating  over  a  trough.  On  the  chain  at  intervals 
are  placed  sheets  of  steel  attached  at  right  angles,  which 
drag  through  the  trough,  scraping  the  material  before 
them.  Fig.  3  is  an  excellent  example  of  this  type  of 
conveyor  installed  over  coal  bunkers. 


continuous  rated  motor  is  required.  W  hen  applying  a 
direct-current  motor,  a  compound-wound,  constant 
speed  motor  is  the  most  desirable.  It  is  not  necessary 
to  consider  the  starting  torque,  for  a  direct-current 
motor  has  approximately  two  to  two  and  one-half  times 
full-load  torque  at  starting;  consequently  if  the  motor 
v.ere  to  stop  under  load,  or  the  friction  load  for  starting 
should  be  very  heavy,  the  motor  would  still  have  no 
difficulty  in  starting. 


FIG.    2 — MOTOR-DRIVKN    OIl.Cl.oTII     eu.WKVOR    Oi-     THE    BUCKET    TYPE 

This  conveyor  is  of  the  inclined  barrel-hoist  type  and  is  used 
to  elevate  rolls  of  oilcloth  to  the  floor  above. 

Roll  Tables  in  steel  mills  form  several  very  inter- 
esting examples  of  types  of  conveyors.  These  belong 
properly  to  the  horizontal  class  and  are  of  necessity  a 
part  of  steel  mill  equipment. 

CONVEYOR    MOTORS 

In  applying  motors  to  conveying  systems  a  large 
number  of  features  enter,  the  main  ones  being  the  deter- 
mining of  the  horse-power  of  the  motor,  the  type  of 
motor  and  the  type  of  control.  The  determination  of 
the  horse-power  of  the  motor  is  usually  left  to  the  dis- 
cretion  of   the   conveyor   l)uiliier   who,   by    experience. 


FIG.   3      .\    .MOTOK-URIVEN    CONVEYOR    OF   THE   SCRAPER    TYPE    FOR    THE 
HORIZONTAI.   TRANSFER   OF    COAL   OVER    BUNKERS 

When  applying  alternating-current  motors,  however, 
it  is  necessary  to  consider  more  particularly  the  material 
I'.andlcd.  If  the  power  sup|)ly  suddenly  fails  and  the 
conveyor  is  stopped  under  load,  the  motor  must,  of 
necessity,  be  able  to  start  under  load.  .-V  squirrel-cage 
jiiotor  usually  has  one  and  three-tenths  to  one  and  live- 
tenths  times  full-load  torque  at  starting,  and  will  do  very 
well  in  such  cases.  If,  however,  the  application  is  that 
of  a  screw  conveyor  or  bucket  dredge,  then  a  phase- 
wound  motor  is  necessary,  for  the  load  conditions  are 
varying,  and  so  much  so  that,  in  case  the  power  went  off, 
there  would  be  a  large  friction  load  besides  the  normal 
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load  of  the  conveyor.  Phase-wound  motors  have  from 
two  to  three  times  full-load  torque  at  starting,  and  are 
consequently  very  well  fitted  to  take  care  of  the  varia- 
tions in  starting  conditions. 

In  many  cases  only  single-phase  power  is  available, 
and  on  the  smaller  installations  the  single-phase  motor 
gives  very  satisfactory  service.  In  an  application  of  this 
kind  it  is,  of  course,  necessary  to  use  some  type  of 
mechanical  device,  such  as  a  clutch,  to  assist  the  motor 
in  getting  under  way. 

ELECTRIC    CONTROL 

There  are  two  kinds  of  control  which  can  be  used 
for  starting  conveying  equipment,  namely,  hand  starter 
and  automatic  starter.  For  the  hand  starter,  an  ordinarv 
starting  rheostat  for  the  direct-current,  or  the  auto- 
starter  for  the  alternating-current  squirrel-cage  motors, 
may  be  used.  For  the  phase-wound  motors,  the  stand- 
ard drum  controller  is  usually  required.  The  magnetic 
starter  is  also  supplied   for  direct  and  alternating  cur- 


inotor  should  he  used  here,  since  coal  dust  is  an  excellent 
conductor  of  current,  getting  on  the  comnmtator  and 
tlirough  the  windings  and  causing  trouble,  the  commu- 
tPtor  becoming  scratched  and  worn.    It  is  therefore  nec- 


I'lr..    4 — .AUTOMATIC    PUSH-BUTTON    ST.^RTER   01'   THIC    IVI'E    USED 
WITH    DIRIXT-CURRENT   CONVEYOR    MOTORS 

rent,  having  a  push-button  start  and  stop  station  with  no 
speed  control.  In  dredging  work  where  the  bucket  con- 
veyor is  used  there  are  various  conditions  which  arise, 
requiring  variable  speed  operation,  which  may  be 
obtained  through  hand  or  magnetic  control.  Common 
types  of  magnetic  starters,  for  direct  and  alternating- 
current  motors,  are  shown  in  Figs.  4  and  5,  respectively. 

SPECIFIC    APPLICATIONS 

The  above  is  merely  a  general  outline  of  con\eyors 
and  their  motors.  I-^ach  individual  and  separate  con- 
veyor application  should  be  considered  by  itself,  for 
there  are  conditions  which  make  it  a  peculiar  proposition 
which  necessarily  must  have  indi\i(iual  attention.  For 
instance,  consider  a  plant  in  which  there  is  to  be  installed 
a  coal  conveyor  using  direct-current  motors.  The  first 
point  which  arises  and  should  be  given  careful  consid- 
eration is: — What  type  of  motor  shall  be  used — an 
enclosed   or   an   open    motor?     Evidentlv    an    enclosed 


FIG.   5 — .\LTERNATING-CURRENT  AUTOMATIC   STARTER   FOR   SERVICE 
SIMILAR  TO  THAT  OK  THE  DIRECT-CURRENT  STARTER  OF   EIC.  3 

Front  and  rear  view. 

essary  to  have  enclosed  motors  on  conveyors  which 
operate  in  an  atmosphere  of  coal  dust.  In  cement  mills 
the  direct-current  motors  should  also  be  enclosed  if 
exposed  to  an  atmosphere  of  dust.  In  fact,  enclosed 
motors  should  be  used  wherever  there  is  danger  of  get- 
tmg  dust  and,  more  particularly,  current-carrying  mate- 
rial on  the  commutator.  If  an  open  motor  can  be  placed 
\\'here  it  is  protected  from  dirt,  yet  can  get  proper  venti- 
l.ition,  it  will  make  a  cheaper  and  more  satisfactory 
installation. 

Suppose,  on  the  other  hand,  that  a  plant  is  to  be 
installed  where  alternating  current  is  available.  It  has 
been  the  practice  to  enclose  alternating-current  motors, 
more  particularly  phase-wound  motors,  whenever  ex- 
posed to  coal  dust  or  any  current-carrying  materials 
which  are  a|)t  to  get  into  the  windings.     However,  re- 


Fir,.   0      .\IOTOR-DRIVE.N'   BELT  CONVEVOR  OPERATING   IN   A   LIME   PLANT 

cently  it  has  been  the  general  tendency  to  use  open 
motors  on  jjractically  every  type  of  conveyor  installa- 
tion where  alternating  current  is  available,  as  they  have 
been  found  to  withstand  the  most  severe  conditions  of 
dust  or  moisture  very  successfully. 


Considerations  in  the  Design  of  Railway  Motors 

RAILWAY    MOTOR    VENTILATION 

R.    E.    HELI.MUNU 

IN  VIEW  of  the  fact  that  railway  motors  have  undergone  a  number  of  changes  with  regard  to  venti- 
lating arrangements  during  the  past  few  years,  a  general  reviev.-  of  the  various  possible  arrangements 
and  an  outline  of  their  commercial  development,  from  the  viewpoint  of  an  experienced  railway  design- 
ing engineer  such  as  the  author,  should  be  of  wide  interest. —  (Ed.) 

VARIOUS  arrangements  were  proposed  for  the  t.nger  or  fan  plates  at  various  points  between  the 
ventilation  of  early  railway  motors.  Of  espe-  armature  laminations.  The  radial  ducts  were  also 
cial  interest  was  the  design  of  the  first  I.eneficial  in  providing  additional  cooling  surface  in 
successful  railway  motor  of  the  present  universal  the  armature  core.  In  the  early  motors  of  this  type, 
four-pole  type  shown  in  Fig.  i.  This  motor,  while  the  longitudinal  air  ducts  inside  the  armature  were 
protected  from  splash  and  dirt  by  a  solid  lower  obtained  by  punching  holes  in  the  laminations;  in 
frame,  was  entirely  open  at  the  top. 

In  those  days,  however,  available  insulation  mate- 
rials were  not  able  to  resist  the  effects  of  dirt  and  damp- 
ness and  the  design  of  railway  motors  soon  drifted  to- 
wards the  enclosed  type.  Thus  the  second  popular 
motor  was  of  the  enclosed  type.  But  even  in  it  an 
attempt  was  made  to  obtain  internal  air  circulation 
by    using    armature     punchings     with     longitudinal  „(.  2_westinghouse  railway  armature  core  (no.  i2a) 

ducts,  Fig.  2 ;  these,  together  with  the  fan  action  of  Showing  longitudinal  ventilating  ducts, 

the  straight  parts  of  the  coils,  caused  the  air  to  cir-     ,,^^^^    motors,    they    were    usually    formed    by    the 
culate   from   the   pinion   end   through   the  ducts  and      .p^^^^^    between    the    arms   of    the    armature    spider. 

This  method  of  air  circulation  is  still  one  of  the  best 
known  for  entirely  enclosed  motors;  it  was  the 
adopted  standard  of  most  manufacturers  up  to  a 
few  years  ago. 

The  idea  of  increasing  the  continuous  rating  by 
passing  some  air  through  the  motor  was  gradually 
levived,  beginning  as  early  as  1902.  At  first,  motors 
of  the  radial  duct  type  were  provided  with  perfo- 
rated covers  in  subway  service,  as,  for  instance,  the 
motors  for  the  New  York  subway  designed  in  1902. 
The  first  step  towards  the  reintroduction  of  venti- 
lated motors  for  street  car  service  was  in  the  design 
of  motors,  in  which  the  housings,  as  shown  in  Fig.  7, 
FIG.  i-early  westinghouse  railway  motor  (no.  3)  v-ere  provided  with  small  ventilating  holes  and  the 

abour'S''""''''  °'"''"  "'  "''  '"'' '°  """"''  ''"'"'"""•  ^"'^"''^     commutator  covers  were  raised  slightly.    The  adop- 

tion    of    ventilating    covers    on    motors    with    radial 
the  open  spaces  between  the  coils,  at  the  commuta-     ^.^^^^^  resulted  in  a  ventilating  scheme  such  as  shown 
tor  end,  Fig.  3,  past  the  field  coils  to  the  rear,  where 
it   re-entered  the  armature  ducts.     This  method  of 
air  circulation  is  shown  in  Fig.  4.     From  about  1893 
to  1903  it  was  generally  believed  that  railway  mo- 
tors must  be  operated  enclosed  in  order  to  prevent 
the  collection  of  dirt  and  dampness  inside  the  motor, 
and  consequent  deterioration  of  the  insulation.  Dur- 
ing this  time  most  motors  were  entirely  enclosed,  but 
were  usually  provided  with  some  means  for  carrying 
the  heat  from  the  inner  parts  of  the  motor  to  the 
shell.     About   1898  the  method  of  internal  air  circu- 
lation was  improved  by  the   introduction  of  radial     finger  plates  acted  in  this  case  again  as  fans  and 
ducts    D,    Fig.    5,    obtained    by    inserting  ^so-called     pulled  some  air  in  through  the  openings  I^,  through  the 


FIG.    3 — COMPLETELY    WOUND   .\RMATURE    (nO.    I2A) 

Showing  coil  extensions  serving  as  fans, 
in  Fig.  8,  which  was  first  introduced  about  1903.  The 
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inside  of  the  armature  and  the  radial  ducts  D,  pass- 
ing the  field  coils  and  out  through  the  outlet  open- 
ings 0.  Another  stream  of  air  was  pulled  in  through 
the  inlet  openings  L,  and  out  through  the  outlet  O,  by 


FIG.   4 — ENCLOSED    MOTOR  OF   LONGITUDINAL   DUCT   TYPE 
WITHOUT   FAN 

Air  circulation  is  caused  inside  of  the  motor  by  the  fan 
action  of  the  coils. 

means  of  the  well-known  chimney  effect.  This  latter 
stream  of  air  was  quite  beneficial  for  cooling  the  com- 
mutator and  its  surroundings. 

The  benefit  from  a  more  effective  ventilation  of 
railway  motors  was  realized  as  early  as  iy02,  when 
extensive  tests  led  to  the  development  of  motors 
with  forced  ventilation  employing  an  efficient  fan 
driven  either  by  a  separate  motor  or  by  the  main 
motor  gears  which  forced  air  through  the  motors. 
'Ihis  method  of  ventilation  was  first  used  in  con- 
nection with  motors  built  for  service  on  the  New 
Haven  Railroad  in  1905,  a  separate  blower  mo- 
tor being  used  in  this  case,  Fig.  10.  Other  examples 
of  this  type  of  ventilation  are  shown  in  Figs.  11  and 
12.  This  method  gave  the  maximum  benefit  of  ven- 
tilation and  comparatively  clean  and  dry  air  was  ob- 
tained. It  was  found  that  motors  ventilated  in  this 
manner  would  keep  considerably  cleaner  than  en- 
tirely enclosed  motors.    Another  very  important  ad- 

D     P    G 


FIG.   5 — ENCLOSED   MOTOR  OF   THE  R.\DIAL   DUCT   TYPE 

Air  circulation  inside  of  the  motor  is  caused  by  the  fan 
action  of  the  separating  fingers  in  the  radial  armature  ducts. 

vantage  is  that  the  motors  receive  cooling  air  even 
when  they  are  at  a  standstill,  as  long  as  there  is 
power  available.  This  method  of  forced  ventilation 
has  been  extensively  used  since  its  introduction,  for 
locomotives  as  well  as  for  car  equipments. 

In  1908,  the  first  steps  were  taken  to  replace  the 
ladial  duct  fans  by  a  single  fan  at  the  rear  of  the 
armature.  The  first  motor  of  this  type  was  the  sin- 
gle-phase motor  put  in  operation  on  the  New  Haven 
and  the  Boston  &  Maine  Railroads  in  1909.     In  this 


itsotor,  the  air  passed  through  longitudinal  holes  in 
the  armature  core  proper,  as  shown  in  Fig.  14.  The 
arrangement  of  a  single  fan  with  longitudinal  core 
ducts  may  be  used  either  for  enclosed  motors,  for 
self-ventilated  motors  or  as  an  auxiliary  means  in 
combination  with  forced  ventilated  motors.  Fig.  17 
shows  how  such  a  fan  can  be  used  to  bring  about 
internal  air  circulation  in  an  enclosed  motor.  The 
fan  F  circulates  the  air  through  longitudinal  ducts  in 
the  commutator  and  the  armature  iron,  and  through 
the  space  between  the  field  coils.  A  number  of  care- 
ful tests  have  shown  that  for  an  enclosed  motor  this 
method  of  air  circulation  is  about  on  a  par  with  the 
radial  duct  type  shown  in  Fig.  5.  It  does,  however, 
eliminate  the  radial  ducts  and  with  them  certain 
sharp  corners  against  which  the  coils  rest. 

About  191 1  the  self-ventilated  fan  type  motor 
was  first  introduced  into  street  car  service  as  well  as 
interurban  service.  Fig.  18.     In  this  case  the  air  enters 


m 


FIG.    6 — ARMATURE    OF    WESTINGHOUSE   RAILWAY    MOTOR    (nO.    50b) 

One    of    the    first   motors    provided    with    radial    ventilating 
ducts.     Designed  in  1898. 

the  motor  through  inlet  openings  at  I^  at  the  commu- 
tator end,  passes  through  the  longitudinal  ducts  D  in 
the  commutator  and  armature,  through  the  fan  F  and 
out  of  the  motor  through  outlet  openings  O.  These 
motors  were  called  semi-ventilated  because  only  one- 
half  of  the  motor,  that  is  the  rotating  part,  is  ventilated, 
V  hile  the  field  coils  are  not  ventilated.  In  order  to  pre- 
vent the  hot  air  from  circulating  within  the  motor,  a 
baffle  B  is  provided.  This  method  of  ventilation  has 
been  used  only  in  a  few  cases. 

Another  type  of  self-ventilated  fan  type  motor 
is  shown  in  Fig.  19 ;  in  this  case  the  fan  takes  in  the 
air  through  holes  in  the  pinion 
end  housing  and  blows  it  past 
the  field  coils  out  through  holes 
0  at  the  commutator  end  of 
the  motor.  It  is  evident  that  in 
this  case  the  armature,  in 
which  the  material  is  usually 
worked  hardest,  receives  hardly 
any  benefit  of  the  external  ven- 
tilation; in  other  words,  this  is 
again    an    arrangement    which  ""'G-  7— railway  motor 

,  11   ii  1  ,  r  HOUSING    (nO.    IOIb) 

has  all  the  advantages  of  a  ven-     ghowing  ventilating 
tilated     motor     without    giving  hole.  Designed 

the  full  benefit  of  the  ventila-  '"  '5°-5- 

tion.     The  only  reason   for  employing  it   would   be 
that    in    case   of   motors    with    verv   small    armature 
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diamclers  there  is  no   room   in   tiic  armature  core   for 
ventilated  ducts. 

A   series   ventilated    fan   nmtor   which    has   been 
used  extensivclv  is  shown  in   Figs.  20  and  21.     Mo- 

^0    f!    G    D   !i^ 


VIC.  8 — vENTn..\Ti:i)  motoh  of  thk  i(.\di.\l  duct  type 
E.\ttTiial    air   is   circulated    through    the   motor   by   the    fan 
action  of  the  separating  fingers  in  the  radial  armature  ducts,  as 
well  as  hy  chimney  effect. 

t(jrs  of  this  t}])e  fur  regular  street  car  and  interurhaii 
service  were  commercially  introduced  in  191 1.  The 
air  is  taken  in  tlirough  inlet  covers  /,  Fig.  20,  at  the 
l-'inion  end  nf  the  nintur,  thence  thniugh  ducts  in  the 
commutator  and  armature  iron,  then  through  the 
tan  to  the  outlet  openings  0  at  the  ])inion  end.  In- 
stead of  having  the  outlet  openings  O  in  the  frame, 
some  of  the  earlier  motors  of  this  type  had  the  out- 
let openings  in  the  pinion  end  housing.  In  all  cases 
the  ingoing  and  outgoing  air  at  the  pininn  end  is 
sei)arated  h\'  means  of  a  baffle  B  inside  of  the  motor. 


FIC.    9 — TYPES    OF    VENTI1..\TINC,    COVERS    FOR    USE    IN    CON  JUNCTION 
WITH  THE  RADI.\L  DUCT  TYPE  OF  VENTILATION 

The  results  obtained  with  tlie  first  motors  of  this 
type  were  about  on  a  par  with  the  motors  of  the 
\entilated  radial  duct  type  shown  in  Fig.  8.  The 
reason  for  this  was  that  the  air  had  to  pass  through 
a  rather  long,  comi)licated  jiath  through  the  motor, 
and  that  the  fan  diameter,  being  comparatively 
small,  did  not  create  sufficient  pressure  to  force  an 
appreciable  anu>unt  of  air  through  the  high  resist- 
ance path  in  the  motor.  \Vith  some  of  the  early 
motors,  the  location  of  the  outlet  and  inlet  holes  was 
also  such  that  the  hot  air  coming  out  could  easily  re- 
enter the  motor  through  the  air  inlet.  The  type  il- 
lustrated in  I'ig.  20  was  a  marked  improvement  over 
the  first  motors,  as  the  inlet  hoods  are  turned  away 
from  the  outlet  holes.  The  outlet  holes  offer  a  free 
and  unrestricted  passage  for  the  outgoing  air  nearly 
I'll  around  the  fan.  Since  the  baffle  separates  the 
space  around  the  fan  from  the  main  body  of  the  fan 


tliere  is  no  danger  that  wheel  splash  will  get  into 
the  motor.  These  latter  features  are  illustrated  in 
rig.  22. 

Among  other  improvements  made  during  the  last 
few  years  are  a  careful  shaping  and  proportioning  of 
the  air  path  within  the  motor,  elimination  of  many 
causes  for  harmful  eddy  currents,  increase  of  fan 
diameter,  with  resultant  increase  of  air  pressure. 
With  these  improvements  the  series  ventilation  is 
very  effective,  and  in  some  cases  fully  as  effective 
as  the  double  fan  arrangements  described  hereafter. 
Some  of  the  latest  motors  of  this  type,  Fig.  23,  give 
fully  15  to  35  percent  higher  continuous  rating  than 
the  earlier  motors  with  the  series  ventilation. 
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riC.    10 — SINGl.E-PHAfE    WESTINGHOrSE    MOTOR    WITH    FORCED 
VENTII.ATIO.N    (SO.    130) 

The  air  inlets  are  marked  /;  the  air  escapes  through  the  per- 
forated covers  all  around  the  motor.     In  operation  since  1905. 

Another  ty[)e  of  series  ventilated  motor,  which 
has  recently  been  tested  and  shows  very  promising 
results,  is  shown  in  Fig.  J4.  In  this  case,  the  air 
enters  the  motor  through  holes  /,  in  the  commutator 
end    housing,    jasses    through    the    commutator   and 
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riC,    I  I— SINGI.E-PHASE   WESTIXGHOUSE    MOTOR    WITH    FORCED 
VENTII..\TIOX    (no.    133) 

Tile  air  is   f\irnishcd  by  a  blower  driven   from  the  gear  on 
the  a.\lc. 

armature  ducts  U<  the  pinion  end,  through  the  fan 
I'ud  the  field  coils  back  to  the  commutator  end, 
v.here   it   leaves   the   motor   through   outlet  openings 
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U.  The  ingoing  and  outcoming  air  is  in  this  case 
separated  by  a  baffle  B  at  the  commutator  end  hous- 
ing. The  present  scheme  is  better  than  the  one  pre- 
viously described  in  several  respects ;  first,  it  brings 
the  cool  entering  air  directly  in  contact  with  the  ar- 
mature, which  is  usually  most  in  need  of  ventilation ; 
second,  the  incoming  air,  and  the  dust  and  dampness 
carried  with  it  does  not  get  into  contact  with  the 
motor  windings  until  it  has  passed  the  armature 
ducts ;  third,  the  part  of  the  motor  containing  the 
live    parts,    like    commutator,    brushholders,    etc.,    is 


ing.  A  parallel  \cniiluted  motor  has,  however,  the 
slight  disadvantage  that  the  air  enters  at  the  com- 
mutator end ;  this  means  that  whatever  water  or 
dust  enters  with  the  air  may  settle  on  the  live  parts 
of  the  motor — the  commutator,  and  the  brush- 
holders — which  in  turn  might  result  in  breakdowns 
across  the  commutator  V-ring,  the  brush-holder 
porcelains  and  the  like.  In  certain  localities  the  dust 
getting  between  the  carbons  and  the  commutator 
may  also  increase  the  wear  of  these  parts.  It  will 
further  be  noticed  from  Fig.  25  that  one-half  of  the 


FTC.     12 — MOTORS    VENTIL.\TED    BY    MEANS    OF    AN    OUTSIDE    BLOWER 

Double  equipment  of  No.  308  commutating-pole  motors,  with  forced  ventilation,  produced  by 
a  double  blower  set — Long  Island  Railroad. 


under  pressure  so  that  the  outgoing  air  will  carry 
with  it  part  of  the  carbon  and  copper  dust  formed 
by  the  wear  of  the  brushes  and  the  commutator. 
The  present  scheme  is  further  advantageous,  as  it 
permits  an  easy  means  for  changing-over  to  an  en- 
closed motor,  when  desirable.  The  baffle  B  is  made 
so  it  can  easily  be  taken  out  without  dismantling  the 
motor  and  closing  covers  can  be  installed,  thereby 
getting  internal  air  circulation  without  taking  the 
motor  oft  the  trucks. 

Another  type  of  ventilation  which  has  recently 
been  introduced  is  shown  in  Figs.  25  and  26.  In 
this  case  the  armature  is  provided  with  a  double 
fan,  F^  and  F.,  which  is  very  much  larger  than  the 
diameter  of  the  armature.  This  type  of  ventilation 
is  known  under  the  name  of  "Parallel  Ventilated 
Fan  Type."  The  air  enters  the  motor  at  the  com- 
mutator end,  whence  one  stream  of  air  is  pulled  by 
one  of  the  fans  through  the  ducts  of  the  commutator 
and  armature  iron  and  another  stream  is  pulled  by 
the  other  fan  through  the  field  coils;  both  streams 
are  expelled  at  the  pinion  end  of  the  motor.  A  baf- 
fie  B  prevents  the  hot  air  from  circulating  within 
the  motor.  There  is  no  doubt  but  that  this  arrange- 
ment, wherever  it  can  be  used  to  good  advantage, 
will  pull  more  air  through  the  motor  than  is  possible 
with  the  series  ventilated  motor.  The  present 
scheme  also  has  the  advantage  that  both  the  fields 
and  the  armature  receive  entirely  cool  air,  while 
with  a  series  ventilated  motor  the  air  is  already 
warmed  up  to  a  certain  extent  by  passing  the  field 
coils  before  it  reaches  the  armature  ducts.  There- 
fore, the  parallel  ventilation  should,  in  most  cases, 
be  the  more  effective  of  the  two  with  regard  to  cool- 


fan  is  located  over  the  ends  of  the  armature  coils 
and,  therefore,  it  is  possible  for  the  wheel  splash  or 
other  dirt  coming  into  the  motor  through  the  outlet 
holes  to  come  into  contact  with  the  insulation  of  the 
armature,  which  in  turn  might  lead  to  breakdowns, 
or  the  like.  This  latter  objection  to  this  type  of  ven- 
tilation has  been  eliminated  in  some  of  the  more  re- 
cent designs  through  an  arrangement  of  the  fan 
somewhat  different  from  that  shown  in  Fig.  2- 
It  is  at  present  impossible  to  state  definitelv  li.,\v  im- 


FIG.     13— ARMATURE    OF    THE    ORIGINAL    FAN    VENTILATED    R.MLWA'i 
MOTOR— NEW    YORK,   NEW    HAVEN    &    HARTFORD   RAILROAD 

Westinghouse  (No.  403).    In  operation  since  1909. 

portant  the  above  named  drawbacks  of  the  parallel 
ventilation  will  prove  to  be  in  actual  practice.  This 
is  something  which  cannot  be  calculated  and  only 
practical    experience    extending    over    a    number    of 
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years  can  decide  this  point.  The  various  motors 
built  for  parallel  ventilation  differ  to  quite  some  ex- 
tent from  each  other  with  regard  to  the  location  of 
the  inlet  and  outlet  air  holes.  Some  motors  have 
the  intake  holes  at  the  commutator  end  housing, 
others  have  perforated  commutator  cover  and  again 


riG.   14 — ARMATURE  PUNCHINGS  OF  MOTOR  SHOWN   IN   FIG.    13 

Showing  the  oval  holes  forming  the  longitudinal  air  ducts  in 
the  armature  core,  and  the  cooling  ribs  on  the  inside  diameter. 

Others  have  open  side  covers  near  the  commutator; 
some  of  the  outlet  holes  are  located  about  as  shown 
in  Fig.  25,  in  other  cases  they  are  located  in  a  ver- 
tical plane  in  the  frame  around  the  housing. 

The  parallel  ventilating  arrangement  has  at 
times  another  drawback  with  regard  to  the  design 
of  the  motor.  It  is  evident  from  Fig.  ^5  that  for  the 
parallel  ventilation  the  fan  diameter  must  be  larger 
than  the  armature  diameter  in  order  to  get  a  rea- 
sonably effective  depth  for  the  fan  blades  of  the  fan 
overhanging  the  armature  winding.  In  some  de- 
signs,   especially    for   motors    for   very    small    wheel 
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riG.    IS — ARMATURE  OF   FAN   VENTILATED    MOTOR    (NO.   406)    FOR 
THE  NEW   HAVEN  RAILROAD 

In  operation  since  igio. 

diameters,  it  is  difficult  to  get  a  very  large  fan.  This 
is  shown  in  Fig.  27  from  which  it  will  be  seen  that 
the  bore  B^  limits  the  size  of  the  fan  in  a  box  type 
motor.  This  bore  in  turn  is  limited  by  the  gear  cen- 
ter distance  and  the  necessary  subtractions  from  the 
same  to  allow  for  the  radius  R,  the  clearance  dis- 
tance C  and  the  minimum  width  H  of  the  flange  seat 
of  the  housing.  In  cases  where,  for  the  above  rea- 
sons, the  fan  diameter  is  limited,  the  parallel  venti- 
lation will  either  not  be  very  effective,  or  it  neces- 


sitates the  use  of  a  very  small  armature  diameter, 
whicii,  in  turn,  is  a  lian<lica]>  in  the  design  of  the 
motor. 

In  an  attempt  to  combine  the  advantages  of  the 
series  and  parallel  ventilation,  the  system  shown  in 
Fig.  28  has  recently  been  developed  by  the  Westing- 
house  Company,  using  a  double  fan  F,  and  F„.  The  fan 
/'i  sucks  air  into  the  motor  through  holes  /,  in  the 
tommutator  end  housing,  thence  through  the  ducts  D 
in  the  commutator  and  in  the  armature  core,  and  then 
blows  it  across  the  field  coils  out  through  openings  O 
near  the  commutator  end.     The  second  fan  F^  takes  in 


FIG.    16 — ARMATURE  OF   FAN   VENTILATED    MOTOR    (.NO.   4I0;    FOR 
THE  NEW   HAVEN   RAILROAD 

additional  air  through  inlet  openings  L  in  the  pinion 
end  housing  and  blows  it  past  the  field  coils  and 
out  through  the  ventilating  openings  O.  It  will  be  seen 
that  with  this  arrangement  both  the  armature  and  the 
field  coils  arc  brought  into  contact  with  cold  outside  air. 
The  air  entering  at  the  commutator  end  cannot,  how- 
ever, get  into  contact  with  any  of  the  live  parts  of 
the  motor  because  the  inlet  channel  is  separated  from 
them  by  the  baffle  B.  The  air  entering  at  the  rear 
end  has  to  cross  the  field  coils  first  and  will  deposit 


FIG.    17 — AIR   CIRCULATION    INSIDE   OF    MOTOR    CAUSED    BY    A    SINGLE 
FAN   AT  THE  END  OF  THE  LONGITUDINAL  DUCT 

dust,  etc.,  before  it  reaches  the  front  end  of  the 
motor.  It  is  further  a  fact  that  as  the  air  leaves 
the  motor  near  the  commutator,  it  will  take  with  it 
a  large  part  of  the  carbon  and  copper  dust  from  the 
brushes  of  the  commutator  from  within  the  motor. 
This   scheme  also  has   the   advantage  of  providing 
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the  large  amount  of  air  incidental  to  an  effective 
double  fan  without  the  necessity  of  the  fan  diameter 
being  much  larger  than  the  armature  diameter.  It 
will  be  seen  from  Fig.  24,  for  instance,  in  which  the 


FIG.    18 — ARMATURE    (SEMi)    VENTILATED    FAN-TYPE    MOTOR 

External  air  is  circulated  by  a  single  fan  through  the  arma- 
ture of  the  motor  only. 

fan  diameter  was  made  about  the  same  as  the  arma- 
ture diameter,  that  the  blades  of  both  fans  can  be 
made  reasonably  deep  and  effective. 

OPERATING    RESULTS 

Ventilated  motors  are  quite  satisfactory  in  most 
localities  if  they  are  cleaned  out  at  regular  intervals, 
the  length  of  which  depends  upon  the  locality.  With 
ventilation    designs    which    take    proper    account    of 
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FIC.    19 — FIELD    VENTILATED    FAN-TYPE    MOTOR 

Ko  ducts  in  armature.     External  air  is  circulated  by  a  fan 
through  the  field  of  the  motor  only. 

keeping  the  dirt  away  from  the  live  parts  in  the 
motor,  as,  for  instance,  the  motors  with  compound 
ventilation,  it  may  even  be  expected  that  under  nor- 
mal conditions  ventilated  motors  may  give  better 
results  with  regard  to  insulation  breakdowns  than 
entirely  enclosed  motors.  This  is  due  to  the  fact 
that  it  is  rather  difficult  to  make  entirely  enclosed 
motors  tight  enough  to  keep  out  dust  and  dampness 
altogether,  also  because  a  certain  amount  of  copper 
dust  is  formed  by  the  wear  of  the  brushes  and  the 
commutator.  In  enclosed  motors  it  is  especially 
<iifficult  to  avoid  a  certain  amount  of  condensation 
inside  the  motor  which,  if  kept  within  the  motor  any 
length  of  time,  may  be  harmful.  With  proper  ven- 
tilation, water  condensed   within  the  motor  will  be 


quickly  evaporated.  In  spite  of  the  above  facts,  it 
is  impossible  to  predict  that  the  ventilated  motor  will 
be  a  success  under  all  conditions.  In  some  localities, 
for  instance,  which  are  subject  to  severe  snowstorms 
or  other  severe  weather  conditions,  it  is  quite  pos- 
sible, for  instance,  that  a  certain  amount  of  trouble 
will  be  experienced  with  ventilated  motors.  It 
would,  therefore,  seem  desirable  to  install  motors 
which  can  be  closed  up  whenever  particularly  se- 
vere weather  conditions  make  it  desirable. 

The  principal  advantage  of  a  ventilated  motor  is, 
of  course,  the  increase  in  its  continuous  capacity. 
The  hour  rating  is  usually  only  very  little  improved 
by  the  use  of  any  of  the  fan  arrangements,  partly 

TABLE  I— PERCENT  INCREASE  IN   CONTINUOUS 
RATING  OBTAINED  BY  VENTILATION 


Motors  up 
to  55  kw(73 
hp)  'at  6UU 
volts  for 
city  service 

Motors  over 
55  kw  (73 
hp)  at  600 
volts  for 
interurban, 

elevated.etc. 
service. 

Ventilated   motors  of  the  radial  duct 
type 

10  to  20 

10  to  25 
10  to  25 

10  to  30 

25  to  55 
30  to  70 
30  to  70 

15  to  35 

15  to  35 
15  to    35 

20  to    40 

35  to    80 
40  to  100 
40  to  100 
50  to  250 

Armature   (semi)   ventilated   fan   type 
motor 

Field  (semi)  ventilated  fan  type  motor. 
Series  ventilated  fan  type  motor  early. . 
types 

Series  ventilated  fan  type  motor  recent 
types 

Parallel  ventilated  fan  type  motor ... 
Compound  ventilated  fan  type   motor 
Forced  ventilated  motors 

because  short  time  ratings  depend  more  upon  the 
heat  absorbing  capacity  of  the  motor,  that  is,  its 
capacity  for  storing  heat  in  its  various  parts,  than 
upon  the  ventilation;  partly  because  even  enclosed 
operated  motors  like  the  radial  duct  type  of  motor 
were  tested  with  the  covers  removed  according  to 
the  A.  I.  E.  E.  rules  and  had,  therefore,  a  certain 
amount   of   ventilation   during  the   hour   run,   deter- 
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FIG.   20 — SERIES  VENTILATED   FAN-TYPE    MOTOR 

External  air  is  circulated  in  succession  (series) — first, 
through  spaces  between  and  around  field  coils ;  second,  through 
the  armature — by  a  single  fan. 

mining  its  nominal  horse-power  rating.  Table  I 
gives  an  approximate  idea  of  the  percentages  of  in- 
crease   in    the    continuous    rating   which    have    been 
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obtained  with  the  various  types  of  ventilation  over 
the  continuous  rating  of  enclosed  motors  of  the 
radial  duct  type  for  ratings  on  300  to  400  volts.  For 
voltages  nearer  to  the  rated  voltage  the  relative  gain 
is  much  larger,  because  on  the  one  hand  many  en- 


FIG.  21— ARMATURE  OF  WESTINGHOUSE  SMAI.I.   DIAMETER 
MOTOR    (no.   328) 

Having  external  series  ventilation.    Designed  for  Pittsburgh 
Railways  Company  in  191 1. 

closed  motors  cannot  be  run  even  with  light  loads 
on  full  voltage  continuously,  while  on  the  other 
hand  the  ventilated  motors  get  the  maximum  benefit 
of  the  fan  and  comparatively  high  ratings  at  the 
higher  voltages,  because  these  voltages  mean  high 
armature  and  therefore  high  fan  speeds.  Since  the 
eft'ect  of  the  fan  increases  very  much  with  the 
speed,  it  is  even  possible  that  the  600  volt  continu- 
ous ratings  are  higher  than  the  300  and  400  volt  rat- 
ings. This  depends  upon  the  individual  design  and 
a  great  many  details.  If  a  motor  rating  is,  for  in- 
stance, limited  by  the  field  coil  temperature  at  low 


In  actual  service  the  benefit  derived  from  venti- 
lating the  motors  is  in  most  cases  not  quite  as 
marked  as  might  appear  from  the  stand  test  ratings 
of  the  motors,  as  indicated  in  Table  I.  Enclosed 
motors,  when  mounted  under  a  car,  derive  quite  an 
appreciable  benefit  from  the  ventilation  which  the 
outside  of  the  motor  receives  from  striking  the  air. 
On  this  account,  an  enclosed  motor  usually  has  10 
to  20  degrees  less  temperature  rise  on  the  car  than 
on  the  stand  test.  With  a  ventilated  motor  this  dif- 
ference is  usually  very  much  smaller  because  with 
a  motor  being  ventilated  internally  the  cooling  out- 
side air  is  of  relatively  small  importance.  In  some 
cases  the  particular  air  currents  existing  under  a  car 


FIG.  22— WESTINGHOUSE    (nO.  632-Sb)    MOTOR,   SHOWING  THE  INLET 
AND  OUTLET   HOODS   FOR  SERIES  TYPE  VENTILATION 

Designed  in  1912. 

voltage,  the  rating  will,  of  course,  increase  with  the 
higher  voltage,  because  the  ventilation  effect  in- 
creases on  account  of  the  higher  fan  speed.  If,  on 
the  other  hand,  the  motor  rating  at  low  voltage  is 
limited  by  the  armature  temperature,  increased 
speed  means  increased  ventilation,  but  also  in- 
creased losses,  because  the  core  losses  increase  with 
the  speed;  it  depends,  then,  entirely  upon  the  rela- 
tive importance  of  core  and  copper  losses  and  the 
particular  design  of  ventilation  whether  the  gain 
of  ventilation  with  higher  voltages  is  bigger  than 
the  effect  of  the  additional  losses  or  not.  Altogether 
the  continuous  ratings  at  high  voltages  are  not  of 
practical  importance,  because  the  actual  effective 
average  voltage  in  operation  is  nearly  always  be- 
tween 300  and  450  volts  on  600-volt  motors. 


FIG.   23- 


-MOTOR    ARMATURE    DESIGNED    FOR    SERIES    VENTILATION 

(no.  323-sv) 


will  interfere  with  the  internal  ventilating  scheme 
of  the  motor  by  blowing  against  the  inlet  or  outlet 
holes  of  the  motor.  For  these  reasons,  it  may  hap- 
pen that  the  ventilated  motor  which  has  15  percent 
higher  continuous  rating  on  the  stand  than  the  same 
motor  operating  enclosed,  in  actual  service  may 
show  very  little  difference.  This  has,  for  instance, 
l<cen  found  to  be  the  case  with  the  leading  motor  on 
the  car  because  this  motor  receives  the  maximum 
benefit  from  the  ventilation  caused  b}'  the  mo\-ement 
of  the  car.  The  other  motors  usually  show  quite 
a  marked  difference  under  similar  assumptions, 
especially  motors  which  are  housed  in,  more  or  less, 
bv  skirts  on  some  car  designs,  or  which  are  located  be- 


FIG.    24— REVERSED    SERIES    VENTILATED    FAN-TVPE    MOTOR 

Longitudinal  duct  type.    External  air  is  circulated  in  succcs 
sion    (series)— first,    through    the    duct    in    the    armature, 
second,  through  the  air  gap  and  between  the  field  coils. 


and 


hind  the   low  portion  of   a  low  step  car.     These  will 
run  much  cooler  when  operated  with  ventilation. 

The  schedule  speed  in  actual  service  is,  of  course, 
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of  the  greatest  importance  with  regard  to  the  benefit 
which  may  be  derived  from  self-ventilation  of  the 
motors.  It  is  evident  that  in  city  service,  where  the 
motors  stand  much  of  the  time  or  run  at  slow  speed 
with  the  fan  practically  inactive  during  these  times, 
the  benefit  derived  from  ventilation  will  be  small, 
while  with  high-speed  interurban  service  and  long 
runs  between  stops,  great  benefit  will  be  derived 
from  self-ventilation.  The  eft'ect  of  forced  ventila- 
tion with  a  separate  blower  motor  is,  of  course,  in- 
dependent of  the  car  speed. 

It  should  further  be  considered  that  a  ventilated 
motor  of  a  certain  continuous  rating  does  not  have 
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FIG.    25 — PARALLEL    VENTILATED    FAN-TYPE    MOTOR 

External  air  is  circulated  by  a  double  fan,  in  two  parallel 
streams,  through  the  motor ;  one  stream  goes  through  spaces 
between  and  around  the  field  coils  and  one  through  the  arm- 
ature. 

the  same  overload  capacity  as  an  enclosed  motor  of 
the  same  continuous  rating.  The  reason  for  this  is 
that  the  ventilated  motor  for  a  certain  continuous 
rating  is  smaller  antl  lighter  than  an  enclosed  motor 
of  the  same  rating;  this  means  the  enclosed  motor 
has  more  metal  to  absorb  heat  during  short  over- 
load than  a  ventilated  motor.     Another  factor  to  be 


FIG.  26 — DOUBLE  FAN  ARMATURE  GIVING  P.\RALLEL  VENTILATION 

Westinghouse  (No.  547-a)  motor. 

considered  in  connection  with  ventilated  motors  is 
that  dust  may  accumulate  in  some  of  the  air  pas- 
sages, and  thus  reduce  their  size,  and  hence  the 
cooling. 


The  above  causes,  all  of  which  tend  to  reduce  the 
practical  value  of  self-ventilation  in  actual  operation, 
are  at  times,  and  especially  in  high-speed  service, 
partly  or  entirely  counteracted  by  the  fact  that  the 
average   speed   of   the   motor,   and   therefore   of   the 


FIG.  27 — THE   MAXIMUM    DIAMETER  OF    HOUSING   IS   DETERMINED  BY 

THE   SIZE   OF  BORES   Bi   AND   />=,  GEAR   CENTER   DIAMETER    G 

.\ND    DI.\METER    OF    F.\CING    FINISH    Di 

fan,  in  service  is  higher  than  the  speed  for  the  con- 
tinuous stand  test  rating.  Nevertheless,  it  would 
seem  to  be  advisable  to  choose  a  ventilated  motor 
with  a  slightly  greater  margin  of  safety  in  the  con- 
tinuous rating  than  is  necessary  in  case  of  an  en- 
closed motor.  Such  practice  is  particularly  advisable 
in  very  low-speed  service,  but  even  more  so  in  cases 
where   short   time   overloads,    like   the   pulling   of   a 


FIG.   28 — COMPOUND   VICXTILATED    F.\N-TYPE    MOTOR 

External  air  is  circulated  by  a  double  fan  in  two  ways 
through  the  motor.  One  fan  drives  air — first,  through  the  arm- 
ature, and  second,  through  the  spaces  between  and  around  the 
field  coils.  A  second  fan  takes  additional  air  through  an  open- 
ing in  the  pinion  end  housing  and  drives  it  past  the  field  coils. 

trailer  for  one  or  more  trips,  are  liable  to  occur. 
Fven  with  such  conservative  practice,  the  benefit  to 
be  derived  from  self-ventilated  motors  of  latest  de- 
sign and  from  forced  ventilated  motors  is  quite  ap- 
preciable and  will  permit  economy  in  weight  of  15 
to  40  percent  in  self-ventilated  motors,  and  30  to  100 
percent  in  case  of  forced  ventilated  motors  in  actual 
practice.  This  is,  of  course,  fully  worth  while,  and 
the  use  of  ventilated  motors  can,  therefore,  be  fully 
recommended  in  all  cases,  except  where  special  local 
conditions  would  increase  the  maintenance  for  the 
motors  very  much  on  account  of  the  motors  being 
open. 


The  Engineering  Evolution  of  Electrical 

Apparatus — XIII 

THE  DEVELOPMENT  OF  THE  DIRECT-CURRENT  GENERATOR  IN  AMERICA.— (Cohc/.) 

B.  G.  Lamme 

Cliief  Engineer, 

Wcstinghouse  Electric  &  Mfg.  Company 

SPECIAL  ^CLASSES  OF  DIRECT-CURRENT  MACHINES  These  had  carboii  brushes.     No  particular  trouble 

IN  THE   foregoing,  direct-current  generators  and  ^^'^^  encountered  in  the  operation  of  these  machines, 

motors   in  general  have   been   considered.     How-  except  it  was  found  that  rather  careful  adjustment 

ever,  there  are  several  rather  special  classes  or  "f  the  two  sets  of  brushholders  was  necessary  in 

types  of  machines  which  merit  separate  considera-  order  to  produce  proper  division  of  load.    After  this, 

tion,  in   some  of  their   features.     Among  these   are  ^^m  time  to  time,  double  commutator  machines  of 

double-commutator  machines,  turbo-generators,  uni-  moderate  size  were  built,  and  it  was  found  in  some 

polar     generators,     and     double-current     generators  '^^^es  that  it  was  difficuh  to  divide  the  load  equally 

(a.c.-d.c.    machines).     Also,    commutating-polc    ma-  between  the  leads  from  the  two  commutators,  and 

chines   in   general   have   not   been   taken   up,   but   as  -^  the  same  time  obtain  good  commutation  at  both 

these  represent  practically  the  latest  great  step  in  sets  of  brushes.     Various  schemes  were  introduced 

the    direct-current    development,    and    therefore    are  ^'^^   overcoming   this    trouble.      In    some    cases,    the 


leads  from  the  two  commutators  were  tied  solidly 
together,   and   the   ammeter  was   connected   in    the 
combined  circuit.    The  brushes  on  the  two  commu- 
tators were  then  shifted  until  best  commutation  con- 
ditions   were   obtained.       Later   experience    showed 
pretty  clearly  that,  under  this  condition  of  best  com- 
mutation,  the   two   commutators   were   usually   sup- 
plying quite  unc(|u;il  currents,  csi)ecially  where  both 
were    connected    to    one    armature    winding.      This 
cured  the  trouble  simply  by  hiding  it.     In  one  plant, 
where  some  4  000  ampere,  250  volt,  double  commu- 
tator  generators    were    installed,    it    was    found    that 
with    the   best   commutation,   one   commutator    sup- 
plied 3000  amperes,  while  the  other  furnished  only 
1 000.      No    adjustment    of    the    brush    lead    would 
overcome    this    and    maintain    good    commutation. 
When  one  commutator  carried  3  000  amperes  with- 
out  sparking,   then   the   brushes  on   the   other   one 
could    not    be    rocked    from    the    i  000   ampere    non- 
sparking   position    into    a    position    where    it    would 
divide  current  equally   with   the  other  commutator, 
without   sparking.     There   appeared   to   be   no   non- 
sparking  position   which    would   give   equal   current 
division.     Finally,  a  low  resistance  in  the  form  of  a 
heavy  cast  iron  grid,  was  introduced  into  the  leads 
from    the    higher    current    commutator,     with     the 
lirushes  on  both  commutators  set  for  the  best  com- 
mutation.    This   forced   a   larger   percentage   of   the 
current  to  pass  through  the  other  commutator,  and 
thus  equalization  was  obtained.     It  was  surprising 

,,,,,,  ,         _   --   —  ...„  commu- 

were  required  to  handle  the  large  current.  tator  loads.     This  case  illustrates  the  general   dif- 

In  1893,  the  Westmghouse  Company  built  some     ficulty   which   appeared   in   double   commutator  ma- 

60  volt,  3  <K.o  ampere,  six-pole  belted  generators  with     chines   of   larger   capacity   when    one   winaing   only 

two   commutators   connected    to   the   same   winding,     was  used.     This  led  the  Wcstinghouse  Company  to 


newer  in  history  than  the  above  special  types,  the 
latter  will  be  considered  first. 

DOUBLE-COMMUTATOR    MACHINES 

By  this  is  meant  an  armature  with  two  separate 
commutators,  usually  placed  at  opposite  ends  of  the 
armature  core.  Such  machines  usually  have  been 
designed  only  for  very  special  purposes,  such  as  the 
collection  of  very  heavy  currents,  or  where  two 
separate  voltages  are  desired  from  the  same  arma- 
ture core.  Obviously,  where  the  current  to  be 
handled  is  too  large  to  come  within  the  limits  of  a 
single  commutator,  the  first  suggestion  would  be 
to  add  a  like  commutator  on  the  other  end  of  the 
armature,  and  preferably  connected  to  the  same 
armature  winding.  This  looks  like  a  simple,  easy 
solution  of  the  problem,  and  so  it  proved  to  be  from 
the  mechanical  or  constructional  standpoint  purely. 
From  the  electrical  standpoint,  it  sometimes  proved 
to  be  a  very  unsatisfactory  construction. 

The  earliest  machine  of  this  type  that  the  writer 
had  any  practical  experience  with  was  built  by  the 
United  States  Company  about  1890,  this  being  of 
the  Weston  type,  previously  described.  This  was 
a  two-pole,  200  kw,  60  volt  machine  and  liad  a  com- 
mutator at  each  end  connected  to  a  common  winding 
of  the  surface-wound  type.  This  machine  was  not 
very  successful  and  was  later  provided  with  a  slotted 
type  of  armature,  which  was  also  not  entirely  suc- 
cessful, <lue  largely  to  the  fact  that  copper  brushes     how  little  was  required'tobalance' the  Two 
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advocate  two  independent  armature  windings  when 
double  commutators  were  required.  With  this  ar- 
rangement, any  equality  of  current  would  mean 
inequality  in  resistance  drops,  which  would  tend  to 
equalize  the  loads.  A  number  of  armatures  of  this 
type  were  actually  built. 

It  may  be  of  interest  to  note  that  the  largest 
capacity,  highest  speed  machine  ever  built  by  the 
Westinghouse  Company  had  two  commutators  con- 
nected to  a  single  armature  winding.  This  was  the 
generator  end  of  a  flywheel  type  motor-generator 
set  for  furnishing  current  to  a  reversing  mill  at  the 
Illinois  Steel  Company's  plant  in  South  Chicago, 
and  was  rated  as  a  3000  kw,  375  r.p.m.,  600  volt 
machine.  In  this  case,  however,  the  commutators 
feed  into  separate  loads,  which  are  adjusted  to 
divide  approximately  equally.  The  armature  of  this 
machine  has  some  unusual  constructive  features. 
On  account  of  the  large  output  and  high  speed,  and 
the  fact  that  the  load  varies  with  great  rapidity,  it 
was  desired  to  obtain  the  effect  of  one-half-turn 
armature  coils  instead  of  the  one-turn  coils,  which 
are  usual  practice.  The  armature  winding  was  made 
of  the  usual  parallel-drum  type  with  one  turn  per 
coil,  but  with  only  halt  as  many  coils  as  there  are 
bars  in  each  commutator.  The  commutators  were 
connected  to  the  winding  at  each  side  of  the  core 
in  the  usual  manner,  except  that  only  alternate  com- 
mutator bars  were  connected.  Then,  from  the  ac- 
tive bars  on  one  commutator,  strap  connections  or 
conductors  were  carried  under  the  armature  core  to 
the  idle  or  intermediate  bars  of  the  other  commu- 
tator, and  from  the  acti\e  bars  of  this  second  com- 
mutator similar  conductors  were  carried  through 
to  the  intermediate  bars  of  the  first  commutator. 
Thus  the  potential  of  any  intermediate  commutator 
bar  was  midway  between  the  potentials  of  the  two 
adjacent  active  bars,  and  the  result  was  equivalent 
to  the  use  of  a  half-turn  winding  on  the  armature. 
As  far  as  the  writer  knows,  this  is  the  only  large 
machine  ever  built  with  this  type  of  winding.  It 
has  been  in  successful  operation  for  a  number  of 
years. 

Another  type  of  very  large  capacity,  high-speed 
double  commutator  generator  was  built  by  the  G.  E. 
Company  fur  the  Niagara  Falls  plant  of  the  Alumi- 
num Company  of  America.  These  machines  are  of 
3  500  kw  capacity,  600  to  700  volts,  300  r.p.m.  and 
are  direct-coupled  to  waterwheels.  Each  commuta- 
tor carries  brushes  of  one  polarity  only.  The  num- 
ber of  poles  in  each  machine  is  comparatively  large 
and.  in  consequence  of  this  and  the  high  speed,  the 
distance  between  commutator  neutral  points  is  rela- 
tively small,  and,  presumably  to  avoid  crowding  the 
brushholders  too  much,  alternate  holders  are  omit- 
ted. Thus  one  commutator  has  only  positive 
brushes,  and  the  other  only  negative.  This  increased 
the   distance   between   Ijrushholders.   but,   of   course. 


did  not  increase  the  distance  between  adjacent 
neutral  points  on  the  commutator.  Therefore,  as 
regards  flashing  around  the  commutator,  this  double 
spacing  of  the  holders  may  be  considered  as  more 
or  less  fallacious.  Due  to  this  arrangement  of  brush 
holders,  some  unusual  commutator  and  brushholder 
operating  conditions  were  found.  The  two  commu- 
tators of  each  machine  did  not  polish,  or  "wear," 
equally,  due  largely  to  the  fact  that  in  one  commu- 
tator the  current  flow  was  entirely  from  the  brushes 
to  the  commutator,  while  in  the  other  it  was  the 
reverse,  the  efifect  of  which  has  already  been  de- 
scribed under  brushes  and  commutation.  However, 
these  machines  have  been  in  operation  for  a  number 
of  years,  and  the  above  is  not  intended  as  a  criticism 
of  this  particular  design,  but  is  merely  to  call  atten- 
tion to  a  very  unusual  construction. 

The  Bullock  Company,  some  years  ago,  built 
some  large  capacity  double-commutator  machines 
for  the  Massena  plant  of  the  Aluminum  Company  of 
America.  In  these  machines,  unbalancing  of  the 
commutator  current  was  encountered.  This  condi- 
tion was  corrected  by  the  use  of  brushes  of  different 
resistance  in  the  two  polarities  of  each  commutator. 

It  should  be  evident  from  the  preceding  that  the 
double-commutator  machines,  in  large  capacities,  as 
built  by  various  manufacturers,  have  necessitated 
either  special  operative,  or  special  balancing  condi- 
tions. The  trouble  is,  to  a  certain  extent,  an  inher- 
ent one.  The  advent  of  the  commutating  pole  ap- 
parently has  not  improved  the  position  of  the  double- 
commutator  machine,  and  at  the  present  time  such 
machines  are  only  recommended  where  some  very 
special  conditions  require   such   construction. 

DIRECT-CURRENT   TURBO-GENERATORS 

Direct-current  generators,  driven  by  steam  tur- 
bines, were  introduced  in  this  country  many  years 
ago  by  the  DeLaval  Company.  However,  these  gen 
erators  were  geared  to  the  steam  turbines  and  oper- 
ated at  only  comparatively  high  speeds.  They  were 
not  turbo-generators  in  the  modern  meaning  of  gen- 
erators direct-coupled  to  the  turbine.  It  is  in  this 
latter  type  that  special  features  are  involved. 

Probably  the  first  true  turbo-generator  which 
was  tried  in  commercial  service  in  this  country  was 
one  designed  by  the  Westinghouse  Company  in  1896 
lor  direct  connection  to  a  Parsons  5  000  r.p.m.  tur- 
bine. This  generator  was  designed  for  a  capacity  of 
120  kw  at  160  volts.  When  one  considers  that  this 
machine  had  a  speed  of  practically  double  that  of 
the  modern  turbo-generator  of  corresponding  capac- 
ity, it  may  be  appreciated  that  this  was  quite  a  prob- 
lem for  a  first  machine.  This  was  one  of  Mr.  N.  W. 
Storer's  early  "pets,"  and  it  required  an  extraor- 
dinary amount  of  petting  to  make  it  behave. 

The  real  operating  difficulties  in  this  machine 
were  due  to  the  exceedingly  high  speed.  There  was 
no   undue   difiiculty   in   making  an   armature   which 
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would  hold  together.  The  armature  had  partially 
closed  slots  with  two  rectangular  straps  shoved 
through  from  one  end  and  then  carefully  formed  at 
each  end,  over  supporting  shelves  or  brushes.  There 
was  a  commutator  at  each  end.  The  commutator 
peripheral  speed  was  over  8  ooo  feet  per  minute,  and 
herein  occurred  the  real  troubles  with  the  machine. 
There  were  four  poles  and  four  brush  arms,  with 
carbon  brushes  originally,  and  graphite  brushes 
later.  Neither  carbon  nor  graphite  was  successful, 
as  intimate  contact  between  the  brushes  and  com- 
mutator apparently  could  not  be  maintained  at  the 
high  commutator  speed.  Fine  V-shaped  grooves 
were  then  turned  in  the  commutators,  and  brushes 
of  parallel  brass  wires  were  used,  similar  to  these 
on  some  machines  in  England.  These  brushes  main- 
tained pretty  fair  contact,  but  with  the  slotted  type 
armatures  used,  the  commutating  conditions  were 
not  satisfactory  enough  to  allow  the  use  of  metal 
brushes.  There  was  always  more  or  less  sparking 
at  the  brushes,  so  that,  after  a  certain  amount  of 
service,  this  machine  was  taken  out.  It  was  rede- 
signed later  for  a  speed  of  3  600  r.p.m.,  but  appar- 
ently was  never  completed. 


FIG.    10 — R.\ni.\I,   TYPE  COMMUT.VTOR 

Turbo-generator  work  was  then  dropped  by  the 
Westinghouse  Company,  until  1904,  except  that,  for 
several  years  previous  to  this,  e,\citers  had  been  built 
from  time  to  time  for  direct-connection  to  turbo- 
alternators  at  both  1800  and  3600  r.p.m.  These, 
however,  were  usually  standard  machines  of  small 
capacity,  simply  modified  for  these  high  speeds.  Pre- 
vious to  1904  the  G.  E.  Company  built  and  put  in 
service  a  numbet  of  turbo-generators  of  moderate 
size,  which  operated  with  such  success  as  to  encour- 
age the  growth  of  this  business.  In  1904  the  West- 
inghouse Company  again  took  up  this  work,  and 
three  units  were  designed  of  100  kw.  200  kw  and 
500  kw  capacity,  the  latter  for  600  volts  for  railway 
work. 

The  100  kw  unit  was  designed  for  a  speed  of 
about  2000  r.p.m.  and  did  not  prove  such  a  difficult 
machine  to  build  or  operate.  The  200  kw  was  de- 
signed for  250  volts.  Two  of  these  machines  were 
put  in  operation  and  eventually  developed  commuta- 
tor trouble.  New  commutators  were  then  furnished 
of  the  radial  type,  such  as  the  British  Westinghouse 
Company  had  been  building.  In  this  radial  type 
commutator,  as  shown  in  Fig.   10,  the  brushes  were 


located  in  grooves  in  the  commutator  and  bore  on 
opposite  faces  of  the  grooves.  By  this  construction, 
much  higher  commutator  speeds  were  allowable, 
as  radial  vibration,  or  radial  inequalities  of  the  com- 
mutator did  not  afifect  the  brush  contact.  The  only 
two  machines  of  this  type  which  were  built  are  still 
m  service.  The  radial  commutator  construction, 
however,  as  used  on  these  two  machines,  proved  un- 
duly expensive,  and  no  more  were  built  for  service. 

The  500  kw,  600  volt  turbo-generators  operated 
at  a  speed  of  i  500  r.p.m.  The  commutator  speed 
was  about  5  500  feet  per  minute.  The  shrink-ring 
type  of  commutator  construction  was  used.  As  the 
metal  of  these  rings  was  very  close  to  the  commu- 
tator face,  any  little  arcing  or  sparking  was  liable  to 
bridge  over  to  the  rings  and  thus  cause  the  machines 
to  flash  over.  It  was  therefore  necessary  to  insulate 
these  rings  completely  in  order  to  prevent  flashing. 
This,  however,  was  successfully  accomplished.  In 
service,  these  Westinghouse  machines  operated 
fairly  well,  with  the  exception  of  certain  mechanical 
difficulties,  due  primarily  to  high  speed.  In  specific 
applications,  they  operated  very  well,  but  they 
proved  too  delicate  to  send  out  broadcast  and  their 
manufacture  was  dropped  for  awhile. 

In  1909,  turbo-generators  were  again  taken  up  by 
the  Westinghouse  Company.  In  this  case,  however, 
the  construction  was  limited  to  sizes  of  150  kw  and 
lower.  A  large  number  of  these  small  units  were 
put  out  and  have  been  quite  successful  from  the 
operating  standpoint,  but  they  were  expensive  to 
build,  from  the  generator  standpoint,  compared  with 
machines  of  similar  capacities  at  much  lower  speeds 
and  low  in  economy  on  account  of  low  turbine 
speeds. 

It  was  long  ago  recognized  that  the  turbo-gen- 
erator unit  was  a  bad  compromise  between  the  most 
desirable  turbine  and  generator  speeds.  In  general, 
the  highest  practicable  speed  for  the  generator  was 
much  below  the  desired  speed  for  the  steam  turbine. 
In  practically  all  cases  of  actual  turbo-generators, 
the  engine  was  therefore  operated  at  too  low  and 
the  generator  at  too  high  speed.  In  turbo-alterna- 
tors, the  capacities  and  speeds  w^ere  continually  be- 
ing increased,  while  in  direct-current  work  the  ten- 
dency, especially  in  larger  capacities,  was  toward 
lower  speeds.  Obviously,  this  was  going  in  the 
wrong  direction,  and  there  appeared  to  be  little  or 
no  hope  of  carrying  the  turbo-generator  into  the 
large  capacities.  Obviously,  the  solution  of  this  prob- 
lem lay  in  some  mechanical  or  electrical  form  of 
drive  which  would  allow  higher  turbine  speeds  and 
lower  generator  speeds.  In  the  electrical  drive,  a 
solution  was  obtained  by  substituting  for  the  genera- 
tor a  very  much  higher  speed  alternator,  the  current 
from  which  was  supplied  directly  to  a  rotary  con- 
verter of  any  preferred  speed.  In  a  500  kw  unit, 
for  instance,  a  3  600  r.p.m.  turbo  alternator  was  used 
instead  of  i  500  r.p.m.  required  with  the  direct-cur- 
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rent  unit.  This  enormous  gain  in  speed  was  suffici- 
ent to  offset,  in  cost  and  performance,  the  additional 
apparatus  required.  Moreover,  the  combination  was 
much  less  delicate  than  the  straight  turbo-generator. 
A  number  of  such  sets  was  supplied,  of*  capacities 
Irom  300  up  to  2  000  kw.  However,  a  mechanical 
solution  of  the  problem  was  then  brought  forward 
m  the  Westinghouse  floating  gear,  which  solved  the 
gear  problem  for  very  large  capacities,  and  allowed 
high-speed  turbines  to  drive  moderate  speed  genera- 
tors. In  this  way,  turbines  built  for  turbo-alternator 
units,  which  were  about  as  high  speed  as  practice 
would  permit,  could  be  connected  to  generators  de- 
bigned  for  motor-generator  sets  which  were  also 
usually  of  as  high  speed  as  best  design  would  permit, 
as  regards  cost  and  good  operation.  Thus,  with  this 
gear,  the  best  speed  conditions  for  both  engine  and 
generator,  could  be  obtained,  and  moreover,  standard 
turbines  and  generators  designed  for  other  purposes 
could  be  combined  in  one  unit — a  very  desirable  con- 
dition from  both  the  manufacturing  and  the  commer- 
cial standpoint. 

Quite  a  number  of  these  geared  sets  in  capacities 
trom  500  to  3  750  kw  have  been  built  and  put  in 
operation.  The  results  obtained  have  sealed  the 
doom  of  the  large  direct-connected  turbo-generator. 
In  fact,  they  are  so  favorable  that  there  is  good  rea- 
son to  believe  that  eventually  the  geared  sets  will 
be  carried  down  to  sizes  much  less  than  300  kw  with 
very  considerable  gain  in  economy  at  least.  This 
looks  like  a  logical  line  of  development. 

UNIPOLAR   GENERATORS 

The  saying  that,  "Happy  is  the  country  which 
has  no  history"  may  be  paraphrased  in  the  electrical 
manufacturing  business,  into  "Happy  is  the  com- 
pany which  has  no  unipolar  history."  Yet  there  was 
a  time  when  the  unipolar  generator  appeared  to  fill 
a  long-felt  want,  namely,  as  large  capacity  turbo- 
generators. It  was  long  ago  recognized  that  the 
turbo-generator  could  not  be  carried  to  large  capaci- 
ties unless  unduly  low  turbine  speeds  were  used. 
Against  this,  the  unipolar  generator  appeared  to  fur- 
nish a  satisfactory  means  for  getting  direct-current 
in  large  quantities,  and  at  commercial  voltages,  from 
very  high-speed  generators. 

From  the  standpoint  of  size,  weight  and  cost,  the 
higher  the  speed  of  the  unipolar  generator,  the  more 
commercial  it  becomes.  But  from  the  current-de- 
livering standpoint,  which  is  the  important  function 
of  the  machine,  the  higher  the  speed  the  more  diffi- 
cult does  successful  operation  become.  The  difficulty 
is  not  in  making  a  machine  which  will  hold  together 
£t  very  high  speeds,  but  is  almost  entirely  in  making 
the  current-collecting  devices  work  satisfactorily  at 
such  speeds.  In  the  unipolar  generator,  the  voltage 
obtainable  per  conductor,  that  is,  per  pair  of  collec- 
tor rings,  is  a  direct  function  of  the  section  of  the 
magnetic  circuit  and   of  the  number  of  revolutions 


of  the  machine.  But  the  collector  rings  must  sur- 
round this  magnetic  circuit,  and  therefore,  the  peri- 
pheral speed  of  the  collector  rings  is  also  a  function 
of  the  section  of  the  magnetic  circuit  and  the  revolu- 
tions. Therefore,  the  voltage  per  pair  of  collector 
rings  is  related  to  the  peripheral  speed  of  the  collec- 
tor rings;  and,  unless  a  relatively  large  number  of 
collector  rings  are  used  for  ordinary  commercial 
\oltage,  the  unipolar  turbo-generator  is  bound  to 
have  extremely  high  collector-ring  speeds,  practic- 
ally between  12000  and  20000  feet  per  minute.  By 
making  the  section  of  the  magnetic  circuit  larger 
and  reducing  the  speed  in  proportion,  the  peripheral 
speed  of  the  collector  rings  may  be  reduced  some- 
what, as  the  periphery  of  the  magnet  does  not  in- 
crease as  fast  as  its  section.  However,  this  cannot 
be  carried  very  far,  in  large  capacity  machines,  with 
cut  running  into  abnormal  weights  and  costs. 
Therefore,  in  large  capacity  unipolar  turbo-genera- 
tors, it  is  not  commercially  practicable  to  get  below 
certain  collector  ring  speeds. 

As  already  mentioned,  about  1904  there  was  a 
considerable  demand  for  large  turbo-generators. 
The  Westinghouse  Company  put  out  nothing  above 
500  kw,  but  the  General  Electric  Company  put  out 
a  few  much  larger  sizes,  such  as  800  kw  and  even 
one  of  I  700  kw  for  railway  work.  These  larger  ma- 
chines, however,  required  such  low  turbine  speeds 
as  to  be  commercially  unsatisfactory.  Moreover,  the 
generators  themselves  were  not  particularly  satis- 
factory, being  beyond  the  limits  of  practical  design 
of  those  days.  Therefore,  the  General  Electric  Com- 
pany, apparently  in  looking  for  a  substitute,  took  up 
the  unipolar  design  for  turbo-generator  work.  This 
did  not  appear  to  present  any  great  difficulties,  as 
the  unipolar  principle  had  been  well  proven  out 
years  before.  A  number  of  unipolar  generators  in 
capacities  up  to  500  kw,  and  even  one  unit  of  2  000 
kw  were  built.  These  machines  apparently  were 
very  proinising  at  first,  but  later  a  number  of  unex- 
pected difficulties  developed. 

In  1896,  and  later,  the  Westinghouse  Company 
built  and  disposed  of  a  number  of  small  three-\olt 
unipolar  generators  for  meter  testing;  but  about 
1906,  a  contract  was  obtained  for  its  only  large  uni- 
polar turbo-generator.  This  was  a  2  000  kw  ma- 
chine, 260  volts,  at  I  200  r.p.m.  This  differed  from 
the  General  Electric  machine  in  a  number  of  re- 
spects, having  a  considerably  lower  peripheral  speed 
at  the  collector  rings,  and  using  special  bronze  in- 
stead of  steel  in  the  rings.  It  turned  out  that  these 
two  differences  were  more  or  less  fundamental  in 
their  effect  on  the  operation.  This  machine  was 
Inally  put  into  successful  service  after  discouraging 
experiences,*  and  operated  satisfactorily  for  several 
years.     It  has  been  shut  down  verv  recentlv.  and  is 


♦"Development    of    a    Successful    2  000   kw    Direct-Current 
Turbo-Generator"— Mr.  B.  G.  Lamme,  Proc.  A.  I.  E.  E.,  June 
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now  held  as  a  reserve  to  a  rotary  converter  trans- 
forming plant,  which  has  taken  its  load.  This 
change  was  not  on  account  of  any  operating  defects 
of  this  unipolar  unit,  but  on  account  of  very  cheap 
power  rates,  a  condition  which  has  recently  been  re- 
sponsible for  putting  many  industrial  and  railway 
generating  plants  out  of  business. 

The  General  Electric  2  ooo  kw  unipolar  generator 
showed  difficulty  in  current  collection.  The  collector 
rings  were  of  steel  and  the  peripheral  speed  was 
about  40  percent  higher  than  on  the  Westinghouse 
machine.  These  conditions  introduced  certain  fun- 
damental difficulties  which  could  not  be  overcome, 
and  eventually  this  generator  was  replaced  by  an 
alternator  which  furnished  current  to  a  rotary  con- 
verter. 

These  two  cases  practically  end  the  history  of 
the  large  capacity  unipolar  generator  in  America, 
for  the  alternator,  with  rotary  converter,  and  the 
geared  generator,  as  referred  to  under  turbo-genera- 
tors, have  practically  put  the  unipolar  generator  out 
of  business. 

AC-DC    GENERATORS 

Both  alternating  and  direct  currents  have  been 
recjuired  from  the  same  generating  station  at  times, 
such  as  for  railway  service  directly  from  the  station, 
and  for  lighting  or  for  transmission  to  remote  rotary 
converter  or  motor-generator  substations.  There- 
fore, ever  since  both  alternating  and  direct  current 
have  been  generated  in  the  same  station,  there  have 
been  propositions  that  both  services  be  supplied  from 
cme  generator.  As  early  as  1893,  the  Westinghouse 
Company  took  a  contract  for  two  150  kw  generators 
capable  of  delivering  50  cycle  alternating  and  525 
\olt  direct  current  from  the  same  armature.  These 
were  8-pole,  750  r.p.m.  belted  machines,  and  there- 
fore were  not  unlike  other  belted  machines  of  that 
time,  in  speed  and  capacity.  The  larger  number  of 
poles  somewhat  complicated  the  conditions,  and 
made  the  commutation  more  difficult,  due  to  the 
comparatively  narrow  neutral  zones.  It  was  recog- 
liized  in  the  design  of  these  early  machines  that 
separate  excitation  would  be  required  on  account  of 
the  alternating-current  load,  as  it  was  well  known 
at  that  time  that  self-exciting  machines  were  very 
unstable  when  carrying  inductive  loads.  Also,  on 
account  of  the  two  classes  of  service  from  the  same 
machine,  it  was  considered  useless  to  compound  the 
machine  for  direct-current  load.  In  fact,  it  was 
pretty  thoroughly  recognized  that  in  general  the  two 
classes  of  service  could  not  be  very  consistently 
handled  from  one  machine. 

When  these  machines  were  put  on  test,  some  very 
interesting  results  were  obtained.  For  instance, 
when  an  alternating  inductive  load  was  thrown  off, 
the  direct-current  load  conditions  remaining  un- 
changed, the  voltage  would  rise  possibly  30  to  40 
percent,  due  to  the  fact  that,  as  alternating-current 


machines,  the  magnetic  circuits  could  not  be  highly 
saturated,  as  was  then  common  practice  in  direct- 
current  work.  With  the  high  resultant  voltage, 
there  was  liability  of  considerable  flashing  at  the 
commutator.  Also,  when  the  direct-current  termin- 
als were  short-circuited,  the  commutator  developed 
the  largest  fireworks  that  the  writer  has  ever  seen 
from  a  small  machine.  This  was  due  primarily  to 
the  separate  field  excitation  and  the  high  field  am- 
pere-turns compared  with  the  armature.  In  the 
ordinary  self-excited  machine,  there  will  usually  be 
\icious  fireworks  momentarily  in  case  of  a  short- 
circuit,  but  the  machine  quickly  "kills"  its  excita- 
tion. In  this  separately  excited  machine,  the  field 
excitation  was  not  killed  in  this  manner,  and  if  flash- 
ing or  "bucking"  was  once  started,  it  kept  up  the 
performance.  This  trouble  was  finally  reduced  by 
means  of  a  special  field  circuit  breaker  which  killed 
the  field  in  case  of  excessive  load. 

These  machines  were  so  sensitive  on  the  direct- 
current  end  that  the  writer  advised  against  their 
shipment.  However,  they  were  so  badly  needed  that 
they  were  sent  out  to  help  matters  temporarily,  and 
astonishing  as  it  may  seem,  additional  machines, 
exact  duplicates  of  the  first,  were  ordered  from  time 
to  time.  It  developed  that  the  power  company  used 
them  principally  for  alternating-current  work,  the 
direct-current  end  representing  reserve  or  emergency 
conditions  for  a  railway  plant.  They  were  perfectly 
satisfactory  as  straight  alternators,  and  they  could 
lave  been  used  to  supply  direct-current  if  any  emer- 
gency had  occurred. 

About  two  years  later,  the  Westinghouse  Com- 
pany sold  some  belted  a.c.-d.c.  machines,  in  which 
the  principal  service  was  to  be  direct-current  with 
some  alternating-current  to  be  taken  for  operating 
a  rotary  converter.  This  was  not  such  a  difficult 
condition,  and  proved  satisfactory  in  service.  The 
tendency  in  railway  work,  however,  was  toward  en- 
gine-type generators  almost  exclusively  and,  of 
course,  the  engine-type  a.c.-d.c.  generator  had  to 
receive  some  attention.  But  here  a  stumbling  block 
occurred  in  the  frequencies  and  the  usual  engine- 
type  speeds.  AVith  60  cycles,  for  instance,  an  engine 
speed  of  120  r.p.m.  (which  was  high  for  a  500  kw 
unit,  for  example)  would  require  60  poles  to  give 
the  desired  frequency.  But  a  60-pole  direct-current 
machine  of  500  kw  was  commercially  impracticable. 
The  same  held  true  for  practically  all  engine  speeds 
and  generator  capacities,  so  that  the  a.c.-d.c.  60 
cycle  engine-type  machine  was  never  considered 
commercial.  A  few  60  cycle  high-speed  belted  a.c.- 
d.c.  generators  were  sold,  these  being  usually  60 
cycle  rotary  converters  modified  into  generators. 

In  25  and  30  cycles,  however,  there  were  possi- 
bilities in  engine-type  generators  and  in  conse- 
quence, a  few  of  them  were  built.  The  Westinghouse 
Company  furnished  four  i  250  kw,  550  volt  a.c.-d.c. 
generators  with  32  poles  for  94  r.p.m.    Some  500  kw 
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slow-speed  machines  for  25  cycle  were  also  built. 
Quite  a  number  of  12-pole,  250  r.p.m.,  25  cycle  and 
14-pole,  257  r.p.m.,  30  cycle,  500  volt  a.c.-d.c.  direct- 
coupled  generators  were  built  and  put  in  service. 
Most  of  these  machines  were  intended  for  railway 
service  with  both  kinds  of  current,  the  alternating 
current  being  transmitted  to  rotary  converter  sub- 
stations. 

All  the  above  were  good  operating  machines,  but 
more  or  less  at  the  expense  of  abnormally  large  de- 
signs. They  had  to  be  made  with  exceptionally  good 
commutating  characteristics,  for  the  armature  re- 
action and  field  distortion  were  dependent  upon  the 
alternating  as  well  as  the  direct-current  loads. 

Apparently,  experienced  designing  engineers 
have  never  been  wildly,  enthusiastic  over  the  a.c.- 
d.c.  generator,  for  its  interfering  characteristics  were 
against  the  macliine.  In  consequence,  other  methods 
of  accomplishing  the  same  result  in  a  more  satisfac- 
tory manner,  were  given  very  careful  consideration. 
With  improvements  in  the  straight  alternator  and 
in  the  rotary  converter,  it  gradually  developed  that 
an  alternator  and  a  rotary  converter  could,  in  many 
cases,  be  built  as  cheaply  as  a  corresponding  a.c.-d.c. 
generator.  When  this  stage  was  reached,  the  a.c.- 
d.c.  generator,  in  most  cases,  had  no  real  excuse  for 
existing,  and  so  it  dropped  out  of  sight  commercially. 
Here  is  a  case  of  a  type  of  machine  which  at  one 
time  had  good  commercial  prospects,  but  which  is 
now  entirely  obsolete  from  the  manufacturing  stand- 
point. If  anyone  imagines  there  is  any  discredit  at- 
tached to  this  situation,  then  the  Westinghouse 
Company,  which  put  out  most  of  the  a.c.-d.c.  ma- 
chines, will  have  to  shoulder  the  greater  part  of  it. 
The  enormous  development  of  the  alternating-cur- 
rent power  stations,  with  rotary  converter  substa- 
tions, has  put  a  number  of  very  good  lines  of  appar- 
atus out  of  business. 

COMPENS.A.TING  AND  COMMUTATING-POLE  MACHINES 

The  commutating-pole  machine  is  the  latest  big 
step  in  direct-current  development.  It  is  very 
closely  allied  to  the  compensated  machine,  although 
it  may  be  noted  that  the  latter  came  into  use  many 
years  ago  while  the  straight  commutating-pole  type 
was  comparatively  modern  in  its  application.  Crude 
forms  of  compensating  windings  were  proposed 
comparatively  early  in  the  electrical  work.  How- 
ever, the  more  complete  form  in  which  the  distrib- 
uted compensating  winding  was  used  appeared  about 
1893.  This  was  the  Thompson-Ryan  compensating 
v/inding.  A  line  of  direct-current  generators,  known 
as  the  Thompson-Ryan,  was  put  on  the  market. 
However,  compensating  windings  did  not  come  into 
general  use,  apparently  because  the  conditions  under 
which  they  make  their  best  showing  did  not  exist 
at  that  time.  The  compensating  winding  possessed 
three  advantages:  i,  it  helped  commutating  condi- 
tions; 2,  it  reduced  the  maximum  voltage  between 


commutator  bars,  with  a  given  number  of  bars  per 
pole,  and  3,  it  allowed  a  higher  no-load  induction  in  the 
armature  teeth.  However,  when  the  first  compensating 
machines  were  brought  out,  none  of  these  advantages 
were  controlling — i,  due  to  the  fact  that  engine-type 
generators  then  practically  had  the  field,  and  in  such 
generators,  as  a  rule,  commutation  was  not  a  limit;  2, 
there  were  usually  more  commutator  bars  than  were 
actually  needed  as  regards  maximum  voltage  between 
bars ;  3,  those  slow-speed,  low  frequency  machines  usu- 
ally had  their  armature  teeth  worked  so  very  high  that 
the  elimination  of  the  cross-magnetizing  effect  of  the 
armature  would  not  mean  a  very  large  gain  in  permis- 
sible flux,  in  many  cases. 

The  real  field  for  compensating  windings  in  gener- 
ators was  in  high-speed,  high-frequency  machines  with 
a  small  number  of  commutator  bars  and  with  compara- 
tively low  teeth  saturations,  such  as  in  the  generators  of 
motor-generator  sets.  But  it  so  happened  that  when 
these  began  to  reach  their  limits  in  capacity  and  speed, 
commutation  was  the  first  serious  difficulty  encountered, 
and  the  adoption  of  commutating  poles  overcame  this, 
so  that  the  field  for  the  compensating  winding  was  again 
narrowed.  The  field  seems  now  to  be  limited  largely  to 
those  machines  in  which  cross  induction  is  objectionable 
and  where  there  is  need  for  reducing  the  number  of 
commutator  bars  per  pole  below  what  has  heretofore 
been  permissible  practice.  In  consequence,  the  compen- 
sating winding  has  recently  extended  only  to  two  new 
classes  of  apparatus,  namely,  very  large  motors  and  gen- 
erators for  reversing  mills  and  steel  plants,  and  high 
voltage  generator  work,  in  which  there  is  difficulty  in 
finding  room  for  the  requisite  number  of  commutator 
bars  without  excessively  high  commutator  peripheral 
speeds. 

The  commutating  pole  which  has,  during  the  past 
few  years,  come  into  such  general  use,  is  not  a  modern 
idea,  as  it  was  proposed  about  1889  to  1890  in  England. 
There  was  a  field  for  it  in  the  early  belted  multi-polar 
railway  generators,  but  before  practical  designs  pro- 
gressed up  to  the  point  of  commercially  using  such  a 
device,  the  engine-type  generator  came  in,  and  this,  to  a 
great  extent,  did  away  with  the  necessity  for  the  com- 
mutating pole.  Thus  the  commutating  pole  idea  dropped 
out  of  sight,  and  did  not  come  back  again  until  a  real 
need  for  it  developed.  This  was  apparently  in  connec- 
tion with  adjustable  speed  motors  having  speed  ranges 
of  three  or  four  to  one.  The  occasion  for  such  a  speed 
range  developed  in  connection  with  machine-tool  electric 
drives.  In  some  of  the  earlier  machine-tool  drives,  a 
two-voltage,  three-wire  supply  was  used.  With  such  a 
system,  a  shunt  motor  having  an  adjustable  speed  range 
of  two  to  one  by  means  of  a  shunt  field  could  be  given  a 
four  to  one  total  speed  range  by  means  of  the  three-wire 
supply  system.  This,  however,  was  a  rather  complex 
arrangement,  taken  as  a  whole,  and  was  not  of  general 
application,  and  it  soon  became  evident  that  a  four  to 
one  speed  range  in  the  motor  itself,  with  the  standard 
two-wire  or  one-voltage  supply  system,  would  be  much 


2l8 


THE   ELECTRIC  JOURNAL 


simpler  and  of  more  general  application.  This,  there- 
fore, led  to  the  four  to  one  adjustable  speed  motor  for 
such  service. 

Various  schemes  were  tried  for  building  such  motors, 
among  others  being  commutating  poles.    The  great  dif- 
ficulty, of  course,  was  to  maintain  good  commutation  at 
the  highest  speeds  and  weakest  fields.     Eventually  the 
commutating  pole  furnished  the  simplest  solution  from 
the  design  standpoint  and  was  adopted  by  a  number  of 
the   dififerent   manufacturing   companies,   the   Electro- 
Dynamic  Company  apparently  being  earliest  in  the  field. 
However,  the  use  of  commutating  poles  was  limited 
principally  to  such  special  service  until  occasion  arose 
to  apply  it   on   railway   motors.     The  railway  motor 
had   been   developed   into   a   well-established   piece   of 
apparatus,  with  apparently  only  a  few  serious  defects, 
among   which   was   an   occasional   tendency   to    "buck 
over,"   apparently    without    sufficient    reason    in    some 
cases.      This    was    credited    partly    to    "breaking-and- 
making"  the  circuits   when   passing  over  gaps   in   the 
trolley  system,  etc.    Under  such  conditions  it  was  found 
that  the  motors  would  take  a  comparatively  heavy  cur- 
rent rush  which  sometimes  would  cause  flashing.    Early 
tests  developed  the  fact  that  a  railway  motor  equipped 
with  commutating  poles  was  apparently  much  less  sen- 
sitive to  flashing  than  the  standard  type.     This  was  a 
promising  idea  and  was  quickly  followed  up.    This  was 
one  of  the  reasons  for  adoption  of  commutating  poles 
in   railway  motors,  but  there  was  quite  a  number  of 
other  reasons,  possibly  none  of  them  controlling,  but, 
taken  together,  they  made  quite  a  showing.     In  an  ex- 
tremely short  time  after  commutating  poles  began  to  be 
talked   about    for   railway   motors   they   became   pretty 
much  a  "fad,"  and  this  assisted  in  their  adoption.    This 
revolution  was  accomplished  very  quickly,  and  within 
about  two  years  after  they  were  first  considered  seri- 
ously, practically  everything  in  the  way  of  new  railway 
motors  was  of  the  commutating-pole  type.    But  this  was 
one  of  the  fads  that  lasted,  for  there  was  much  more 
merit  in  the  commutating  poles  in  railway  motors  than 
the  public  first  appreciated. 

The  quick  revolution  in  railway  work  accomplished 
by  commutating  poles  had  its  efifect  upon  all  other 
classes  of  moderate  and  large  sized  generators  and 
motors.  In  some  classes  of  apparatus  where  the  com- 
mutating pole  was  embodied  it  was  not  actually  needed, 
such  as  in  small  slow-speed  generators.  However,  in 
other  classes  of  machinery,  such  as  high-speed  gener- 
ators, it  practically  revolutionized  design  in  a  few  years' 
time  by  allowing  the  use  of  much  higher  speeds  for  a 
given  output,  or  much  larger  output  for  a  given  speed. 
This  was  true  particularly  in  those  cases  where  commu- 
tation was  the  real  limit.  The  commutating  poles,  in 
removing  this  limit,  or  greatly  increasing  it,  allowed 
radical  changes  in  the  design. 

It  has  long  been  known  that  maximum  outputs  for 
a  given  amount  of  material  meant  high  armature 
ampere-turns  for  a  given  size  of  armature.  Neverthe- 
less, such  constructions  could  not  be  carried  to  their 


logical  limits  in  the  usual  non-commutating  pole  ma- 
chines, due  to  limitations  of  commutation.  However, 
the  use  of  commutating  poles  overcame  this  difficulty, 
and  thus,  to  a  considerable  extent,  revolutionized  the 
design  of  moderate  and  high-speed  motors  for  general 
purposes.  A  leading  example  of  this  is  found  in  the 
Westinghouse  "SK"  line  of  motors,  which  was  designed 
with  commutating  poles  to  use  the  material  throughout 
to  the  very  best  possible  advantage.  This  line  was  de- 
signed with  a  view  toward  future  tendencies,  and  was 
apparently  considerably  ahead  of  the  times  when  it  first 
came  out,  judging  from  some  of  the  criticisms  which 
were  brought  against  it.  At  the  present  time  the  com- 
mutating-pole construction  is  used  in  practically  every- 
thing in  direct-current  apparatus  that  the  Westinghouse 
Company  builds,  with  the  exception  of  very  small  ap- 
paratus. Many  of  the  other  manufacturing  companies 
can  say  the  same. 

Since  the  commutating  pole  has  come  into  general 
use  generators  and  motors  for  some  very  extreme  appli- 
cations have  been  carried  out.  Very  large  capacities  of 
generators  at  speeds  undreamed  of  with  non-commu- 
tating-pole  machines  have  been  carried  through  success- 
fully. For  example,  a  3  000  kw,  600  volt,  375  r.p.m. 
generator,  forming  part  of  a  flywheel  motor-generator 
set,  was  furnished  by  the  Westinghouse  Company  for 
the  Illinois  Steel  Company  for  operating  a  large  revers- 
ing mill.  Also,  a  number  of  3  500  kw,  300  r.p.m.,  water- 
wheel  driven  generators  of  600  to  700  volts  were  fur- 
nished by  the  General  Electric  Company  for  an  alum- 
inum plant  at  Niagara  Falls.  These  two  examples  rep- 
resent about  the  extremes  in  direct-current  design  that 
have  yet  been  built ;  for,  while  larger  capacity  machines 
have  been  or  are  being  built,  yet  they  are  for  much  lower 
speeds.  In  these  two  extreme  examples,  furnished  by 
two  different  manufacturers,  there  are  certain  super- 
ficial resemblances.  For  example,  in  both  cases,  the 
armatures  are  of  the  double  commutator  type,  both  com- 
mutators being  connected  to  the  same  winding. 

In  slower  speed  machines,  some  3  750  kw,  270  volt 
Westinghouse  machines  at  180  r.p.m.  have  been  geared 
to  I  800  r.p.m.  steam  turbines.  These  are  possibly  the 
largest  current-capacity  machines  yet  built.  The  field 
for  large  direct-current  generators  now  appears  to  be 
limited  principally  to  electro-chemical  or  electro-metal- 
lurgical work  where  direct  current  is  necessary,  or  to 
special  applications,  such  as  certain  classes  of  mill  work, 
etc.  Some  comparatively  large  generators  have  been 
built  for  motor-generator  sets ;  but  the  synchronous 
booster  rotary  converter  now  seems  to  be  making  con- 
siderable headway  in  that  special  field  where  the  motor- 
generator  formerly  stood  alone,  namely,  where  fairly 
wide  variations  in  direct-current  voltage  are  required. 

HIGH  VOLTAGE  GENERATORS  WITHOUT  COMMUTATORS 

This  is  a  chapter  which  should  possibly  be  recorded 
simply  on  account  of  the  persistency  of  its  subject,  and 
of  the  vast  amount  of  unproductive  work  which  has 
been  expended  upon  it.     This  work,  however,  has  been 
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of  more  or  less  educational  value,  on  the  theory  that  as 
much  is  learned  through  failures  as  from  successes. 
The  production  of  unidirectional  high  voltage  in  gener- 
ators without  commutators  or  a  multiplicity  of  collector 
rings,  has  been  one  of  the  "will-o'-the-wisps"  of  the 
electrical  field.  Apparently  there  are  only  a  few  engi- 
neers and  analysts  who  have  gone  into  this  problem  so 
thoroughly  that  they  recognize  certain  fundamental  rea- 
sons why  such  machines  cannot  be  built. 

This  problem  may  be  compared,  in  some  ways,  with 
the  perpetual  motion  fallacy.  A  perpetual  motion 
scheme  may  be  made  so  complicated  and  may  involve 
so  many  principles  and  combinations  that  it  is  very 
difficult  to  put  one's  finger  on  the  real  fallacy;  yet,  if 
the  law  of  conservation  of  energy  is  brought  to  bear 
upon  it,  the  details  of  the  scheme  need  not  be  considered 
at  all,  for  this  one  fundamental  law  condemns  it  utterly, 
regardless  of  methods  or  means  involved.  In  the  same 
way,  in  the  direct-current  machine  without  a  commu- 
tator, certain  fundamental  principles  of  flux  cutting  and 
c.m.f.  generation  are  sufficient  to  condemn  all  machines 
of  this  sort,  regardless  of  their  type  or  construction.  In 
the  final  analysis  they  usually  come  down  to  one  effec- 
tive conductor,  or  turn,  per  pair  of  collector  rings,  which 
is  the  well-known  unipolar  generator.  However,  the 
fundamental  principles  are  difficult  to  make  clear  to  the 
inexperienced,  just  as  it  is  hard  to  convince  some  people 
that  the  law  of  conservation  of  energy  holds  good  over 
the  whole  finite  scale,  from  the  practical  standpoint. 
Therefore,  the  writer  anticipates  passing  upon  such 
schemes  in  future,  just  as  he  has  done  for  some  25 
years  past,  and  he,  coincidentally,  will  be  obliged  to 
dampen  many  bright  hopes. 

As  indicated,  the  fallacies  are  principally  due  to  mis- 
understanding of  fundamental  principles.  For  instance, 
a  favorite  scheme  is  to  have  the  "magnetic  lines"  of  the 
field  move  across  the  conductors,  or  vice  versa,  gener- 
ating e.m.f.  in  one  direction,  and  then  have  the  lines 
closed  back  on  themselves  through  some  path  which  the 
conductors  do  not  cut ;  not  recognizing  that,  as  the  mag- 
netic lines  are  closed  circuits  and  the  electric  circuit  is 
also  a  closed  circuit,  the  lines  cannot  be  cut  once  unless 
they  are  cut  twice,  if  the  action  is  to  be  continuous.  The 
second  cutting  is  always  such  as  will  generate  e.m.f.  in 
opposition  to  the  first,  and  the  only  way  to  avoid  cutting 
twice  is  to  interpose  some  relatively  non-moving  or  non- 
cutting  part,  which  means  two  sliding  contacts  for  each 
effective  turn.  This,  of  course,  leads  at  once  to  the 
usual  unipolar  generator  with  one  turn  for  each  pair  of 
collector  rings. 

As  another  instance,  a  common  mistake  has  been  to 
assume  that,  as  the  movement  of  the  coil  across  fluxes  or 
fields  of  alternate  directions  or  polarities  will  give  an 
alternating  e.m.f.,  therefore,  by  reversing  the  fields  at 
the  proper  rate,  the  armature  e.m.f.  will  be  correspond- 
ingly reversed,  thus  making  it  unidirectional;  whereas, 
in  fact,  it  is  still  alternating,  but  of  double  frequency. 

Other  schemes  involve  "inductor"  alternator  con- 
structions, with  a  view  to  obtaining  half  waves,  or  those 


of  only  one  polarity,  thus  giving  a  pulsating  unidirec- 
tional e.m.f.  In  such  schemes  the  various  transformer 
actions  and  the  reverse  cutting  of  the  flux  by  the  con- 
ductors are  usually  overlooked.  Still  other  schemes  are 
dependent  upon  the  assumption  that  magnetic  lines  may 
be  open  or  discontinuous ;  or,  if  continuous,  may  be 
stretched  or  lengthened  indefinitely.  Again,  combina- 
tions of  several  or  all  of  these  ideas  may  be  involved  in 
the  same  proposed  device,  thus  making  a  lucid  explana- 
tion almost  an  impossibility.  One  of  the  most  amusing 
schemes,  which  not  infrequently  appears,  is  where  the 
apparatus  generates  a  true  alternating  e.m.f.,  but  in 
which  the  inventor  has  followed  the  action  only  through 
one  e.m.f.  wave,  and  overlooked  the  rest  of  the  cycle. 

All  told,  probably  hundreds  of  thousands  of  dollars 
have  been  expended  on  this  general  fallacy,  and  doubt- 
less many  more  thousands  will  be  expended,  just  as  in 
the  case  of  perpetual  motion.  Moreover,  much  valuable 
time  has  been  expended  by  those  who  did  not  believe  in 
the  possibility  of  such  apparatus  in  showing  wherein 
individual  schemes  submitted  to  them  are  not  operative. 
The  writer  probably  has  been  requested,  two  or  three 
times  per  year  on  an  average,  to  make  a  careful  analysis 
and,  in  some  cases,  a  full  written  report  on  schemes  of 
this  nature,  which  have  been  submitted  to  the  Westing- 
house  Company.  In  fact,  he  has  repeatedly  threatened 
to  prepare  a  printed  form  which  could  be  used  as  a 
"blanket"  report  for  all  such  cases.  However,  the  fact 
that  many  of  these  cases  come  from  "very  good  friends" 
apparently  precludes  such  procedure. 

CONCLUSION 

As  will  at  once  be  noted  by  any  "old-timer,"  this  his- 
tory is  far  from  being  a  complete  one.  The  writer's 
endeavor  has  been  to  cover  those  points  within  his  direct 
knowledge  and  experience  which  have  had  an  important 
effect  on  direct-current  generator  and  motor  develop- 
ment; in  other  words,  he  has  attempted  only  to  hit  the 
"high  spots."  If  all  the  interesting  sidelights,  incidents, 
etc.,  within  his  own  experience  were  to  be  included  it 
would  have  extended  this  article  to  triple  length,  pos- 
sibly, and  it  would  have  become  much  more  reminiscent 
than  historical.  This  article  has  been  made  very  broadly 
impersonal,  as  due  credit  cannot  be  given  to  all  who 
have  expended  so  much  time  and  energy  in  bringing  the 
development  up  to  its  present  high  stage.  Occasionally 
personal  references  have  been  included,  partly  to  break 
up  the  historical  tenor,  and  partly  to  counteract  any  im- 
pression which  may  have  been  created,  wholly  uninten- 
tionally, that  the  writer  personally,  or  the  company  with 
which  he  is  associated  has  been  the  only  active  partici- 
pant in  this  great  development.  Much  of  the  history 
covering  the  inside  story  of  direct-current  generator 
development  has  never  been  recorded,  and  will  eventu- 
ally be  lost.  If  a  few  of  the  ancient  mariners  of  this 
sea  could  be  induced  to  tell  their  tales  it  would  be  a  boon 
to  the  younger  generation.  If  the  writer  has  aided  even 
a  little  in  preserving  this  early  history,  he  feels  thor- 
oughly repaid  for  his  effort. 
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Our  subscnbere  are  invited  to  use  this  department  as  a  means  of  securing  authentic  informilion  on  eJectricaJ  and  mechanical  subjects. 
Queetions  concerning  general  engineering  theory  or  practice  and  questions  regarding  apparatus  or  materials  desired  for  particulai  needs  will  be, 
answered.     Specific  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  cannot  be  supplied  through  this  department. 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query  A  personal  reply  is  mailed  to  each  questioner 
as  soon  as  the  necessary  information  is  available,  however,  as  each  question  is  answered  by  an  ejpert  and  checked  by  at  least  two  others,  a  reMon- 
aWe  length  of  bme  should  be  allowed  before  expecting  a  reply.     Care  should  be  used  to  hirnish  all  data  needed  for  an  intelligent  aniwer. 


1 1 86  — Transformer    Switching    Prac- 
tice— In  liigli  tensiim  switching  is  it 
a  general  rule  to  liaiuUe  the  load  on 
the   low-tension    side?      Is   there   any 
exception  to  this  rule  in  the  case  of 
transformers  in  parallel?     We  notice 
an  appreciable  jar  on  the  transformers 
when  cutting  in  our  low  side  last  in 
the  sub-stations,  which  is  not  present 
when  the  high  side  is  cut  in  after  the 
low    side     (a    live    6600-volt    trolley 
feeder),  and  therefore  the  load  is  al- 
ready on.  P.  H.  N.  (wash.) 
We  do  not  know  of  any  general  rule 
that  load  is  always  to  be  handled  on  the 
low-tension     side     of     tran.sformers     in 
parallel.     In  fact,  if  the  transformer  be 
excited  from  the  low-tension  side  before 
a  live  line  is  thrown  on,  and  the  high- 
tension  switches  closed  afterward,  it  wil' 
often  result  in  less  disturbance  on  the 
system    and    less    stress    on    the    trans- 
former windings  than  if  the  high-tension 
switch  is  closed  on  a  dead  transformer, 
and  the  load  is  then  thrown  on  the  low- 
tension    side,    because    the    high-tension 
windings  are  then  at  the  same  potential 
as   the   line,   and   synchronizing  is   then 
done    across    the    high-tension    switch. 
Many  plants  do  their  switching  on  the 
high-tension  side.    Some  have  no  switches 
in  the  low-tension  side.  b.  p.  e. 

1 187 —Two-Phase  Motor  Trouble— We 

have  a  one-half  horse-power  6o-cycle, 
two-phase,  four-wire,  220-volt,  350 
r.  p.  m.  motor  whose  stator  winding 
has  burned  out  twice  in  two  years. 
The  voltage  across  phase  A  is  230 
volts  and  across  phase  B  234,  and 
there  is  a  cross  voltaire  between 
phases  of  140  volts.  There  is  an  in- 
termittent ground  some  place  on  the 
line.  Can  you  see  any  possibility  of 
connection  between  the  ground  or 
other  conditions  on  the  line  and  the 
motor  burnouts?  F.  G.  F.  (w.  va.) 

From  the  statement  that  the  circuit  is 
four-wire  it  may  be  assumed  that  there 
is  no  intentional  cross-connection  be- 
tween the  two  phases.  The  existence  of 
a  voltage  between  phases,  when  meas- 
ured by  a  voltmeter  which  allows  very 
little  current  to  pass,  is  not  necessarily 
an  indication  that  there  is  a  direct  elec- 
trical connection  between  the  two  cir- 
cuits. Such  a  voltage  might  result  from 
capacity  effects  in  the  motor  windings 
themselves  and  it  might  also  result  from 
"porous"  insulation  somewhere  on  the 
system.  The  word  "porous"  is  used  to 
express  the  quality  of  low  dielectric 
strengtii  which  permits  small  leaks  over 
the  whole  .system,  and  these  i'l  the  aggre- 
gate seem  to  indicate  a  complete  break- 
down, but  in  reality  oflfer  considerable 
resistence  to  the  flow  of  any  appreciable 
amount  of  current.  Should  this  "phan- 
tom" voltage  be  caused  either  by  capac- 
ity or  by  general  low  dielectric  strength 
it  might  disappear  entirely  if  short-cir- 
cuited. Or  expressed  another  way  it 
has  the  same  characteristics  as  a  very 
high  resistance  ground  in  that  it  shows 
a  voltage,  but  this  voltage  is  incapable 
of   driving   any   appreciable    amount   of 


current  across  the  resistance.  .-Vnother 
possible  explanation  might  be  that  both 
phases  were  grounded  inside  the  motor. 
This  would  have  no  effect  in  causing  ex- 
change of  current  because  the  circuit  is 
not  completed  so  long  as  the  outside 
lines  are  clear.  However,  when  an  inter- 
mittent ground  occurs  outside  it  must 
complete  a  false  circuit  through  one 
phase  or  the  other  between  grounds  and 
cause  current  to  flow.  A  third  explana- 
tion and  one  that  seems  more  probable 
than  the  others  is  that  the  amount  of 
over  voltage  on  the  circuit  is  too  much 
for  a  motor  of  these  characteristics. 
This  speed  is  very  low  for  a  motor  of 
this  capacity  and  such  a  combination  of 
characteristics  may  be  more  sensitive  to 
voltage  variations  than  a  tnore  normal 
design.  It  is  quite  possible  tliat  this  ex- 
cess voltage  results  in  considerable  in- 
crease in  iron  loss,  which  coupled  with 
poor  ventilation  due  to  the  low  speed  re- 
sults in  a  gradual  roasting  out  of  the 
coils  and  after  a  period  of  months  shows 
itself  in  a  general  breakdown.        A.  M.  D. 

1188  —  Lightning  Arresters  —  Fig. 
1 188  (a)  shows  a  transformer  station 
supplied  by  two  22  000  volts  lines,  pro- 
tected by  lightning  arresters.  Pro- 
vision is  made  in  the  transformer 
house  for  an  outgoing  line  to  another 
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FIG.  1 188  (a) 

transformer  bank,  I  500  feet  distant. 
Is  it  necessary  to  protect  this  short 
line  with  lightning  arresters  at  both 
ends?  Would  it  be  sufficient  to  install 
arresters  as  shown  in  Fig.  1 188  (a) 
and  omit  them  at  Af 

W.  E.  N.  (PENNA.) 

Whether  an  arrester  is  required  at  A 
or  not  depends  on  the  value  of  the  ap- 
paratus concerned  and  the  importance 
of  continuity  of  service  In  gencr;.l  we 
would  say  that  one  arrester  would  be 
ample  for  a  i  500-foot  line  If,  however, 
no  arrester  is  installed  at  </,  the  choke 
coil  at  that  point  should  ha.e  consider- 
ably more  real  choking  power  than  most 
choke  coils  now  used.  0.  '>■  B. 

1 189  —  Induction    Motor    Windings  — 

la)  llroadly  speaking,  when  th*^ 
groups  of  an  induction  motor  winding 
can  be  paralleled  for  one-half  c"  one- 
fourth  voltage,  or  can  be  reconnected 
to  star  or  delta  to  suit  a  change  in 
service  voltage,  and  the  number  of 
poles  remain  the  same,  are  the  slip, 
power,  power-factor  and  efficiency  ma- 
terially altered?  (b)  Why  is  it  not 
necessary  to  make  corresponding 
changes   in   the   rotor   winding?      (c) 


To  secure  two-speed  operation  is  it 
good  practice  to  reconnect  for  conse- 
quent poles  as  for  paralleling  groups? 

J.  G.  B.    (C.M.IF.) 

(a)  No.  If  the  turns  in  the  coils  are 
changed  exactly  in  proportion  to  the 
change  in  voltage  and  everything  else 
left  tlie  same  there  would  be  no  change 
whatever  in  these  characteristics,  (b)  It 
is  not  necessary  to  make  changes  in  the 
rotor  winding  because  the  magnetic  field 
remains  the  same,  and  it  is  the  magnetic 
field  that  transfers  the  power  from  the 
stator  winding  to  the  rotor  winding.  If 
there  arc  X  turns  in  the  stator  winding 
on  220  volts  and  this  gives  350  volts  be- 
tween collector  rings  and  this  is  changed 
to  zX  turns  in  the  stator  and  put  on  440 
volts  there  will  still  be  350  volts  between 
collector  rings, because  the  magnetic  field 
remains  unchanged,  (c)  This  ai'.estion 
is  not  quite  clear.  Reconnecting  for  con- 
sequent poles  is  usually  combined  with 
paralleling  the  groups.  For  e.xample,  as- 
sume a  two-phase  winding  having  eight 
polar  groups ;  as  ordinarily  connected 
for  a  two-speed  rating,  the  four  polar 
groups  in  each  phase  would  be  connected 
for  the  same  polarity  and  tour  other 
magnetic  consequent  poles  would  result, 
giving  an  eight-pole  or  slow  speed  of  X 
horse-power.  For  the  high  speed  this 
would  be  changed  and  in  each  phase  two 
groups  would  be  connected  north  and 
two  groups  south,  giving  a  four-pole  or 
high  speed.  At  the  same  time  the  wind- 
ing would  be  put  in  two  parallels  in  each 
phase,  thus  halving  the  turns  and 
doubling  the  ampere  capacity  and  giving 
a  horse-power  rating  of  ^A'.  a.  m.  d. 

1 190  —  Wattless  Component  Meter  — 
Please  advise  what  a  wattless  compo- 
nent indicator  actually  measures.  How 
is  power-factor  calculated  from  read- 
ings of  wattless  component  meter  and 
indicating  wattmeter?  Can  an  indi- 
cating wattmeter  be  connected  to  read 
k.v.a.   If  so,  how?  v.  c.  d.  (n.  Y.) 

This  subject  is  discussed  fully  in  an 
article  on  "Measuring  Idle  >'o|i-Am- 
peres"  by  Mr.  H.  B.  Taylor  in  the  Jour- 
nal for  February,  1914,  p.  97.  Defining 
a  wattles  coniiionent  indicator  as  a  watt- 
meter which  has  been  connected  to  indi- 
cate the  product  of  the  voltage  times 
tlie  wattless  component  of  the  current, 
the  wattless  comiionent  measures  EI  sin 
©.  while  a  wattmeter  indicates  EI  cos 
«.  Dividing  the  former  by  the  latter,  the 
E  and   I   cancel   out,  giving  a  value  of 

^'"  „  which  is  equal  to  tan  8  From 
cos  e 

9  this  value  the  angle  and  the  cosine 
B  of  the  angle,  or  the  power-factor,  can 
be  looked  up  in  any  table  of  natural 
trigonometric  functions.  This  is  an  un- 
usual way  of  measuring  power-factor, 
but  is  theoretically  correct  for  sine 
waves.  There  is  no  way  by  which  an 
indicating  wattmeter  can  be  connected  to 
read  k.v.a.  The  value  of  k.v.a.  can  be 
obtained  by  dividing  the  reading  of  the 
wattmeter  by  the  power-factor  expressed 
decimallv.  c    R-  R- 
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PERSONALS 
Mr.  E.  M.  Smith,  formerly  manager 
of  the  Multi-Lux  Manufacturing  Com- 
pany of  Cleveland,  is  now  the  manager 
of  the  commercial  lighting  department 
of  the  Beardslee  Chandelier  Mfg.  Com- 
pany of  Chicago,  where  he  is  developing 
an  entirely  new  line  of  commercial 
lighting  units,  including  a  method  of 
standardizing  such  units  so  that  jobbers 
and  dealers  will  be  able  to  offer  a  large 
variety  of  fixtures  to  customers  while 
carrying  a  small  stock  of  parts  with  a 
relatively  small  investment.  Mr.  Smith 
was  formerly  with  the  Cleveland  office 
of  the  Westinghouse  Lamp  Company. 


Mr.  H.  S.  G.  Hurlbut,  general  mana- 
ger of  the  Pacific  Power  Company,  has 
resigned,  to  complete  his  course  of  en- 
gineering study  at  the  Nebraska  Engi- 
neering College.  Mr.  Hurlbut  took  the 
engineering  apprenticeship  course  at  the 
East  Pittsburgh  Works  of  the  West- 
inghouse Electric  &  Mfg.  Company  sev- 
eral years  ago. 


Mr.  W.  C.  Wurfel,  formerly  of  the 
Salt  Lake  City  office  of  the  Westing- 
house  Electric  Mfg.  Company,  has  been 
appointed  Pacific  Coast  manager  of  the 
Westinghouse  Lamp  Company. 


Steel  and  Iron  of  Pittsburgh  reprinted, 
in  its  issue  of  March  29,  the  article  by 
Mr.  W.  H.  Scherer,  entitled  "Die  Cast- 
ings," from  the  Journai,  for  March, 
1915- 


OBITUARY 
Mr.  Frederick  W.  Taylor,  the  father 
of  scientific  management  and  co-inventor 
of  the  Taylor-White  high  speed  metal 
cutting  steels,  died  unexpectedly  on 
March  21. 


NATIONAL  ASSOCIATION   OF 
CORPORATION  SCHOOLS 

The  third  annual  convention  of  the 
National  Association  of  Corporation 
Schools  is  to  be  held  at  Hotel  Bancroft, 
Worcester,  Mass.,  June  7-11.  An  invita- 
tion is  extended  to  representatives  of  all 
firms  interested  in  this  kind  of  work  to 
attend  the  convention. 


NEW  BOOKS 
"Wiring  of  Finished  Buildings" — Terrell 

Croft.      275    pages,    205    illustrations. 

Published  by  McGraw-Hill  Book  Co. 

Price,  $2.00. 

This  treatise  is  by  the  author  of  the 
"American  Electrician's  Handbook"  and 
deals  with  the  commercial  a.id  technical 
phases  of  the  subject  for  central  station 
men,  electric  contractors  and  wirin<^  men. 
Considerable  space  is  devoted  to  adver- 
tising and  soliciting  for  wiring  work, 
with  examples  of  wiring  campaigns 
showing  actual  forms  used  by  various 
public  service  concerns.  One  chapter  is 
devoted  to  costs  and  pricjs  of  wiring 
with  curves  showing  differences  in  wir- 
ing prices  in  different  communities.  The 
following  cliapters  are  devoted  to  spe- 
cific methods  of  wiring,  illustrating  the 
methods  of  working,  especially  in  fin- 
ished buildings,  and  showing  how  vari- 
ous obstacles  may  be  overcome,  both 
when  installing  rigid  condit,  flexible  con- 
dit  or  ordinary  knob  and  tube  work.  An 
unusual  number  of  kinks  for  placing 
wiring   in   accessible   locations    is   given 


along  with  illustrations  of  various  spe- 
cial tools  which  are  of  assistance  in 
wiring  work.  The  expert  wiring  of  fin- 
ished houses  expeditiously  and  without 
disturbing  the  occupants  is  a  knack 
which  it  is  difiicult  for  some  to  acquire. 
Others  seem  to  know  by  intuition  just 
how  to  install  wiring  with  the  least  waste 
of  time,  material  and  disorder.  A  con- 
tractor may  consider  himself  lucky  when 
he  secures  one  or  more  men  of  the  latter 
type,  who  will  not  only  do  good  work 
but  make  a  good  impresisou  on  the  iob. 
This  book  should  be  of  much  value,  espe- 
cially to  those  who  have  not  acquired 
expertness  through  years  of  actual  train- 
ing. A.  H.  M. 


"Fifth  Annual  Report  of  the  Board  of 
Supervising  Engineers,  Chicago  Trac- 
tion." 267  pages,  illustrated.  Pub- 
lished by  the  Board. 
This  report,  in  continuation  .if  pre- 
vious reports,  contains  a  summary  of 
previous  reports  followed  by  financial 
exhibits  and  schedules  in  detail  with  the 
final  report  of  the  chief  engineer  of  the 
work.  Eight  chapters  are  included  on 
cars  and  equipment,  electric  pl.-s.nt  and 
line,  track  and  roadway.  Nearly  half  of 
the  book  is  devoted  to  general  specifica- 
tions and  these  should  be  very  valuable 
to  all  those  who  have  to  do  with  track 
construction,  underground  and  overhead 
cable  material,  trolley  construction,  car 
house  and  sub-station  buildin?.  power 
plant  equipment,  cars  and  equipment, 
tunnels  and  viaducts,  etc.,  as  the  specifi- 
cations here  given  have  been  worked  out 
very  thoroughly  and  used  under  practical 
working  conditions  in  the  work  of  re- 
habilitation in  the  city  of  Chicago. 


"Bonds  and  Stocks — The  Elements  of 
Successful  Investing" — Roger  W.  Bab- 
son.  417  pages.  Published  by  the 
Babson  Statistical  Organization.  For 
sale  by  The  Et.ectric  Journal...  Price, 
$2.00. 

To  the  technical  reader,  the  subject 
rnatter  of  this  book  has  a  dual  value. 
First,  to  those  who  are  thrifty  and  ac- 
cumulate sufficient  savings  out  of  their 
earnings,  it  explains  how  to  place  an 
investment  by  systematic  study  and  in- 
telligent forsight  Secondly,  to  those 
who  are  dependent  upon  our  industries 
for  their  livelihood  it  affords  an  appre- 
ciation of  how  the  financial  and  business 
condition  of  the  enterprise  will  ulti- 
mately be  judged  before  its  securities 
are  sought  by  the  public  and  fresh  capi- 
tal provided  for  extensions  and  larger 
opportunities.  In  the  first  chapter  the 
author  lays  down  splendid  principles  for 
the  young  man  to  follow  in  building  up 
a  competency  and  establish  his  credit  in 
such  a  way  as  to  open  avenMC^  for 
securing  and  increasing  his  holdings.  The 
value  of  properly  selecting  his  hank  is 
described  in  the  succeeding  chapter,  and 
the  manner  in  which  a  good  bank  may 
be  of  service  in  selecting  investments. 
In  the  next  two  chapters  the  precautions 
to  be  observed  in  investing  are  set  forth. 
The  principal  terms  used  in  the  financial 
world  are  given  with  importan'  ?''-cus- 
sion  as  to  the  different  kinds  •.'  iv.vest- 
ments.  In  a  second  section  ->f  the  book, 
the  different  classes  of  corporation-  issu- 
ing securities  are  named  as  Railroads, 
Electric  Railways,  Lighting  Companies. 
Telephone  Companies,  Water  Power, 
Municipal  Corporations,  etc.    With  Elec- 


tric Railways  tlie  character  of  the  fran- 
chise is  made  a  prominent  factor,  the 
amount  of  the  earnings  and  the  nature 
of  the  management  are  also  to  be  given 
due  consideration.  The  growth  of  the 
vicinity  and  the  development  of  the  tran- 
sit facilities  are  mentioned  as  insuring 
the  permanency  of  these  securities.  It 
also  shows  that  the  proper  attitude  on 
the  part  of  the  traveling  public  must 
be  cultivated  by  the  railway  company. 
Lighting  companies  are  treated  in  a  sim- 
ilar manner.  The  possibilities  of  com- 
petition on  tlie  one  hand  and  protection 
obtained  through  public  service  commis- 
sion are  noted.  The  number  of  condi- 
tions surrounding  the  safety  of  wnter 
power  investments  are  presented  at 
length.  While  there  are  successful 
hydroelectric  plants  in  operation,  the 
cause  of  lost  investments  in  inanv  others 
are  given  much  space.  The  book  con- 
tinues with  chapters  on  municipal  securi- 
ties, defaulted  bonds,  copper  s*-ocks  and 
other  mining  securities,  concluding  with 
supplementary  suggestions  on  the  money 
market  and  investment  prices,  effect  of 
gold  production  on  prices,  investing  in 
new  propositions  and  "Investing"  the 
new  profession.  E.  D.  D. 


"High  Power  Gas  Engines" — C.  H 
Dubbel,  197  pages,  422  illustrations,  13 
plates.  Published  by  D.  Van  Nostrand 
Co._    Price,  $5.00. 

This  book  is  devoted  to  the  design  of 
large  gas  engines  and  is  largely  predi- 
cated upon  the  experience  of  prominent 
builders  in  Germany  and  to  some  extent 
of  the  British  and  American  manufac- 
turers. Theory  is  discussed  in  a  h'mited 
way.  but  sufficiently  to  introduce  all  *hat 
is  necessary  in  practical  designing.  Cyl- 
inders and  valve  gears  are  treated  from 
the  standpoint  both  of  economical  com- 
bustion and  mechanical  construction. 
Other  details  are  taken  up  in  1  similar 
manner,  including  proper  fly-wheel, 
weight,  etc.  In  the  matter  of  design, 
the  author  pre-supposes  that  the  reader 
is  acquainted  with  the  strength  and  nec- 
essary proportions  of  ordinary  struc- 
tures, and  this  work  simply  talres  up  the 
problem  from  that  point.  While  this 
book  is  principally  for  the  designer,  it  is 
likewise  of  value  to  the  operator,  en- 
abling him  to  understand  better  the  at- 
tention required  in  the  running  of  high- 
power  engines.  The  several  chapters 
given  over  to  the  discussion  of  features 
of  economical  combustion  can  be  studied 
profitably  by  those  concerned  in  effi- 
ciency test  and  performance.  t.  D   D. 


"Elementary  Electricit}-  and  Magnetism" 
— William  S.  Franklin  and  Berry  Mac- 
Nutt.     174  pages,  152  illustrations,  5x8 
inches.     Published  by  the   Macmillan 
Company.      Price,   $1.25. 
Tlie  discussions  in  this  text-book  can 
very  properly  be  classified  under  electro- 
mechanics:   that  is,   no  consideration  is 
given   to  the  nature  of  the  di.''tiirbance 
which  constitutes  a  magnetic  field  or  thi 
stress  which  constitutes  an  electric  field. 
It  treats  of  the  means  used  and  the  re- 
sults secured  in  an  elementary  manner 
under     such     headings     as     magnetism, 
chemical  and  heating  effects  of  the  elec- 
tric    current,      induced      electro  motive 
force,  electric  charge  and  the  condenser. 
Problems   and  answers  are  included  at 
the  chapter  ends. 
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Modern  Brakes  control  Modern  Trains  more  perfectly  and 
with  greater  safety  and  economy  than  ever  before  in  the 
History  of  the  Art. 

If  Necessity  is  the  Mother  of  Invention,  then  Inertia  is 
the  Father  of  the  Air  Brake. 


Suggested  by  the 


TV  -W  •  .J.    4* 


Inertia 

What  it  means  in  Railroad  Engineering)  f  ? 


.5.  <. 


Inertia    is   the   tendency   of  a    body    at    rest   to   remain    at   rest;  tj;  '^ 

or  of  a  body  in  motion  to  continue  in  motion.  I-I  IJ! 

The    Inertia    of   any    moving    train    can    be    indicated    in    terms  -:•  -:• 

I  %  of    energy,    which    is    equal    to    one-half    the    mass    multiplied  ?  ? 

t  t  by    the   square    of   the    velocity,    and   usually    expressed    in  foot  ?  Ij- 

.5.  .|.  pounds.  V  V 

%  %  If  a  modern  six  car  passenger  train   weighs   1,500.000  pounds  ;■;  ■> 

I  and    attains    a    speed   of   60    miles    per    hour,    it    has    accum-  *  * 

?  ulated    over    one     hundred    and    eighty     million    foot    pounds 

of  energy  tending  to  ^eep  that  train  in  motion. 

j'  j-  Inertia    is    what    the    Air    Braise    is    up    against.       The    con-  %  | 

j  •>  irol  of  Inertia  or   the  Energy  of  moving  trains   was    a    mans  Ijl  '.^ 

X  i  job    in    1870,    when    air    brakes    were   first    applied.       Today  '4.  Z 

±  jl  — 45     years     later— this     problem— with     Transportation     itself  '^  ? 

;J:  :i:  — has  grown  to  giant  proportions.  •:•  •:• 

t  <•  What  is  the  answer?  •>  i 


J. 


3.  ♦ 


II  Westinghouse    Traction    Brake    Company  || 

t  t  WORKS:  WILMERDING,  PENNSYLVANIA  t  t 

t    t       PITTSURGH :   We.tinghouse  Building  NEW  YORK :  City  Inveiting  Building  •>    •> 

t.    %       CHICAGO     Railway  Exchange  Building  ST.  LOUIS :  Security  Building  .5.4. 

5.  X  "^  *^ 
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Progress  in 

the  Electric 

Industry 


The   Annual    Convention   of   the    Na- 
tional Electric  Light  Association  each 
vcar  marks  a  milestone  in  the  progress 
ijf  things  electrical.     It  is  the  one  great 
association  that  represents  the  indus- 
try in  a  national  sense  in  the  eyes  of  the  public,  and  its 
acts  give  form  and  substance  to  the  policies  by  which 
the  public  determines  its  opinion   with   respect  to  the 
industry  for  which  the  Association  has  come  to  stand. 
The  electric  industry,  so  called,  is  unicjue  in  that  it 
comprises  within  that  designation  those  who  make  and 
market    "electricity"    as    a   commodity    and   those   who 
manufacture  and  sell  machinery  and  apparatus  for  the 
production  of  the  commodity.    The  two  branches  of  the 
industry  are  co-related  and  dependent  for  their  success 
each  in   its  particular  field  upon  the  otlier.      It  is  not 
going  too  far  to  say  that  the  state  of  the  industry  of 
making  and  selling  electricity  today  is  largely  due  to  the 
work,  foresight  and  courage  of  those  who  make  and  sell 
the  apparatus  from  which  electricity  is  produced.    That 
this  is  true  does  not  minimize  the  great  credit  that  is  due 
to  those  who  have  had  the  courage  to  invest  large  sums 
of    capital    upon    the    "say    so"    of    the    inanufacturer, 
thereby  creating  a  market  for  those  inventions  and  im- 
provements so  essential  to  the  life  of  the  whole  industry. 
While  the  Association  admits  to  its  meetings  and 
committees  the  representatives  of  the  manufacturers,  it 
is  primarily  because  its  own  members  can  thereby  profit 
by  this  co-operation  and  by  the  discussions  that  follow, 
and  not  because  the  Association,  or  its  members,  are 
particularly  or  really  at  all  interested  in  the  problems  of 
the  manufacturer  per  se  except  in  so  far  as  those  prob- 
lems may  have  a  bearing  and  an  influence  upon  their 
own.     To  say  that  the  manufacturer  does  not  profit  by 
this  relationship  would  be  wide  of  the  mark,  but  it  is 
nevertheless  true  that  the  most  desirable  co-operation 
is  not  achieved,  because  the  two  great  branches  of  the 
industry  are  related  in  the  position  of  buyer  and  seller 
with  the  inevitable  pressure  which  the  buyer  can  always 
exert  upon  the  seller,  and  with  the  consequent  failure 
of  the  complete  co-operation  so  desirable  when  one  con- 
siders the  real  identity  of  interest  that  exists.    That  this 
fundamental  identity  of  interest  really  exists  is  realized 
and  appreciated  by  some.     If  that  fact  could  be  appre- 
ciated by  all,  it  would  go  a  long  way  toward  establishing 
stability  in  the  whole  industry  which  would  react  not 
alone  to  the  benefit  of  one  branch  or  the  other,  but  to 


both  and  to  the  i)ublic  who,  after  all,  must  be  served,  and 
served  well. 

The  electric  manufacturing  industry  is  not  in  a 
healthy  condition.  Its  very  diversity  has  rendered  it 
impossible,  at  least  so  far,  for  it  to  form  an  association 
of  its  own  to  further  its  interests.  The  National  Elec- 
tric Light  Association  has  apparently  not  deemed  it  wise 
to  recognize  the  oneness  of  the  interests  of  those  labor- 
ing in  the  electric  field  so  far  as  that  applies  to  the 
activities  of  the  Association. 

The  National  Electric  Light  Association  has  before 
it,  in  the  writer's  judgment,  a  great  opportunity  as  the 
National  Association  of  Electric  Industry,  with  two 
great  and  equal  departments — central  stations  and 
manufacturers,  respectively  ;  each  with  co-ordinated  and 
equal  representation  on  the  governing  bodies  and  as 
officers  ;  each  co-operating  with  the  other ;  each  studying 
the  needs  and  necessities  of  the  other,  to  the  end  of  pro- 
viding that  which  is  best  for  the  whole  industry ;  meet- 
ing each  other  in  committees  and  in  its  meetings  as 
equals  in  the  sense  that  that  which  is  good  for  both  is 
the  only  thing  that  will  make  for  permanency  in  the  in- 
dustry. A  relationship  so  established  which  would  elim- 
inate in  the  Association  the  question  of  buying  and  sell- 
ing, which  would  establish  a  common  ground  of  equal 
interest,  a  common  ground  of  real  and  sympathetic  in- 
terest on  the  part  of  each  in  the  real  problems  of  the 
other ;  would  inaugurate  a  new  era  in  the  electric  indus- 
try having  in  it  the  elements  of  progress,  efficiency  and 
stability — the  end  for  which  all  earnest  men  are  striving. 

L.  A.  Osborne 
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A  recent  visit  liy  the  writer  to  some 
notable  power  stations  has  empha- 
sized l)y  forcible  contrasts  the  recent 
Power  Houses  changes  which  have  taken  place  in 
the  generation  of  electric  energy.  A 
familiarity  with  these  stations  when  they  were  original- 
ly constructed  has  given  peculiar  and  concrete  interest 
in  these  changes.  Fifteen  years  ago  two  great  power 
stations  were  erected  in  New  York  City,  one  for  light- 
ing and  general  power  service,  the  other  for  the  ele- 
\ated  railway.  The  New  York  Edison  Company  had 
its  beginning  in  1882  in  the  Pearl  Street  Station,  which 
was  the  first  city  central  station  in  America  for  sup- 
plying incandescent  lighting  on  the  three-wire,  220  volt 
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system.  Economic  distribution  by  this  system  was  lim- 
ited to  a  radius  of  about  half  a  mile.  Additional  steam 
stations  were  installed,  and  it  was  planned  to  locate 
thirty-six  such  stations  south  of  59th  Street.  The  ad- 
vent of  alternating-current  transmission  and  rotary 
converter  substations  changed  these  plans.  The  Waler- 
side  station  was  planned  as  the  single  power  house  for 
replacing  the  numerous  small  steam  stations.  It  was 
laid  out  on  a  new  scale  of  magnitude  and  economy.  The 
size  of  the  unit,  3  500  kilowatts,  was  unusual.  The 
station  was  designed  for  sixteen  such  units  driven  by 
vertical  comi^ound  engines.  As  originally  planned, 
the  station  was  never  completed,  as  only  eleven  en- 
gines were  installed.  After  five  years,  suhse(|ucnt  ad- 
ditions were  made  with  steam  turbines,  first  of  5000 
kilowatts  and  later  of  10  000  kilowatts,  and  then  a 
part  of  the  engine  units  were  removed  for  the  installa- 
tion of  20  000  kilowatt  turbine  units.  The  total  capac- 
ity of  the  ])lant  was  thcreiiy  increased  from  the  in- 
tended total  of  56000  kilowatts  to  an  actual  total  of 
123  500  kilowatts.  An  adjoinini;-  station  was  built 
some  si.x  years  ago,  in  which  large  turbines  have  been 
installed,  the  largest  unit  being  30000  kilowatts.  The 
aggregate  of  the  adjoining  power  houses,  which  are  so 
interconnected  that  they  are  virtually  a  single  plant,  is 
215000  kilowatts — the  largest  steam  plant  in  the 
world.  The  original  plant  was  laid  out  for  what  was 
thought  to  be  provision  for  ten  years'  growth,  but  after 
fifteen  years  the  capacity  is  approximately  four  times 
that  originally  contemplated.  It  would  have  re(|uired 
sixty  ot  the  original  units  to  have  attained  this  capacity. 
The  largest  unit  has  a  capacity  of  nearly  ten  times  that 
of  the  original  unit. 

The  change  from  steam  to  electricity  on  the  Alan- 
hattan  Elevated  Railway  of  New  York  was  a  most 
notable  event  in  electric  railway  development.  .A  great 
power  house  was  erected  at  74th  Street  in  which 
were  installed  eight  5  000  kilowatt  generating  units, 
driven  by  combined  horizontal  and  vertical  Corliss  en- 
gines, one  vertical  and  one  horizontal  cylinder  acting  at 
each  end  of  the  shaft.  These  enormous  machines  stand- 
ing some  43  feet  high  were  regarded  at  the  time  as  being 
about  the  iiraclical  limit  in  capacity  for  engine-driven 
units.  It  was  thought  likely  that  they  might  Ijecome  the 
tyi)e  of  machine  which  would  be  generally  installed  for 
large  power  purposes,  .\ftcr  a  single  additional  station 
for  sui5i)lying  the  Xew  York  subways  was  erected,  the 
type  soon  disappeared.  These  two  railwa\-  power  houses 
were  soon  operated  in  common  by  the  Interborough 
Rapid  Transit  Company.  When  an  increase  in  capacity 
became  necessary  the  later  station  received  low  pressure 
turbines  of  7  500  kilowatt  capacity  for  operating  in  con- 
junction with  the  engines.  The  engine  rating  was  in- 
creased to  7  500  kilowatts  so  that  the  new  double  units 
had  a  capacity  of  15000  kilowatts  (or  three  times  the 
rated  capacity  of  the  original  unit). 

In  the  74th  Street  Station  an  increase  of  capacitv 
was  necessary,  but  instead  of  adding  low  pressure  tur- 


l)ines  to  the  engines  a  more  radical  treatment  has  re- 
sulted in  the  complete  elimination  of  the  engine-driven 
units  and  the  blasting  away  of  their  concrete  founda- 
tions to  make  room  for  turbines  of  30000  kilowatts 
capacity.  These  are  of  novel  form ;  the  imus  are  cross- 
compound,  the  high  pressure  element  oiierating  at 
I  500  r.p.m.  and  the  low  pressure  at  750  r.jj.m. :  the 
two  generators  are  connected  electrically  as  a  single  unit, 
ihe  floor  space  of  the  original  5  000  kilowatt  unit  now 
gives  place  to  one  of  six  times  that  rating.  The  original 
units  were  as  good  or  better  the  day  they  were  destroyed 
than  they  were  when  erected.  Their  value  as  scrap  was 
only  a  few  percent  of  their  initial  cost.  The  ultimate 
perfection  of  the  reciprocating  steam  engine,  as  exempli- 
lied  by  the  best  engineering  practice  possible  in  these 
two  great  power  houses  in  1900,  has  been  completely  su- 
perseded by  new  types  of  apparatus.  Such  of  the  recip- 
rocating engines  as  still  remain  are  intended  to  be  a  re- 
serve available  for  the  operation  of  peak  loads,  and  they 
will,  in  turn,  doubtless  give  place  to  turbines  when  ad- 
ditional station  capacity  is  required. 

The  capacity  of  the  boilers  has  been  greatly  in- 
creased, due  largely  to  improved  methods  of  operation. 
They  can  be  counted  on  for  twice  their  original  ratings 
for  continuous  load  and  half  again  as  nuich  for  peak 
loads.  On  the  other  hand,  the  steam  requirement  of 
the  turbines  is  notably  less  than  that  of  tne  steam  en- 
gines. Hence,  the  increased  boiler  output  and  the  re- 
duced steam  consum])tion  per  kilowatt-hour  have  per- 
mitted the  notable  increase  in  station  capacity  to  be  ac- 
complished with  little  or  no  increase  in  the  number  of 
boilers. 

There  was  a  time  when  electric  development  de- 
])ended  largely  upon  the  dynamo.  In  an  early  railway 
power  house  several  generators  of  100  kilowatts  out])ut 
were  driven  by  a  single  engine.  There  were  difficulties 
in  the  construction  of  larger  generators.  After  a  time, 
as  indicated  in  the  Interborough  station,  the  dynamo  had 
so  increased  in  size  that  engines  clustered  around  it  at 
l)otb  ends  of  the  shaft.  In  the  early  days,  different 
types  of  generators  were  required  for  arc  lighting,  for 
incandescent  lighting  by  direct  current,  for  incandescent 
lighting  by  alternating  current,  for  street  railway  ser- 
vice and  for  other  uses.  Now  current  for  all  purposes 
IS  derived  from  a  single  great  alternator.  Simplicity  of 
electrical  systems,  magnitude  of  single  units  and  of 
])owcr  stations,  reduction  in  initial  cost  and  economy  in 
coal  consumption  have  been  brought  about,  which  would 
in  the  earlier  days  have  seemed  beyond  the  range  of 
l)ractical  accomplishment. 

Not  only  have  these  things  come  about,  but  there  has 
been  ;dl  along  a  bewilderment  to  know  what  was  to  hap- 
jien.  In  another  city  when  the  steam  turbine  came  into 
serious  consideration,  a  large  plant  of  the  older  type  was 
ju.st  being  completed.  The  engineer  found  the  results  so 
-satisfactory  that  he  finally  took  the  conservative  ]iosi- 
tion  advising  against  the  turbine  for  a  new  plant.  Other 
;'.dvices  were  followed,  and  todav  the  old   station  has 
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been  shut  down,  its  apparatus  and  its  engineer  have  been 
eliminated,  and  the  new  turbine  stations  are  supreme. 

It  is  appalling  to  find  that  the  best  engineering  and 
the  best  machinery  and  the  highest  economy  are  so 
quickly  superseded  that  machinery  is  scrapped  before  the 
tool  marks  have  been  worn  away.  The  Waterside  Station 
and  the  74th  Street  Station  were  both  operating  before 
the  steam  turbine  got  a  foothold  in  central  station  oper- 
ation in  this  country.  The  initial  central  station  turbine 
in  this  country  was  the  i  500  kilowatt  Westinghouse- 
Parsons  turbine  in  the  plant  of  the  Hartford  Electric 
Light  Company.  It  began  operation  about  the  begin- 
ning of  1902  and  brought  about  the  sudaen  disappear- 
ance of  the  steam  engine  in  large  power  plants. 

These  changes  are  significant  of  the  larger  import- 
ance of  the  central  station  in  modern  life.  Engineering 
development  has  made  practicable  the  production  of 
electric  power  in  unlimited  quantities  with  unprece- 
dented economies.  This  prepares  the  way  for  the  larger 
output  and  the  extended  development  of  electric  serv- 
ice. The  upward  curves  of  electrical  development  have 
shown  a  remarkable  growth  from  the  beginning ;  there 
has  been  a  doubling  during  approximately  each  five  year 
period.  Will  this  continue  in  the  future?  Will  the  cen- 
tral stations  of  today,  with  units  of  sizes  and  economies 
which  are  so  remarkable,  be  looked  upon  in  a  dozen 
years  from  now  as  we  look  upon  the  model  stations 
which  typified  the  acme  of  steam  engine  development? 

Ch./^s.  F.  Scott 


The  Marginal      fodav  the  selling  of  electric  power  has 

r-i  .    .  become  a  function  of  increasing  activ- 
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itv  and   importance.      It  parallels   the 

Power  widening  scope  of  central  pov\'er  gen- 

/-....  eration   and   its   distribution   over   ex- 
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tended    areas    to    varied    classes     of 

power  consumers.  The  economic  advantages  arising 
from  this  develojiment  have  already  been  well  discussed 
in  nvunerous  technical  articles.  Little  need  be  added 
now  to  the  general  understanding  of  the  dift'erent  factors 
aft'ecting  private  power  plant  costs  regarding,  for  exam- 
ple, the  reduction  and  restriction  of  capital  credit,  the 
investment  and  accruing  replacement  expense,  and 
allowance  for  management  supervision,  all  in  addition  to 
the  running  cost,  consisting  of  labor,  materials  and 
supplies.  In  discussions  on  individual  power  costs, 
these  items  will  be  found  to  be  carefully  outlined,  the 
proper  cost  data  given  and  the  ultimate  expense  then 
compared  with  the  rates  offered  by  the  central  station. 
Generally  a  substantial  saving  may  be  eft'ected  by  pur- 
chasing power,  evidently  depending  upon  the  amount  of 
the  powder  demand  and  the  extent  to  which  it  is  used. 

There  are  instances,  how-ever,  where  the  apparent 
over-all  operating  cost  of  an  independent  plant  may 
measure  up  favorably  alongside  of  the  charges  for  cen- 
tral station  service,  assuming  that  the  estimates  are 
made  upon  a  sound  basis.  In  such  event  it  may  seem 
surprising  that  power  is  purchased  when  the  power  user 


supposedly  might  do  equally  as  well,  or  ])0ssibly  better, 
through  the  medium  of  a  private  plant.  But,  on  inquiry 
into  such  cases,  we  usually  find  that  the  astute  business 
man  has  developed  a  fortunate  faculty  of  weighing  esti- 
mates and  figures.  Through  long  years  of  experience, 
generally  accompanied  by  the  failure  of  some  projected 
plans  to  realize  fully  the  desired  end,  coupled  with  other 
"indelible"  disappointments,  he  has  acquired  a  guiding 
intuition  which  impels  him  to  make  allowances  on  such 
estimates  as  conditions  may  warrant.  Consequently, 
even  after  due  consideration  has  been  given  to  every 
conceivable  element  of  power  plant  cost,  both  direct  and 
indirect,  a  "marginal"  factor  is  introduced,  which  in 
itself  may  be  responsiljle  for  reversing  the  showing  of 
the  independent  plant.  And  why  does  this  come  about  ? 
The  inevitable  frailty  of  human  nature  and  the  con- 
tingent and  unforeseen  with  particular  reference  to 
])Ower  plant  operation  are  responsible  for  this  attitude 
of  mind  and,  accorflingly,  to  unload  the  resulting  care 
and  anxiety,  a  marginal  item  is  admitted  and  the  burden 
of  responsibility  thereby  shifted  to  the  central  station, 
which  specializes  and  devotes  its  entire  energies  and 
talent  to  but  a  single  purpose — a  reliable  and  continuous 
power  supply.  The  human  equation  in  power  plant 
operation,  like  in  many  other  industries,  is  so  uncertain 
that  the  range  of  results  to  be  obtained  from  a  given 
lay-out  may  vary  widely.  The  delinquencies  of  the  oper- 
atives may  permit  the  expense  to  approach  the  costly 
limit.  To  counteract  this  tendency  more  compensation 
and  other  inducements  may  be  ofTered  to  the  employees. 
LTnless  the  plant  is  sufficient  in  size  to  absorb  readily 
the  expense  thus  added  the  balance  may  again  be  thrown 
in  favor  of  central  station  service. 

Close  study  of  the  subject  will  develop  the  fact  that 
the  "marginal  element"  is  not  mythical  in  any  sense,  but 
is  truly  a  matter  of  serious  bearing  with  the  discerning 
power  user.  It  is  a  condition,  since  the  actions  and  deeds 
of  the  men  he  may  reasonably  employ  for  this  service  are 
often  warped  by  a  spirit  of  indifference  and  disregard 
for  the  property  and  welfare  of  the  employer  and  owner 
so  long  as  no  direct  charge  for  neglect  or  incompetency 
may  be  lodged  against  them.  Automatic  machinery  has 
been  a  boon  to  the  industries  by  reducing  the  labor  force 
to  contend  with,  and  power  purchased  may  be  regarded 
in  a  similar  light.  In  a  case  in  point  where  organized 
labor  prevailed,  it  is  claimed  that  fifty  percent  more  men 
were  on  the  power-plant  payroll  than  needed  and  extra 
machinery  was  uselessly  operated  to  provide  the  employ- 
ment. 

And  considering  other  factors  briefly,  we  have— the 
frequency  of  the  installation  cost  exceeding  the  esti- 
mate; the  development  of  latent  defects;  the  great  dis- 
ruptive force  in  high-pressure,  high-powdered  apparatus 
if  released  through  accident;  the  quality  of  labor  quite 
indefinite — as  surrounding  conditions  that  compose  the 
margin  which  the  power  user  may  well  consider  over 
and  above  the  sum  of  all  detailed  costs  items  that  may  be 
definitely  determined  or  else  equated  with  fair  accuracy. 

Edwin  D.  Dreyfus 
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Hoi.ToN  H.  Scott 

President, 
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THE  present  fiscal  year  of  the  National  Electric 
Light  Association  is  drawing  toward  an  end. 
Practically  all  preijarations  have  been  made  for 
(he  arrangements  of  the  San  Francisco  Convention, 
which  is  to  be  held  June  7  to  11.  The  program  is 
]jractically  complete  and  the  reports  are  available  or 
in  the  hands  of  the  printers.  The  general  convention 
program  committee,  of  which  Mr.  John  H.  Britton  of 
San  Francisco  is  chairman,  has  been  at  work  for  many 
months  perfecting  the  arrangements  to  take  care  of  the 
needs  of  the  large  number  of  representatives  expected 
at  the  con\-ention.  The  detailed  work  necessary  to  in- 
sure the  prnper  care  of  such  a  large  miml)er  ol  people, 
es])ccially  during  an  exposition  year,  is  an  immense 
task,  but  I  think  I  am  <|uite  safe  in  saying  that  we  will 
be  well  cared  for  provided  we  tell  the  various  chair- 
men of  the  sub-committees  our  wants  a  sufficient  time 
in  advance. 

The  Exposition  itself  is  already  a  wonderful  suc- 
cess and  the  electrical  features  alone  should  be  a  suffi- 
cient attraction  to  interest  all  central  station  managers 
and  manufacturers.  There  is  no  "Electricity  Build- 
ing" because  all  buildings  are  electric  buildings.  Prac- 
tically all  known  applications  of  the  use  of  electricity 
are  exhibited  in  one  form  or  another  at  the  Exposition 
and  we  all  should  be  able  to  learn  much  at  San  I'ran- 
cisco  which  we  can  utilize  upon  our  return. 

Our  .Association  prides  itself  upon  being  a  working 
body.  The  sub-committees  have  approximately  five 
hundred  members  and  they  have  spent  the  ecjuivalent 
of  many  days  in  the  preparation  of  the  reports.  The 
total  ex]jense  of  these  committees  has  been  borne  by 
comparatively  few  comjjanies  and  it  amounts  to  a  very 
large  sum.  .\s  usual  the  presentation  and  discussion 
of  these  reports  will  occupy  most  of  the  convention  time. 

It  might  be  well  to  draw  particular  attention  to  the 
report  of  the  educational  committee.  This  committee, 
which  is  composed  of  some  of  the  highest  minds  in  the 
central  station  industry  and  ten  tmiversity  and  college 
professors,  was  created  toward  the  end  of  the  last 
administration.  The  committee  made  no  report  last 
year  but  they  have  had  several  meetings  this  year  and 
it  is  expected  they  will  make  a  valuable  contribution 
this  year.  The  aim  of  this  committee  is  to  create  a 
better  understanding  between  the  educational  policies 
of  our  leading  technical  institutions  and  the  electrical 


manufacturers  and  the  central  station  managements. 
'I'his  is  very  important  because  fully  one-half  of  the 
electrical  engineering  gradtiates  now  enter  the  central 
.station  field. 

.Another  report  that  is  expected  to  be  of  unusual 
interest  is  that  of  the  newly  created  committee  on  com- 
l.any  sections.  Fully  eighty-five  percent  of  the  present 
class  B  members  belong  to  the  company  sections  and 
it  is  believed  the  work  of  this  committee,  as  presented 
through  its  re])ort,  will  make  more  efificient  the  work  of 
the  sections  and  also  stimulate  an  added  interest  in 
meniber.shii). 

One  of  the  reasons  why  the  growth  of  the  central 
:  tation  companies'  sales  is  being  retarded  is  the  inability 
of  the  companies  to  obtain  money  in  competition  with 
other  lines  of  business.  The  public  does  not  realize 
that  for  every  dollar  of  added  gross  business  procured 
by  a  central  station  company  there  must  be  provided 
live  dollars  for  betterments  and  extensions  when  aver- 
aged over  a  period  of  years.  To  obtain  these  funds  it 
is  necessary  to  pay  a  rate  of  interest  sufficiently  high 
to  attract  capital. 

The  broad  question  of  public  relations  is  always 
handled  by  our  public  policy  committee  and  their 
rejiort  will  point  out  some  of  the  obligations  the  ]Hiblic 
owe  the  stockholders  and  bondholders  of  public  utility 
companies. 

In  speaking  of  public  relations  it  might  be  well  to 
state  that  we  have  been  fortunate  in  securing  Mr.  John 
.A.  Roemer,  formerly  one  of  the  members  of  the  Wis- 
consin commission,  to  present  an  address  on  "Public 
Service  Commission  Relationshi])s."  It  is  hoped  that 
this  address  will  precipitate  a  discussion  which  will 
provide  material  from  which  our  member  companies 
may  start  an  educational  campaign  with  their  con- 
sumers and  the  public. 

The  reports  of  the  various  technical  committees 
will  doubtless  ]irove  to  be  of  unusual  interest  this  year 
because  the  Bureau  of  Standards  is  working  on  the 
subject  matter  of  many  of  these  rejiorts.  Our  com- 
mittees are  co-operating  with  the  Bureau  and  it  is  hoped 
that  the  Bureau  will  not  inflict  tinnecessary  hardships 
upon  the  central  stations. 

In  conclusion  1  wish  to  take  this  ojjportunity  to 
invite  the  readers  of  The  I'.lectric  JouR^".^L  to  attend 
our  Convention. 


Results  Obtained  with  Nitrogen-Filled  Lamps 

IN   THE   MUNICIPAL  STREET   LIGHTING   SYSTEM    OF   CHICAGO 

Ray  Palmer 

Commissioner, 

Dcpartiiu-nt  of  Gas  and  Electricity,  City  of  Chicago 

FR(  tM  the  scientific  Standpoint  the  nitrogen  filled  Experiments  are  being  conducted  to  deternnne 
tungsten  lamp  with  an  efficiency  of  n  lumens  the  most  efficient  burning  schedule,  and  a  routine 
per  watt  does  not  appear  to  compare  favorably  will  then  be  established  to  renew  all  the  lamps  on 
with  the  alternating-current,  white  flame  arc  deliver-  the  basis  of  this  schedule.  The  average  depreciation 
ing  170  lumens  per  watt.  These  values  are  based  in  candle-power  during  i  600  hours,  which  has  been 
on  laboratory  tests  with  clear  glassware  and  include  estimated  would  be  an  economical  burning  life,  is 
a  compensator  for  the  tungsten  lamp.  While  the  about  12  percent  over  this  period,  which  would  give 
compensator  introduces  an  energy  loss  of  seven  per-  <'.n  average  of  9.7  lumens  per  watt  as  compared  with 
cent,  this  is  more  than  ofl:'set  by  the  gain  in  lamp  effi-  96  for  the  arc  lamp.  While  these  figures  are  cal- 
ciency  realized  by  the  use  of  15  or  20  amperes  in  the  culated  on  the  basis  of  clear  outer  globes,  it  has  been 
lamp  circuit,  while  standard  practice  requires  a  line  found  advisable  to  use  a  light  dift'using  outer  globe 
current  of  4  to  10  amperes.  Other  advantages  of  to  eliminate  objectionable  glare,  particularly  on  the 
the  compensator  are  that  no  cutouts  or  other  devices  flame  arc,  which  has  a  higher  initial  candle-power, 
are  required  to  close  the  line  when  a  lamp  burns  out  It  has  also  been  found  that,  due  to  imperfect  clean- 
on  a  series  system,  while  surges  and  excessive  line  ing,  non-uniformity  of  carbons,  lamp  trouble,  etc.,  the 
currents  which  tend  to  reduce  the  life  ot  the  lamp  are  actual  illumination  from  the  arc  is  reduced  below  the 
partially   suppressed   in   the   lamp   circuit.     Also,   by  calculated  figure  given  above. 

providing  the  compensator  with  primary  taps,  it  is  The  individual  lamp  outage  of  the  tungsten  lamp 

possible  to  use  the  same  type  of  installation  on  circuits  is  considerably  less  than  the  arc,  due  to  the  elimina- 

of   different  current  rating,  which   is  often  a   material  tion  of  all  mechanism  and  the  sticking  of  carbons, 

advantage.  Taking  into  consideration  all  of  the  above  factors, 

There  are  many  factors  entering  into  the  actual  it  has  been  demonstrated  that  the  average  effective 

operation  of  the  arc  lamps  on  the  streets  which  have  illumination  with  the  325  watt  ( including  compensa- 

a   tendency   to   greatly   reduce   the   efficiency   of   the  tor)    600    candle-power,    nitrogon-hlled    unit    is    prac- 

lamp    below    that    realized    in    the    laboratory.      The  tically  equivalent  to  the  alternating-current  flaming  arc 

deposition  on  the  inner  globe  of  the  condensed  pro-  consuming  465  watts  under  normal  operating  conditions, 

ducts  of  combustion  of  the  electrodes,  in  the  course  A  further  decided  advantage  is  that  it  is  possible  to  use 

of  a  short  time,  greatly  reduces  the  eff'ective   light  units  varying  from  60  to  I  000  candle-power  on  the  same 

flux.    While  this  deposit  is  brushed  out  on  trimming  circuit,    whereas   the    arc    lamp    is    made   at    only    one 

the  lamp  about  every  100  hours  of  burning,  in  actual  rating. 

practice  it  cannot  be  entirely  removed,  as  the  gaseous  In  order  to  determine  definitely  the  relative  merits 
products  of  combustion  attack  the  surface  of  the  glass  of  the  two  illuminants,  it  is  necessary  to  determine 
and  minute  particles  of  the  deposit  become  firmly  the  total  annual  cost  of  operating  the  two  systems, 
imbedded.  In  addition,  this  etching  process  produces  Owing  to  the  reduction  in  power  consumption  (465 
a  diffusing  surface  on  the  glass  which  is  not  an  effi-  to  325  watts)  and  the  increase  in  pt)wer-factor  of  the 
cient  means  of  light  transmission.  nitrogen  lamp  units,  over  that  of  the  flaming  arc, 
Tests  shovi-  that  the  average  efficiency  during  the  from  80  to  98  percent,  the  number  of  units  per  circuit 
life  of  the  arc  lamp  inner  globe  is  about  55  percent,  can  l)e  increased  about  70  percent  with  the  nitrogen 
thus  decreasing  the  average  lumens  per  watt  of  the  lamj),  without  any  further  changes  whate\er  in  the 
flame  arc  lamp  to  9.6.  On  the  other  hand,  the  incan-  present  circuit  and  substation  construction, 
descent  lamp  manufacturers  guarantee  an  average  A  corresponding  reduction  in  investment  in  multi- 
life  of  I  000  hours,  with  a  final  depreciation  in  candle-  pie  conductor  circuit  trunk  cables,  substations,  trans- 
power  not  greater  than  20  percent,  while  the  results  mission  lines  and  generating  plant  is  effected, 
of  test  show  that  this  figure  will  not  exceed  15  per-  In  Chicago,  power  for  operation  of  the  street  lighting 
cent.  The  average  lamp  life  is  much  greater  than  system  is  purchased  at  an  unusually  low  figure  from 
the  guarantee,  as  is  demonstrated  by  the  fact  that  the  hydo-electric  generating  plant  of  the  Sanitary 
in  the  first  installation  of  40S  lamps  in  the  Chicago  District  of  Chicago,  while  the  substations  and  trans- 
Municipal  System,  31.8  percent  Inirned  out  during  mission  lines  are  owned  by  the  City  but  operated  by 
2  150  hours'  service,  with  an  average  burning  life  the  Sanitary  District  under  contract, 
(hiring  this  period  of  I  675  hours.  From  i  000  to  Labor  is  relatively  high  in  Chicago,  the  union 
2000  hours  burning,  the  lamps  show  a  total  falling  lamp  trimmers  and  patrolmen  scale  being  $108  per 
off'  in  candle-power  of  from  15  to  35  percent,  month,  to  which  is  added  about  $3  per  day  where  an 
Approximately  eight  thousand  600  candle-power  lamps  automobile  is  furnished  by  the  men  and  used  in  the 
are  now  installed  in  our  Chicago  system.  service.     Three   hundred   and    thirty    flame   arcs   are 
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assigned  to  each  trimmer  and  five  liundred  to  each 
patrolman,  while  a  patrolman  with  automobile  covers 
I  200  type  "C"  tungsten  lamps,  and  a  cleaner  is  as- 
signed 750  lamps,  cleaning  45  each  day.  Burned-out 
lamps  are  replaced  by  the  patrolmen  when  found,  the 
lamps  being  lowered  by  means  of  an  automatic  cutout 
and  hoist.  The  detail  o])erating  costs  are  given  in 
Table  I  : 

While  the  comjiarison  shows  favorably  to  the 
incandescent  lamp,  it  is  very  probable  that  the  effec- 
tive life  of  the  lamp  will  be  increased  and  the  cost 
materially  reduced  as  the  manufacturing  processes 
are  perfected,  resulting  in  an  average  increased 
illumination  at  a  lower  cost. 

I'hc  City  of  Chicago  has  the  largest  munici])any 
owned  electric  street  lighting  system  in  the  world,  hav- 
ing in  operation  at  the  present  time  7  200  100  c-p. 
series  tungstens,  10  000  series  flaming  arcs  of  the  latest 
type,  8  000  600  c-p.  type  "C"  tungstens  and  3  000 
seven-am])erc  enclosed  arcs.  The  latter  lamps  are  being 
rapidly  displaced  by  the  600  c-p.  type  "C"  units,  and  it 
is  estimated  that  by  the  end  of  1915  a  total  of  15  000  of 
these  uiu'ls  will  be  installed. 


T.\BLE  I— COMPARATIVE  OPERATING  COSTS 
UNDER  CHICAGO  CONDITIONS 


Power  {Qi  Si 5  per  hp  per  year). . 

Substation  operation. 

Carbons  or  renewals 

Repairs  to  lamps  and  fixtures.  . 

Globes 

Trimming 

Patrolling 

Cleaning  globes 

Repairs  to  circuits  and  posts. .  . 

Miscellaneous  expense 

Office  expense,  including  super- 
intendence  

Fixed  charges  on  aerial  construc- 
tion  

Total  annual  cost  per  lamp 


Sio 

4 
I 
o 
3- 


-3 
00 
90 

75 
70 
89 

70 


(inc.  in  trimming) 
5.40 
0.23 


0 

30 

S.y 

12 

$19 

19 

S50  31 


S  7.16 
0.70 

8.00 

0.50 
0.40 

I  99 
I  73 
,5.20 
0.23 

o  45 
S26.36 

$14  30 
S40  66 


Fixed  charges  include  interest  at  4  percent,  taxes  at  1.5 
percent,  and  depreciation  at  an  average  rate  of  5.5  percent  on 
lamps,  posts,  line  construction,  substation  buildings  and  equip- 
ment, transmission  lines,  etc. 


Resuscitation  from  Electric  Shock 

\Vm.  C.  L.  Eglin 

Vice-President, 

The  Philadelphia  Electric  Company 

NT)  FEATURE  connected  with  the  human  side  industry  who  have  not  had  a  friend  or  an  acquaint- 

nf    the    electrical    industry    is    of    more    vital  ance,   or   do    not   know   of   some   one   else    who   has 

importance  than  the  question  of  resuscitation  received    an    accidental    electric    shock    which    has 

from    electric    shock.     The   popular   slogan,   "Safety  proved    fatal.      IMany   of   us   have   had    friends   who 

First,"  has  of  late  been  discussed  very  generally,  and  were  dear  to  us,  or  have  had  associates  with  brilliant 

much   has   been    said   and    written    regarding   safety  prospects  before  them,  who  have  received  such  acci- 

rules  and  instructions.     So  much  attention  has  been  dental  shocks.     The  very  nature  of  the  business  in 

given  to  the  question  of  prevention  of  accidents  that  whicii   we  are  engaged,  being  a   rapidly  develoi)ing 

the  treatment  of  accidents  has  not,  perhaps,  received  art  and  constantly  presenting  new  and  complicated 

the  consideration  that  it  deserves.     It  is  not  uncom-  problems,  may  so  absorb  the  minds  of  those  engaged 

inon,  in  tiie  event  of  an  accident,  that  those  wlm  in;iy  th;it  they  overlook  hazardous  conditions,  and  in  tliis 

be  near  get  excited  and  do  not  use  good  judgment  in  way    receive   dangerous    shocks.     The    fact    that    an 

the  proper  attention  to  the  injured  person  and  in  the  electrical  conductor,  has  the  same  api)earance,  either 

treatment  given  hiin.     Api)arently  the  first   impulse  "alive"   or   "dead."   adds   to   the   danger,      -\gain,   con- 


is  to  send  for  a  physician  or  an  ambulance,  whereas 
a  little  common-sense  treatment  at  the  time  of  the 
accident  may  be  of  great  benefit  not  only  in  the 
relieving  of  suffering  but  in  assuring  a  much  luore 
r;;pid  recovery.  Instructions  in  "First  Aid"  to  the 
injured  are  equally  as  important  as  rules  and  regula- 
tions for  the  pre\enting  of  accidents,  if  not  of  more 
importance. 

Many  people   believe   that  rules  and   regulations 


ductors  that  may  have  no  physical  contact  with  each 
other  may  liecome  charged  by  means  of  induction. 
So  that  it  may  be  said  that  every  one  engaged  in 
the  electrical  industry  should  be  familiar  with  the 
proper  method  of  resuscitation  and  treatment  of  any 
one  receixing  an  electric  shock,  just  as  a  person 
whose  business  takes  him  on  the  water,  should  know 
how  to  swim. 

Methods  of  resuscitation  from  electric  shock  have 


will  not  prevent  accidents,  but  that  this  can  be  accom-  been  discussed  for  many  years  and  instructions  have 

plished  only  by  proper  instruction  and  education  of  been  issued,  although  little  attention  has  been  given 

employees.    All,  however,  agree  on  the  importance  of  to  the  question  of  training  the  men  in  the  industrv 

installing  "First  Aid"  appliances,  although  in  many  in  the  jiroper  application  of  these  methods;  without 

cases  no   instructions  or  training  have  been  given   to  w  liicli  the  instructions  are  of  little  real  value.     It  has 

those  who  are  expected  to  use  these  ap])liances.  been  pointed  out   by  various   investigators  that   the 

There  are   few-  persons  engaged  in  the  electrical  electric  current  may  kill  cither  by  paralyzing  tempor- 


THE     ELECTRIC    JOURNAL 


227 


arily  the  nervous  control  of  the  muscles  of  respira- 
tion, or  by  stopping  the  regular  beating  of  the  heart, 
or  by  burns.  Most  accidental  shocks  are  momentary, 
the  current  being  applied  only  a  comparatively  short 
tune,  and  in  these  cases  the  burns  are  superficial  and 
not  necessarily  serious.  If  the  current  is  applied  for 
a  long  period  of  time,  even  at  low  voltage  (cases  being 
on  record  where  contact  with  no  volts  resulted  fa- 
tally), death  may  result.  It  has  been  demonstrated 
that  frequently  in  accidental  shocks  from  voltages  be- 
low 5  000  volts,  the  heart  is  afifected,  but  that  with 
voltages  higher  than  5  000  volts  it  is  rarely  afifected. 
Invariably,  however,  the  nervous  control  of  the 
muscles  of  respiration  is  temporarily  paralyzed.  It  is 
also  well-known  that  when  the  action  of  the  respira- 
tory system  is  completely  suspended  for  a  period  of 
SV^  to  5  minutes,  death  will  result.  This  is  the  time 
limit  during  which  the  treatment  of  those  receiving 
an  accidental  shock  must  be  carried  on,  and  it  must 
be  the  basis,  and  kept  constantly  in  view,  in  any 
instructions  that  may  be  issued  regarding  such  treat- 
ment. Few  of  us  realize,  or  have  clearly  in  our 
minds,  the  vital  importance  to  life  of  the  exchange 
o*^  air  in  our  lungs,  and  we  must,  in  all  treatment  of 
accidental  shock,  keep  prominently  before  us,  the 
importance  of  restoring  respiration  immediately  in 
the  event  of  the  normal  conditions  of  respiration  in 
the  injured  person  being  interfered  with. 

There  are  a  number  of  methods  of  applying  arti- 
ficial respiration  to  an  unconscious  or  semi-conscious 
person.  The  methods  were  all  fully  considered  by 
the  Commission  consisting  of  representati\'es  of  the 
American  Medical  Association,  the  American  Insti- 
tute of  Electrical  Engineers,  and  the  National  Elec- 
tric Light  Association.  As  set  forth  in  their  report 
presented  at  the  Chicago  Convention  of  the  latter 
Association  in  1913,  they  recommended  the  Shafer  or 
"prone-pressure"'  method  with  slight  modifications, 
and  issued  instructions  both  in  booklet  and  chart 
form,  which  have  been  widely  distriliuted.* 

Early  instructions  on  this  subject  were  generally 
headed;  "Send  for  a  doctor  immediately"  and  fre- 
quently nothing  was  done  until  he  arrived.  Many 
deaths  have  occurred,  in  the  case  of  those  receiving 
electric  shocks,  due  to  waiting  for  the  doctor,  or  to 
the  time  consumed  in  sending  the  injured  person  to 
the  nearest  hospital,  the  time  lost  proving  fatal. 
Should  it  be  decided  to  take  the  injured  person  to  the 
hospital  in  an  ambulance  or  by  any  other  means  of 
conveyance,  artificial  respiration  by  the  "prone-pres- 
sure"' method  should  be  maintained  enroute,  and  even 
if  the  use  of  mechanical  appliances  is  later  contem- 
plated for  artificial  respiration,  the  manual  method 
should  be  started  and  maintained  until  the  mechan- 
ical methods  are  applied,  remembering  always  that 
the  exchange  of  air  in  the  lungs  is  essential  to  life. 

Bearing  in   mind,  again,  that  at  the  end  of  five 


*See  also  articles  on  "Artificial  Respiration"  in  the  Jgurn'.vl 
for  February,  191 1,  p.  203:  and  December,  1913,  p.  1271. 


miiuites  nothing  can  be  done  that  will  be  of  benefit 
it  the  respiratory  system  is  aft'ected,  it  will  be  seen 
at  once  that  sending  for  a  doctor  is  vot  of  the  first 
importance.  It  is  of  first  importance,  however,  that 
artificial  respiration  be  started  iiumediately,  and  for 
this  purpose  there  must  be  men  in  the  electrical 
industry  who  know  how  to  apply  the  "prone-pres- 
.=;ure"  method,  and  have  been  trained,  in  its  proper 
applicatinn  by  experienced  deiuonstrators,  who  have 
pointed  dut  the  A'arious  steps  to  be  taken,  so  that 
;irtificial  respiration  may  be  started  as  soon  as  pos- 
sible after  the  accidental  shock  is  received.  No  time 
should  1)6  wasted  in  moving  the  injured  person  to  a 
luore  convenient  location  than  where  the  accident  has 
taken  place,  other  than  to  a  point  where  he  can  be 
laid  flat  on  his  bell}',  with  his  anus  extended.  Nor 
should  any  time  be  wasted  in  loosening  clothing  or 
attending  to  burns.  A  few  seconds'  thought  by  the 
person  nearest  at  the  time  of  the  accident,  in  planning 
what  to  do,  is  of  great  advantage,  and  the  following 
of  the  common  instruction  to  ambulance  attendants, 
"Count  ten  before  you  try  to  do  anything,"  luay  pre- 
\ent  many  mistakes  in  "First-Aid"  treatiuent. 

It  was  the  desire  and  expectation  of  the  Com- 
mission that  the  instructions  prepared  by  them  would 
be  put  into  the  hands  of  all  branches  of  the  electrical 
industry,  so  that  all  physicians,  superintendents, 
foremen  or  others  in  charge  of  workers,  would 
instruct  personally  all  of  those  engaged  in  this  work, 
to  the  end  that  every  electrical  worker  would  be  a 
trained  and  experienced  demonstrator  of  this  luethod 
of  resuscitation  from  electric  shock.  Much  work  of 
this  kind  has  been  done,  but  with  the  rapid  growth 
of  the  industry  and  the  large  nutnber  of  new 
eni])Ioyees  added  from  year  to  year,  there  must  be 
a  continuing  method  of  education  along  these  lines. 
It  should  be  extended  to  include  the  firemen  and 
policemen  of  municipalities,  as  a  knowledge  of  this 
method  of  artificial  respiration  is  not  only  useful  in 
the  case  of  a  person  receiving  an  electric  shock,  but  can 
also  be  applied  to  the  apparently  drowned  and  those 
suffering  from  gas  poisoning  or  from  accidental  falls. 

Artificial  respiration  will  not  appl}'  under  all  con- 
ditions for  effecting  resuscitation  from  electric  shock. 
As  pointed  out,  artificial  respiration  does  not  benefit 
cases  in  which  the  heart  action  has  been  affected,  and 
there  is  no  known  method  which  does.  The  oper- 
ation of  the  method,  however,  should  be  kept  up  until 
a  physician  arrives  and  pronounces  the  case  hopeless. 

There  have  been  so  many  successful  and  coiuplete 
recoveries  resulting  from  the  use  of  artificial  respira- 
tion, that  its  value  cannot  be  questioned.  It  is,  there- 
fore, the  duty  of  every  one  in  responsible  charge  of 
electrical  industries,  to  see  that  all  of  those  in  his 
eiuploy  are  familiar  with  this  treatment,  and  that  fre- 
quent rehearsals  and  drills  are  given,  so  as  to  make 
it  possible  for  every  one  to  be  a  trained  and  expe- 
rienced operator,  and  thus  be  capable  of  saving 
human  life. 
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Special  Educational  Work  for  Central 

Station  Men 

John  F.  Gilchrist 

Vice-President, 

Connnimwcaltli  Edison  Company,  Cliicago,  111. 

X    11  IF.  general  nKiveiiicnt  for  higher  efficiency  in  The    activities    of     the    Conmiunwealth     Kdison 

all  lines  of  endeavor,  the  central  stations  of  this  Company  along  these  lines  take  form  in  the  work 
country  have  recently  given  particular  attention  of  the  "Central  Station  Institute."  This  school  has 
to  the  selection  of  men  of  especial  fitness  for  the  been  in  existence  for  about  two  years.  At  the  pres- 
work  which  is  required  of  them  in  order  that  good  ent  time  it  takes  care  of  three  different  classes  of 
results  may  be  obtained.  Electric  manufacturing  students: — l-^ngineering  graduates,  to  whom  it  gives 
companies  have  for  a  good  many  years  been  a  year's  instruction  consisting  of  about  four  hours 
impressed  with  the  desirability  of  securing  young  each  day  in  recitation,  or  listening  to  lectures,  and 
men  of  more  than  ordinary  education,  and  placing  an  e(|ual  amount  of  practical  work,  for  the  purpose 
them  in  a  ])osition  to  obtain  s])ecial  education  and  ])articularly  of  preparing  them  to  take  up  commer- 
training  which  would  Ijc  of  advantage  to  them  in  cial  branches  of  central  station  work.  This  is  an 
their  work.  These  movements  originally  came  eleven  months'  course,  and  the  faculty  of  the  .school 
about  as  a  result  of  the  difficulty  in  getting  the  right  lirings  to  their  assistance  the  stafif  of  the  central  sta- 
kind  of  men.  Apparently  this  difficulty  has  been  tion  coni]):iny.  The  second  branch  is  a  night  .-school 
experienced  to  the  greatest  extent  by  the  central  offering  some  diversity  in  the  matter  of  courses  to 
stations  in  their  eft'orts  to  get  men  to  show  good  those  men  in  the  organization  who  wish  to  improve 
results  in  a  commercial  way.  tlu'niselves  and  wlio  are  not  able  to  devote  the  day- 

There  is  a  great  difference  between  a  man  who  tune  hours  to  such  work.  This  cour.se  is  patronized 
can  do  what  is  laid  out  for  him,  well  and  thoroughly,  to  a  greater  extent  by  young  men  who  have  not  had 
or  even  a  man  who  along  engineering  and  construe-  the  advantage  of  a  college  education.  The  third 
tion  lines  can  work  out  difficult  problem.s  success-  branch  is  an  advanced  lecture  course  divided  into 
fully,  and  a  man  who  has  the  initiati\-c,  knowledge  two  sections:  one  covering  lectures  on  technical  and 
ot  human  nature,  personality  and  magnetism  to  engineering  subjects,  and  the  other  lectures  on  corn- 
develop  and  carry  out  successfully,  plans  for  the  mercial  subjects.  These  lectures  are  held  two  even- 
marketing  of  a  product.  The  commercial  end  of  the  ings  each  week  throughout  the  year.  They  are  very 
electric  public  utility  business  has  become  jjcrhajis  largely  attended,  and  are  without  question,  doing  a 
the  most  important  one,  certainly  the  most  absorb-      great  deal  of  good. 

ing.      In   the  early  days  of  the  development  of  the  .\nother    evidence    of    the    growing    feeling    that 

there  is  decided  necessity  ft)r  more  special  education 
than  is  now  common,  is  the  interest  in  the  work  of 
the  committee  on  "Relations  with  Educational 
Institutions"  of  the  National  l"".lectric  Light  Asso- 
ciation. The  t>bject  of  this  conmiittee  is  not  only  to 
proiuote  a  better  understanding  between  the  men 
in  the  industry  anil  those  in  the  educational  institu- 
tions, but  in  a  general  way  to  make  it  easier  for 
graduates  and  undergraduates  of  these  institutions 
to  become  connected  with  the  electric  utility  com- 
panies, and  a  closer  study  of  the  courses  which  are 
desirable  in  the  case  of  men  who  expect  to  make 
some  branch  of  central  station  work  their  life  work. 
We     are     moving     very     fast     in     the    electrical 


industry,  questions  pertaining  to  the  development. 
manufacture  and  installation  of  machinery  and  sys- 
tems were  paramount,  but  with  the  broader  knowl- 
edge of  these  features,  and  with  a  high  degree  of 
standardization,  it  is  today  very  much  more  of  a 
problem  to  finance  the  installation  of  a  projjerty  and 
market  its  product  profitably  than  it  is  to  design 
and  erect  the  plant.  1  do  not  mean  by  this  that 
perfection  has  been  reached  in  design,  engineering 
and  construction,  as  we  will  doubtless  see  wonderful 
development  in  that  end  (jf  the  business  in  years  to 
come,  but  so  far  as  the  interest  of  the  great  mass  of 
men  employed  in  the  industry  is  concerned,  it  has 
become  more  and  more  a  cpiestion  oi  pure  com- 
merce, and  it  has  been  found  desirable  to  pay  more  industry  and  in  order  to  make  the  best  progress  and 
attention  to  the  quality  of  intellect  and  the  training  avoid  mistakes,  it  is  necessary  to  find  some  way  in 
of  those  engaged  in  the  commercial  end  of  the  busi-  which  we  can  stand  off'  and  look  at  ourselves,  and  see 
ness,  hence  the  develo])ment  of  educational  courses,  b.ow  we  appear  to  other  people;  and  the  study  of  the 
and  \arious  other  plans  for  educating  central  sta-  business  which  is  brought  about  by  the  institution  of 
tion  men.  these  educational  plans  seems  to  aft'ord  the  opportunity. 


Electricity  in  the  Home 

WHAT   ITS   INCREASING  USE   MEANS   TO   THE   POWER  COMPANIES 

Gkorge  Williams 

Sales  Manager, 

Henry  L.  Dohcrty  &  Company 


IN  THE  public  mind,  and  that  includes  many  of  the 
investing  people  of  the  United  States,  electrification 
of  the  steam  railroads  appears  as  one  of  the  chief 
aims  of  the  electrical  industry,  yet  only  an  infinitesimal 
proportion  of  the  nation's  railroads  has  been  electrified. 
As  a  matter  of  actual  business,  the  greatest  possibilities 
of  the  central  station  companies  lie  in  the  electrification 
of  the  home  to  its  utmost  extent.  Smoke  abatement  as 
to  steam  railroads  fades  in  importance  in  the  house- 
holder's mind  when  his  wife,  with  an  eye  to  comfort, 
economy  and  convenience,  demands  the  electrifying  of 
the  tea-pot,  coffee-pot,  chafing  dish,  toaster  and  sweeper, 
and  also — at  the  instigation  of  her  servants — the  elec- 
trifying of  the  flatiron,  wringer  and  washing-machine. 
There  is  a  scarcity  of  servants  nowadays,  and  when  the 
average  husband  is  made  to  understand  that  a  few 
dollars'  worth  of  electrical  appliances  will  take  the  place 
of  a  maid,  he  is  inclined  to  capitulate  at  the  first  assault. 
Curiously  enough,  although  many  brains  have  developed 


these  electric  household  devices  to  a  point  approaching 
perfection,  the  general  public  has  failed  to  grasp  their 
possibilities  in  economy  as  well  as  convenience. 

About  two  million  domestic  electric  appliances  were 
sold  in  America  during  the  last  year,  but  this  total  is 
considered  but  a  fair  introduction  to  the  puljlic.  Indi- 
cations point  to  a  large  increase  during  the  present 
year,  and  before  long  this  business  phase  of  a  public 
utility  that  dispenses  electricity  will  become  a  larger 
outlet  for  current  than  lighting.  In  attaining  this  result 
it  will  be  similar  to  present  conditions,  when  electrical 
energy  used  for  industrial  heat  and  power  exceeds  the 
total  necessary  for  lighting  in  many  cities. 

There  are  about  ten  million  homes  in  this  country 
available  for  electric  service.  .\  reasonable  proportion 
of  these,  when  electrified  along  lines  similar  to  those 
of  the  half  a  million  during  the  last  year,  would  result 
in  a  volume  of  power  sold  equal  to  that  of  one  industry 
of  magnitude. 


Electric  Development  in  California 

John  A.  Britton 

\  ice-President  &  General  Manager, 

Pacilic  Gas  &  Electric  Company,  San  Francisco 

THE  CEA'TRAL  portion  of  the  State  of  California  The  first   hydro-electric   development   in   California 

is  in  a  very  unique  position  respecting  the  possi-     began  in  the  year  1895,  and  they  have  continued  to  keep 
bilities  of  economical  development  of  hydro-elec-     pace  with  the  development  of  the  State  ever  since.    Ap 
trie  power 
mountains 


Its  Eastern  border  consists  of  a  range  of      proximately  600  000  horse-power  is  now  developed  and 
known    as   the    Sierra    Nevada    Mountains.     i„  active  daily  use.    The  first  units  of  200  kilowatts  have 

given  place  to  giant  units  of  15000  kilowatts,  and  a 
network  of  transmission  lines  with  potentials  of  1 50  000 
volts  cover  the  valleys  and  the  coast.  These  transmis- 
sion lines  have  been  niar\elous  factors  in  the  upbuilding 
of   the   agricultural   ijossibilities   of   the    State,   both   in 


which  rise  gradually  from  the  great  valleys  of  the  San 
Joaquin  and  Sacramento,  first  through  foothills  having 
an  average  altitude  of  2  000  feet  to  the  snow-covered 
crests  of  the  Sierras  with  a  maximum  altitude  of  nearly 
15000  feet.  The  numerous  canyons  form  the  basins 
for  rivers  flowing  to  the  Pacific  Ocean  and  present  in- 


numerable possibilities  of  splendid  storage  sites  and  are  irrigation  and  in  reclamation,  and  of  the  approximately 

the  resting  places  of  many  natural  lakes.  600000  horse-power.  150000  horse-power  are  used  for 

In  the  early  stages  of  hydro-electric  development  low  these  purposes, 
heads  were  the  only  possible  means  of  utilizing  falling  Within  the  border  line  of  the  vallexs  and  adjacent 
water  for  power  purposes,  due  to  lack  of  perfection  in  foothills  from  the  foot  of  the  Sierra  Nevada  ^fountains 
the  development  of  pipe  lines  and  units,  both  on  the  to  the  Pacific  Ocean  there  are  11  000000  acres  of  land 
water  and  electric  side,  that  would  take  care  of  the  very  susceptible  of  the  highest  degree  of  cultivation  in  farm- 
heavy  pressures  at  high  heads.  Developments  in  the  ing.  To  make  it  the  empire  of  the  world  California 
past  decade  have  been  so  rapid  that  advantage  is  taken  needs  but  a  pupul.-ition  cunniiensurate  with  its  possi- 
of  drops  up  to  2000  feet,  and  such  installations  are  not  bility.  We  of  the  coast  look  to  the  Panama  Canal  as  the 
uncommon.  The  early  mining  days  in  the  North-Central  means  of  bringing  here  the  desirable  eleiiients  of  the 
part  of  California  retfuired  reservoirs  and  ditches  to  poinilation  of  foreign  countries,  to  l)uild  up  into  greater 
convey  water  for  hydraulic  mining.  These  have  been  jiroductiveness  the  valleys  and  fertile  lands  of  the  foot- 
taken  advantage  of,  and  many  plants  are  now  using  old  hills  of  this  State,  and  with  the  ])ossibilities  of  the  ulti- 
mining  ditches  for  the  purpose  of  conveying  water,  and  mate  development  of  ajiproximately  one  and  one-half 
the  areas  of  these  afjueducts  have  been  enlarged  to  meet  million  horse-jiowcr  in  the  .Stale,  California  is  ready 
present  conditions.  with  all  of  the  potentialities  that  enter  into  the  ultimate 
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success  of  any  c(jnininn\veaUh  to  lake  care  of  tlie  peo- 
ples of  the  earth. 

Climatically,  California  is  an  ideal  country:  from  the 
first  of  November  until  the  first  of  April  \vc  have  what 
is  known  as  our  rainy  season — when  the  crests  of  the 
mountains  store  up  in  fallen  snow  the  energies  to  be 
used  in  hydro-electric  out])Ut  during  the  months  from 
AjM-il  I  to  November  i,  when  no  rain  falls.  The  natural 
run-ofif  of  the  streams  of  the  State  jjroduces  sufficient 
water  for  power  and  irrigation  until  about  the  middle  of 
Tune  in  each  \ear,  when  storage  is  then  drawn  ujion. 

1  f  it  were  possible,  the  greatest  good  w<juld  result 
to  the  members  of  National  Convention  of  the  Na- 
tional Electric  Light  .Association  to  be  held  in  San 
Francisco  in  June  from  a  personal  inspection  of  the 
wonderful   developments  that   have  been   made  in  the 


building  uj)  of  these  giant  power  plants  that  line  the 
Western  rim  of  the  Sierra  Nevadas ;  but,  due  to 
the  j)hysical  inability  to  bring  about  this  nuich-to-be- 
desired  result,  the  next  best  efifort  should  be  made 
l)y  the  members  in  attendance  at  the  Convention  in  visit- 
ing tiie  Exposition,  where  in  the  Palaces  will  be  found 
evidences  of  the  utilization  of  machinery  which  has  been 
developed  to  its  high  point  by  the  installations  that  have 
lieen  luade  by  the  pioneers  in  the  industry  of  electric 
light  and  power. 

It  should  be  significantly  borne  in  miml  that  this  is 
the  first  I'Lxposition  ever  held  in  the  world  in  which  the 
lighting  and  power  efifects  are  produced  primarily 
through  energy  generated  140  miles  away  and  trans- 
mitted at  a  potential  of  no  000  volts,  thus  presenting  in 
the  eft'ective  storage  of  the  snow  flake  the  greatest  con- 
servation ever  attempted  by  man. 


Large    Central    Station    Testing   Departments 

.Vr.KXANDER  M.AXWEM. 
Laboratory  Engineer, 
Xevv  ^'ork  Edison  Company 
COMP.WIES  engaged  in  the  snpply  of  electricity  for  light  and  power,  and  deriving  their  incomes  from  the 
sale  of  this  commodity  by  meter,  have  need  of  authentic  standards  for  the  ek-ctrical  units,     hi  the  very  large 
electricity  supply  companies  special  problems  concerning  construction  and  operation  are  always  present,  and 
the  investigation  of  such  problems  generally  requires  quite  extensive  experimental  work.     The  great  manu- 
facturing companies  are  constantly  engaged  in  research  and  development  work,  and  it  might  appear  on  this 
account  tliat  extensive  work  of  this  character  would  be  unnecessary  on  the  part  of  the  operating  companies. 
The  fact  is,  however,  that  the  problems  involved  in  the  generation  and  supply  of  large  amounts  of  electrical 
power  are  so  closely  related  to  the  actual  magnitudes  of  the  plants  that  such  systems  must  be,  as  it  were, 
their  own  laboratories.     Further,  many  of  the  problems  relate  to  local  conditions,  or  they  are  peculiar  to 
individual  systems. 
HE   New   York   Edison   Company  has   devoted      the   general   laboratory;  the   duties   of   this   division 
a  great  deal  of  care  to  the  preservation  of  its      include  the  conduct  of  general  technical  testing,  and 
reference     standards,     and     to     the     methods     the  charge  of  experiments  and  research  work. 


T 


whereby  its  watthour  lueters  and  station  instru- 
ments are  coiu])are(l  with  the  reference  standards. 
This  Company  has  also  developed  a  somewhat 
extensive  organization  for  general  testing  and 
ex])erimental  work,  in  connection  with  the  stand- 
ardizing laboratory.  The  loll(->\ving  (k'Scri]ition 
tells    briefiy    of    the    organization,    equipment    and 


The  choice  of  a  location  for  a  central  station  labor- 
atory presents  many  difficulties,  especially  in  such 
a  case  as  that  of  the  New  York  Edistm  Company, 
where  the  standardizing  laboratory  is  but  one  divi- 
sion of  a  department  which  lias  charge  of  all  general 
testing,  not  only  in  the  laboratory,  but  also  in  sta- 
tions and  customers'  premises.     For  the  purpose  of 


methods    of    this    department,    principally    with    the      the  standardizing  laboratory,  the  principal  require- 
object  of  illustrating  the  extent  and  diversity  of  the      ments    are    good    light    ;ind    air.    and    freedom    from 
problems    which    nuist    be   met   by    large    electricity 
supply  comp.anies,  in  addition  to  the  more  conven- 
tional   processes   directly    related    to   the   generation 
and  distribution  of  electricity. 

The  work  of  the  laboratory  is  divided  in  four 
parts.  The  oldest  and  ni^  ^si  important  di\ision  is 
the  standardizing  laboratory,  which  is  charged  with 
the  preservation  of  standards  and   the  maintenance 


vibration,  stray  fields  and  dirt.  The  general  labor- 
atory, however,  must  have  in  addition,  considerable 
amounts  of  ])o\ver.  both  alternating  and  direct  cur- 
rent, and  this  requirement  practically  demands  a 
location  near  to  a  sub-station,  in  order  to  avoid 
heavy  expenditures  ft>r  machinery.  The  problem 
fortunately  was  well  solved  in  this  case  by  the 
occui)ancy  of  part  of  ;i  loft  building  adjacent  to  a 
and  calibration  of  all  instruments  except  those  sub-station.  As  this  building  is  structurally  sepa- 
irstalled  on  station  switchboards.  Switchboard  late  from  the  station  building,  disturbances  due  to 
instnunents  are  maintained  by  another  division  vibration  or  stray  field  are  a\oided,  and  at  the  same 
which  also  has  charge  of  minor  tests  in  stations.  A  time  it  has  been  possible  to  arrange  comparatively- 
third  division  has  charge  of  all  tests  (other  than  inexpensive  wiring  whereby  current  for  experi- 
meter  tests)  made  in  customers'  premises.  The  mental  and  general  testing  purposes  may  be 
fourth  division,  the  largest  and  next  to  the  standard-  obtained  in  sufficient  quantity, 
izing   laboratory   the   most    important,   is   known   as  The  system  of  standardization,  so  far  as  it  relates 
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to  meter  testing,  is  well  illustrated  in  the  schematic 
diagram,  Fig.  i.  The  standardization  of  other  port- 
able instruments,  such  as  those  used  for  checking 
switchboard  instruments,  or  those  used  in  general 
testing,  follow  substantially  the  same  lines,  except 
that  these  latter  classes  of  instruments,  being  used 
in  the  laboratory  itself,  or  by  employees  of  the 
laboratory,  are  compared  directly  with  secondary 
standards. 

Referring  to  the  diagram  it  will  be  seen  that  the 
Company's  reference  standards  are  compared  at 
legular  intervals  with  the  Bureau  of  Standards,  alter- 
nately by  direct  comparison,  and  through  the  medium 
of  a  private  institution  of  the  highest  standing.  The 
Electrical  Testing  Laboratories.     It  will  also  be  seen 
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FIG.    I — SCHEM.\TIC   DI.\GR.\M    OF    SYSTEM    OF    ST.\ND.\RDIZ.\TIOM 

that  the  secondary,  or  working  standards,  are  com- 
pared with  the  reference  standards  at  frequent  inter- 
\  als,  and  so  on  through  the  local  standards  in  the 
meter  department,  to  the  portable  instruments 
actually  used  in  meter  testing.  In  addition  to  this, 
frequent  cross-checks  are  made  among  the  reference 
standards  themselves,  and  also,  as  shown  in  the 
diagram,  the  portable  instruments  are  not  only  com- 
pared frequently  with  the  working  standards  in  the 
laboratory,  but  are  in  addition  compared  daily  with 
local  standards.  It  is  also  shown  in  the  diagram  that, 
at  regular  intervals,  the  local  standards  are  checked 
by  an  independent  outside  authority,  thus  "by-pass- 
ing" several  laboratory  processes,  and  thereby  pro- 
\  iding  an  excellent  check  on  the  work  of  the  labor- 
atory. Attention  may  also  be  directed  to  the  fre- 
quency of  the  checks  upon  various  classes  of  appar- 
atus. It  will  be  seen  that  the  intervals  of  time 
between  checks  vary  with  the  probable  permanency  of 
the  various  classes  of  instruments  but,  particularly,  all 


of  the  intervals  are  much  shorter  than  those  ordinarily 
required  in  good  practice. 

The  records  kept  in  connection  with  this  scheme 
of  standardization  constitute  an  important  part  of  it. 
They  are  so  arranged  and  filed  as  to  make  it  possible 
at  an}-  time  to  trace  back  the  condition  of  any  instru- 
ment, and  verify  its  checks  with  the  standards,  thus 
establishing  its  accuracy  in  any  disputed  case.  These 
records,  although  somewhat  cumbersome,  have 
proved  their  value  in  many  instances.  On  the  whole, 
it  will  be  seen  that  this  scheme  of  standardization 
provides  such  frequent  comparisons  between  the 
various  classes  of  instruments,  and  such  critical 
cross-checks,  often  by  independent  authorities,  that 
it  is  practically  impossible  for  errors  to  occur,  even 
for  short  intervals  or  in  the  least  permanent  types  of 
instruments.  That  this  system  has  amply  justified 
itself  is  .shown  by  the  fact  that  for  a  period  of  many 
J  ears,  every  case,  in  which  the  accuracy  of  the  Com- 
pany's instruments  has  been  questioned,  has  resulted 
m  their  being  proved  correct. 

The  standardizing  laboratory,  in  addition  to  the 
maintenance  and  calibration  of  the  Company's  instru- 
ments, is  often  called  upon  to  design  or  construct  spe- 
cial instruments  and  devices  for  use  in  general  test- 
ing. Special  tests  and  investigations  of  new  instru- 
ments and  meters  are.  also  conducted  here,  since  the 
standardizing  equipment  lends  itself  especially  to 
such  classes  of  work.  The  equipment  consists  of  the 
usual  assortment  of  standard  resistances,  standard 
cells,  potentiometers,  bridges,  etc.;  it  is  notable 
rather  for  range  and  extent  than  for  any  unconven- 
tional arrangements.  The  arrangement  of  benches 
and  circuits  is  also  somewhat  special,  being  designed 
for  rapid  work,  as  on  some  days  seventy-five  to  one 
hundred  complete  checks  and  standardizations  are 
done,  in  addition  to  repair  work  on  station  instru- 
ments, and  the  field  work  of  the  outside  squads,  who 
check  local  standards  in  the  meter  department  and 
the  stations. 

The  division  in  charge  of  station  instruments 
makes  regular  inspections  of  such  instruments,  check- 
ing them  in  accordance  with  pre-arranged  schedules 
and  adjusting  and  calibrating  where  necessary.  The 
men  are  provided  with  tool  kits  and  with  standard- 
ized instruments  of  special  pattern  for  making  con- 
nections at  switchboards. 

In  addition  to  instrument  work,  these  men  also 
make  minor  tests  on  station  machinery,  such  as  the 
location  of  grounds  and  short-circuits  in  windings  or 
in  wiring,  continuity  tests  of  new  wiring,  and  so 
forth ;  this  work  is  done  in  co-operation  with  the  con- 
struction department,  or  when  required  by  the  oper- 
ating department. 

The  division  in  charge  of  the  tests  made  in  cus- 
tomers" premises  works  in  close  co-operation  with  the 
Contract  Department ;  the  work  done  may  be  divided 
into  several  classes.  First,  there  are  tests  made  on 
existing  installations,  which  consist  generally  of  tests 
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upon  motors,  or  other  apparatus  connected  in  instal- 
lations. The  tests  in  some  cases  are  called  for  on 
account  of  faulty  operation  of  apparatus.  Under 
these  circumstances  the  testers  endeavor  to  locate  the 
faults  and  indicate  the  means  by  which  satisfactory 
service  may  be  obtained  from  the  apparatus.  Such 
tests  are  entirely  for  the  accommodation  of  customers, 
and  constitute  part  of  the  free  service  offered  to  all 
customers  in  such  circumstances.  Other  tests  of  this 
character  are  made  in  connection  with  bill  investiga- 
tions and  service  investigations.  In  connection  with 
current  supply,  investigations  are  often  made  of  tlie 
pressure  maintained  at  the  customers'  service,  and  of 
the  pressure  actually  obtained  at  the  house  wiring 
outlets;  such  investigations  frequently  result  in  the 
disclosure  of  excessive  drop  in  house  wiring,  and  the 
consequent  removal  of  a  fancied  cause  of  complaint 
against  the  Company's  service. 

This  division  also  directs  a  special  inspection 
squad,  whose  duty  it  is  to  make  routine  inspections 
of  the  pressure  maintained  at  customers'  services.  These 
msi)ectors  follow  ])re-arranged  routes,  partly  in  day- 
light, but  principally  after  dark;  they  make  routine 
tests  of  service  pressure  in  such  order  that  the  en- 
tire network  of  street  mains  is  covered  every  few 
weeks.  The  range  of  i^ressure  is  reported  daily  to 
the  proijer  departments,  and  at  the  end  of  each  month 
the  average  results  of  the  tests  are  reported  in  graphic 
form.  The  office  records  of  this  inspection  are  so  ar- 
ranged in  a  street  file  that  upon  request  the  tests  made 
in  a  particular  street,  or  district,  may  be  reijorted  in 
detail  or  in  summary  for  any  desired  i)eriod. 

Another,  and  in  a  technical  way  most  important, 
class  of  testing  done  by  this  division  includes  the 
tests  made  in  isolated  private  plants.  These  tests 
are  re<|uired  by  the  contract  department  in  order  to 
secure  data  upon  which  to  base  proposals  to  prospec- 
tive customers.  They  generally  consist  of  load  tests 
of  the  private  plant,  and  often  attain  quite  extensive 
proportions,  especially  where  steam  is  used  for  indus- 
trial purposes  and  for  heating,  as  well  as  to  supply 
steam  engines.  Such  tests  generally  involve  mea- 
surements of  coal,  water  and  steam,  and  recpiire  the 
determination  of  the  sub-division  of  the  steam  to  its 
various  ultimate  uses,  as  well  as  the  indication  of 
engines,  or  measurements  of  the  output  of  generators. 
Gas  engines,  air  compressors  and  refrigerating  ])lants 
are  also  tested  in  connection  with  this  class  of  work. 
A  considerable  equipment  of  indicators,  calorimeters, 
steam  and  water  meters,  and  other  boiler  and  engine 
testing  apparatus  is  required  for  this  work  in  addi- 
tion to  the  ordinary  electrical  instruments. 

The  general  laboratory  is  charged  with  the  con- 
duct of  general  engineering  testing,  and  experimental 
or  development  work.  The  duties  of  this  division, 
while  extremely  varied  in  character,  fall  into  several 
main  classes.  The  testing  of  electrical  machinery  is 
done  systematically  on   new   apparatus,  in  order  to 


check  specifications  or  guarantees.  The  results  of 
such  tests  are  for  the  information  of  the  engineering 
department.  In  addition  to  this,  machines  and  other 
apparatus  are  frequently  tested  to  investigate  defects 
in  operation,  or  to  determine  their  behavior  under 
conditions  different  from  those  originally  contem- 
plated when  they  were  installed.  Tests  of  this  sort, 
although  generally  of  a  more  or  less  conventional 
character,  frequently  require  extensive  re-arrange- 
ments of  connections,  and  considerable  ingenuity  in 
manipulation,  since  the  tests  must  be  made  on  appar- 
atus already  installed  and  in  operation.  For  instance, 
temperature  and  regulation  tests  upon  sub-station 
machinery  must  generally  be  made  by  loading 
through  other  inverted  machines,  an  arrangement 
which  must  be  very  carefully  safeguarded  in  stations 
carrying  actual  load. 

The  testing  of  materials  and  supplies  increa.-es  in 
scope  and  volume  as  the  beneficial  results  of  such  testing 
arc  ap])reciated.  In  the  New  York  Edison  Company 
many  supply  items  are  sy.stcniatically  tested,  in  addi- 
tion to  materials  of  construction.  AX'hile  the  testing 
and  inspection  of  struclvu'al  material  is.  of  course, 
quite  th(3roughly  standardized  in  accordance  with 
established  practice,  this  is  not  the  case  with  certain 
classes  of  supplies.  W'itli  many  of  these  articles,  it 
is  necessary,  not  only  to  devise  tests  which  are  tech- 
nically satisfactory  but  the  inspection  and  the  test 
must  conform,  first,  to  the  ser\icc  requirements  for 
tlie  article  and,  second,  to  the  condition  of  the  market, 
ir  order  that  the  standards  estal)lislied  may  not,  on 
one  hand,  be  unreasonable  in  severity,  possibly  exclud- 
ing serviceable  products,  or  on  the  otlicr  hand  too 
low,  tending  to  admit  unserviceable  goods. 

Experimental  work,  naturally,  forms  the  most 
interesting  branch  of  the  laboratory's  duties.  Such 
work  covers  an  extremely  wide  range,  relating  gen- 
erally to  new  methods  of  construction,  or  new  prac- 
tices in  operation,  especially  with  regard  to  operating 
safeguards  and  protective  methods.  Thus,  extensive 
investigations  have  been  made  regarding  the  over- 
load capacity  of  storage  batteries,  the  short-circuit 
characteristics  of  generators,  oil  switch  operation, 
relay  protection,  and  .so  forth.  The  equipment  of  the 
general  laboratory,  in  addition  to  the  usual  variety  of 
portable  instruments,  galvanometers,  dynamometers, 
and  other  instruments  for  ordinary  electrical  mea- 
surements, includes  numerous  special  instruments, 
such  as  the  oscillograph,  spark  gap  and  sphere  gap, 
chronographs,  balances  and  other  instruments  for 
])hysical,  thermal  and  electrical  measurements.  Tliis 
laborator}-  is  also  equipped  witli  several  testing  trans- 
formers providing  for  tests  up  to  150000  volts,  cement 
testing  apparatus,  ovens  for  high  and  moderate  tem- 
peratures, and  various  auxiliary  apijaratus.  '{"here  is 
also  a  considerable  amount  of  ai){)aratus  wliich  has 
been  built  particularly  for  special  classes  of  testing, 
and  of  course  many  s])ecial  tests  require  apparatus 
built  for  the  individual  requirements  of  that  test. 


Electric  Railway  Loads  for  Central  Stations 


G.  E.  Miller 
Cleveland  Electric  Illuminating  Company 


IX  EXDE.WORIXG  to  develop  new  fields  for  the 
sale  of  electricity  from  a  central  station  supply,  one 
is  almost  invariably  confronted  by  certain  prejudices 
on  the  part  of  the  purchaser,  which  must  be  overcome 
before  any  material  progress  can  be  made.  These  preju- 
dicial obstacles  are  largely  born  of  habit,  and  the  older 
the  habit  the  stronger  the  prejudice.  The  hypothesis 
that,  for  economic  reasons,  the  entire  electricity  supply 
within  a  given  territory  should  be  a  monopoly  and 
supplied  by  one  agency  suggests  the  electric  rail- 
ways as  possible  users  of  central  station  service.  In  the 
chronological  development  of  electrical  industry,  the 
railway  came  into  being  before  the  modern  notion  of 
central  station  service  was  conceived,  so  that  the  electric 
railway  operator,  through  the  habit  of  years  of  practice 
in  operating  generating  stations,  is  found  to  be  fairly 
well  armored  by  prejudices  rooted  in  years  of  experi- 
ence. 

The  purpose  of  commercial  corporations  is  to  make 
money  for  their  stockholders.  That  is  the  purpose 
primarily  of  electric  railway  corporations.  The  use  of 
electricity  by  them  is  a  mere  incident  in  their  business. 
Electricity  is  relatively  no  more  important  to  the  street 
railway  than  it  is  to  the  shoe  factory  or  the  steel  mill. 
In  either  industry  it  is  merely  the  power  that  drives  it. 
Power  was  formerly  supplied  to  the  street  railway  by 
horses,  and  to  factories  and  mills  by  steam  engines  as 
mechanical  power.  It  was  quite  natural  that  in  the 
early  days  of  the  electric  railways  they  should  make 
their  own  electricity.  They  were  following  the  estab- 
lished practice  of  the  cable  and  the  horse-car  lines  in 
supplying  their  own  motive  power.  Besides,  twenty 
years  ago  the  central  station  had  not  entered  the  broad 
field  of  power  supply  and  the  service  it  rendered  con- 
sisted almost  entirely  of  electric  lighting.  The  relative 
size  of  the  electric  railways,  as  compared  with  the  light- 
ing and  power  companies,  was  such  that  the  railways 
could  make  electricity  cheaper  themselves  than  they 
could  buy  it.  This  was  none  the  less  true  of  the  shoe 
factory  and  the  steel  mill.  But  the  art  of  electricity 
supply  developed,  and  as  the  central  station  grew  to 
occupy  its  natural  field  of  service  it  expanded  to  include 
every  user  of  electricity  within  its  radius  of  operation. 
And  with  this  development  many  of  the  old  prejudices 
have  disappeared. 

As  the  transportation  industry  grew  and  the  prin- 
ciples of  scientific  management  were  applied  to  it,  it 
became  evident  that  the  use  of  electricity  in  street  rail- 
way transportation  is  not  fundamentally  a  transporta- 
tion problem,  but  is  only  an  incident  in  the  transporta- 
tion business.  It  is  no  more  a  fundamental  element  in 
the  business  of  transportation  than  is  the  use  of  elec- 


tricity in  a  modern  hotel  a  fundamental  element  in  hotel 
business ;  it  is  simply  one  of  the  many  agencies  em- 
ployed in  the  conduct  of  the  business.  Where  an  ade- 
ffuate  supply  of  electricity  can  be  bought  to  advantage 
f'or  electric  railway  purposes,  there  is  no  more  reason 
for  the  railway  making  its  own  electricity  today  than 
there  is  in  making  its  own  cars,  trucks  and  electric 
equipinent,  when  these  can  be  bought  to  better  advan- 
tage from  manufacturers  who  specialize  in  their  pro- 
duction. The  electric  railways  are  specialists  in  trans- 
portation. The  central  stations  are  specialists  in  the 
production  of  electricity.  It  stands  to  reason  that  a 
well-designed  and  well-managed,  modern  central  sta- 
tion should  be  able  to  supply  electricity  at  a  lower  cost 
than  can  any  other  industry  which  is  specializing  along 
some  other  line.  To  be  sure,  there  are  occasionally 
very  rare  exceptions  to  this  rule,  but  the  electric  rail- 
way is  not  one  of  them. 

So  much  for  the  historical  and  psychological  phase 
of  the  problem. 

There  are  other  factors  which  are  important  ele- 
ments for  consideration  in  supplying  electricity  from 
the  central  station  to  the  electric  railway,  and  which 
make  the  electric  railway  load  a  desirable  one  for  the 
central  station  to  secure.  One  of  these  is  load  factor — 
the  ratio  of  the  average  power  to  the  maximum  deliv- 
ered. The  higher  the  load  factor,  the  lower  is  the  cost 
of  production.  Any  new  load  added  to  a  central  station 
which  increases  its  load  factor  tends  to  reduce  the  cost 
of  power  production.  The  load  curve  of  a  central  sta- 
tion supplying  the  diversified  requirements  of  a  large 
center  of  population  will  shape  itself  according  to  the 
working  and  playing  habits  of  the  people  served.  It  is 
generally  true  that  the  load  of  an  electric  railway  starts 
at  an  earlier  hour  in  the  morning  and  continues  later  at 
night  than  does  the  bulk  of  the  load  supplied  by  the 
ordinary  power  users,  so  that  in  most  cases  the  addition 
of  electric  railway  load  will  tend  to  improve  the  load 
factor  of  a  central  station.  The  holiday  and  Sunday 
loads,  and  the  Saturday  afternoon  and  theatre  loads  of 
electric  railways  all  tend  to  improve  the  load  factor  of 
the  average  central  station. 

From  the  point  of  view  of  stability  of  revenue  to 
the  central  station,  another  desirable  feature  of  electric 
railway  load  in  the  larger  cities  is,  that  it  is  not  so 
sensitive  to  fluctuations  in  business  as  are  most  other 
kinds  of  power  load.  For  instance,  the  power  consump- 
tion of  many  factories  is  a  most  excellent  barometer 
from  which  to  judge  their  volume  of  business:  the  ton- 
nage of  an  electrically-driven  steel  mill  may  be  figured 
to  a  nicety  from  its  record  of  power  consumption.  But 
the  power  consumption  of  a  large  electric  railway  sys- 
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tern  does  not  respond  immediately  to  the  fare  box.  The 
explanation  for  this  is,  that  the  kilowatt-hours  per  car- 
mile  arc  affected  but  slightly  by  the  live  load,  so  that  a 
business  depression  which  might  cause  an  appreciable 
falling  off  in  gross  receipts  from  fares  to  the  trans- 
portation company,  but  which  would  not  be  serious 
enough  to  cause  a  change  in  schedules  or  a  reduction  of 
car  miles,  might  be  scarcely  appreciable  in  the  power 
consumption.  This  same  stagnation  of  business,  how- 
ever, would  probably  reduce  very  materially  the  central 
station's  revenue  from  its  other  power  consumers. 
Transportation  companies  are  reluctant  to  change 
schedules  or  reduce  the  number  of  car-miles  per  day, 
and  are  not  likely  to  do  so  unless  the  situation  becomes 
critical.  Not  even  the  most  violent  financial  disturb- 
ance or  business  depression  will  cause  a  complete  shut- 
down of  a  city's  transportation  system;  some  service 
must  be  maintained  however  poor  business  may  be  gen- 
erally. But  we  have  all  seen,  and  only  too  frequently, 
large  factories  and  mills  shut  down  for  weeks  and 
months  without  turning  a  wheel,  and  consequently  their 
power  consumption  decreases  to  the  vanishing  point.  In 
this  very  important  respect  a  street  railway  load  is  more 
desirable  than  almost  any  other  class  of  power  con- 
sumption. 


The  recent  development  of  the  sixty  cycle  rotary 
converter  to  its  present  state  of  perfection  has  been  one 
of  the  most  important  factors  contributing  to  the  acqui- 
sition of  electric  railway  loads  by  central  stations.  As 
most  of  the  central  stations  in  large  cities  in  this  country 
operate  sixty  cycle  systems,  the  conversion  losses  in 
motor-generator  sets  used  to  supply  direct  current  for 
railway  purposes  made  it  next  to  impossible  for  central 
stations  to  compete  successfully  for  this  class  of  busi- 
ness. But  the  splendid  determination  shown  by  engi- 
neers and  manufacturers  in  perfecting  the  sixty  cycle 
converter  in  large  sizes  has  removed  the  last  obstacle 
and  has  made  it  possible  for  the  central  station  to  serve 
this  important  field  with  profit  and  satisfaction. 

The  day  is  not  far  distant  when  street  railway  oper- 
ators will  come  to  appreciate  the  advantage  of  central 
station  power  as  regards  cost  and  reliability  of  service, 
and  in  getting  rid  of  the  power  problem  the  further 
advantage  of  enabling  them  to  devote  their  undivided 
attention  to  strictly  transportation  problems,  and  when 
these  advantages  are  fully  understood  the  isolated  street 
railway  power  stations  will  be  few  and  far  between, 
,tnd  the  central  station  will  more  nearly  perform  its 
ideal  function,  that  of  supplying  all  of  the  electricity 
consumed  within  its  radius  of  operation. 


High  Efficiency  Mazda  Lighting  Systems 

W.  p.  Hurley 

Detail  and  Supply  Dept., 

Wcstinghouse  Electric  &  Mfg.  Company 

AS    DISTINGUISHED    from    older    tungsten     same  fixtures,  the  most  popular  consisting  of  a  radial 
lamps,  Mazda  "C"  lamps  are  constructed  with      reflector  with  suitable  insulating  supports,  and  oper- 
helicallv   wrmnd   lilaments  in  gas-filled  l)ulbs.     atcd  on  a  series  system  by  means  of  a  film  cut-out  or 
This  makes  possible  the  operation  of  the  filaments  at      shunt  coil,  as  shown  in  Fig.  i. 

higher  temperatures   than   is  otherwise   iicrniissible.  High  candle-power  lamps  for  this  class  of  service 

P'or  street   lighting  the   development   of  the    Mazda      \vere  not  previously  available,  but  with  the  develop- 
"C"  lamp  lias  had  the  practical  efi'ect  of  increasing     ment  of  the  Mazda  "C"  lamp,  which  is  at  its  most 

efficient  rating  when  made  in  high  candle-powers,  this 
system  may  be  used  economically  where  high  intensities 
(if  lighting  are  required.  The  flexibility  is  greater  than 
that  of  any  other  one  system,  because  of  the  possibility 
of  using  incandescent  lamps  of  any  candle-power  from 
40  to  I  000  on  an  alternating-current  circuit. 

For  small  towns  or  installatiims  where  skilled  help 
is  not  available  it  can  he  readily  seen  that  the  pos- 
sil)ility  of  maintaining  a  system  with  little  lal)or,  by 
little  more  than  merely  replacing  burned  out  lamps, 
is  of  great  ad\antage,  and  is  enough  in  many  cases  to 
overcome  the  much  higher  efficiency  and  lower  oper- 
ating costs  of  the  flame  carlion  arc  lamps  for  equiv- 
alent illumination. 

REQUIREMENTS  FOR  STREET  LIGHTING 

Depending   upon    local   conditions,   there   are,   of 


FIG.    I — STREET    HOOU   WITH    TWO-I'IECK   REELECTOR,   L.\MP 
GC.\RD    .\iiti    GOOSENECK    BR.XCKET 

the  efficiency  of  the  former  small  candle-power  unit 
by  from  20  to  35  percent  and  of  making  available  for 
street  lighting  a  high  candle-power  unit  of  this  type. 


The  low  candle-pow-er  lamps  have  bulbs  of  the  same  course,  many  requirements  to  make  street  lighting 
shape  and  size  as  were  previously  used  for  the  satisfactory,  but  in  general,  the  following  three  must 
vacuum   lamp.     Thus   they    may   be   used    with    the     apply  to  practically  all  problems : — 
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I — Discernment  of   large  objects  in  the  street  and  on  the 

sidewalk. 
2 — Discernment  of  snrface  irregularities  on  tlie  street  and 

on  the  sidewalk. 
3 — Good  general  appearance  of  the  lighted  street. 

From  the  standpoint  of  the  usual  types  of  streets 
to  be  iUuminated,  the  problem  may  be  again  classified 
in  three  division  as  follows; — 

I — Outlying,  thinly  settled  districts. 

_' — Residence  streets. 

3 — Business  streets  and  boulevards. 

OUTLYING  DISTRICTS 

For  such  districts,  wholly  or  partly  uninhalnted, 
the  type  "C"  Mazda  lamp  should  rapidly  supersede 
all  Cither   forms  of  illumination   because   of  its   high 


FIG.    2 — STREET    HOOU    FOK   BR.^CKKT    SUSPENSION    WITH 
SIXCI.E   PIECE  REFLECTOR 

efficiency,  low  first  cost  and  low  operating  expense,  as 
compared  to  other  small  units,  with  a  candle-power  well 
maintained  for  a  long  period.  It  is  usually  sufficient 
to  use  lamps  not  exceeding  100  candle-power,  depend- 
ing upon  the  prominence  of  the  location,  little  at- 
tempt being  made,  on  account  of  economy,  to  light  all 
the  street  surface.  In  other  words,  these  lamps  serve 
more  as  markers  for  the  corners  and  rough  places. 
Such  markers  can  readily  be  tised  with  the  large 
flame  arc  lamps  in  places  where  only  a  small  unit  is 
required.  These  districts  in  general  require  com- 
paratively small  lamps  with  a  cheap,  rugged,  and 
durable  form  of  fixture,  such  as  shown  in  Fig.  2. 

It  lias  been  the  general  experience  with  the 
vacuum  type  of  lamp  that  the  radial  reflector  is  best 
adapted  for  this  service.  It  gives  an  excellent  distri- 
bution of  tlie  light  for  long  periods  with  a  minimum 
of  attention.  While  such  fixtures  must  necessarily  be 
low  in  first  cost,  the  reduction  should  be  through  sim- 
plicity rather  than  at  a  sacrifice  of  workmanship  or  ma- 
terials which  may  soon  make  a  poor  appearance  and 
give  poor  service.  Care  must  be  taken  to  see  that  the 
enameling  is  properly  done,  as  flaws  tend  to  allow 
rapid  corrosion,  particularly  in  climates  ha\-ing  con- 
siderable moisture.  The  reflector  must  be  sufficientlv 
stiff  to  withstand  wind  and  snowstorms  which  may 
pile  a  large  amount  of  snow  and  ice  on  the  reflector. 
The  two  piece  reflector  having  a  conical  upper  part 
eliminates  these  difficulties  most  completely  and  per- 
mits the  reflector  to  be  more  thoroughly  enameled. 


The  enameling  should  cover  the  steel,  both  inside 
and  outside,  and  should  be  put  on  after  the  two  parts 
are  put  together.  The  light  distributions  of  vacuum 
and  gas  filled  Mazda  lamps  are  practically  the  same 
with  such  reflectors. 

RESIDENCE    STREETS 

For  resilience  streets  the  Mazda  "C"  lamp  is 
excellently  adapted,  the  requirement  usually  being  a 
comparatively  large  candle-power  lamp,  such  as  250, 
400  or  600  candle-power  at  street  intersections,  par- 
ticularly where  street  car  lines  operate.  If  there  is 
not  much  travel  on  the  street,  a  250  candle-power 
lamp  should  be  sufficient,  this  being  roughly  the 
equivalent  in  illuminating  power  of  the  6.6  ampere, 
alternating-current  series,  enclosed  carbon  arc  lamp, 
it  is  the  usual  practice,  and  an  excellent  one,  to  have 
also  lamps  of  from  60  to  100  candle-power  half  way 
between  corners  if  the  lilocks  are  over  300  or  40D 
feet  long.  In  general  it  may  be  said  that,  if  the 
streets  are  shaded  heavily,  more  lamps  of  lower 
candle-power  should  be  used. 

For  residence  streets  the  same  units  as  described 
above  for  outlying  districts  are  in  use  in  many  places. 
It  is,  however,  often  desirable  to  provide  a  unit  hav- 
ing a  higher  artistic  appearance  and  in  many  cases, 
arranged  for  concealed  wiring  as  in  Fig.  3. 

For  the  more  important  corners,  such  as  street 
railway  crossings  or  important  thoroughfares  having 
comparatively  rapidly  moving  street  traftic  such  as 
automobiles,  it  is  desirable  to  use  lamps  of  600  or 
I  000  candle-power.  This  range  of  candle-power 
makes  the  Mazda  "C"  lamp  adaptable  for  any  street 
lighting  with  but  one  simple  series  aIteniatino--cur- 
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ElO.  3 — STREET   HOOD   WITH    SINGLE  PIECE  REFLECTOR  .\ND  DOUBLE 
CURVE   SCROLL  BK.\CKET    FOR    INTERIOR    WIRING 

rent  circuit  to  operate  it.  For  high  candle-power 
lamps  it  is  desirable  that  a  fixture  adapted  for  a  20 
ampere  lamp  current  be  used,  as  the  lamp  of  this 
rating  gives  the  same  light  as  a  similar  lamp  adapted 
for  6.6  amperes,  and  saves  10  to  15  percent  in  power. 
In  more  practical  terms,  this  means  that  with  a  fix- 
ture having  a  market  price  of  approximately  $4 
higher,  including  the  auto-transformer  for  operating 
the  20  ampere  lamp  on  a  6.6  ampere  circuit,  a  saving 
in   cost  of  energy,  considering  also   the   loss   in   the 


236 


77//:     lilJiCTRIC    JOURNAL 


auto-transformer,  could  be  made  equal  to  this 
increased  price  in  two  years.  This  is  based  on  power 
at  one  cent  per  kvv-hr.  with  ;i  lighting  schedule  of 
4000  hours  per  year. 

It  is  obviously  impracticable  to  operate  these 
lamps  on  a  20  ampere  circuit,  in  most  cases,  because 
the  loss  in  watts  in  any  line  is  nearly  ten  times  as 
high  as  when  6.6  amperes  is  used.  This  line  loss  can 
be  saved  by  the  use  of  an  individual  transformer  or 
auto-transfiirnier,  inasiniicJi  as  all  tlie  desirable  char- 
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FIG.  4 — UVt  CURVE  OF   M.\ZI).\  I..-\MP  WITH   V.VKYING  CURKE.NT 

Five  percent  over-current  reduces  the  lamp  life  by  70  percent. 

acteristics  are  obtained  at  a  lower  cost.  The  power- 
factor  of  these  auto-transformcrs  is  approximately  yS 
percent  with  an  cfticiency  of  95  percent.  In  additiim 
to  raising  the  efficiency  of  the  lamp  unit  the  auto- 
transformer  ])rotects  the  lamp  filament  from  surges 
on  the  line.  For  example,  an  increase  of  current  in 
the  line  of  100  percent  produces  but  little  over  40  percent 
increase  in  current  in  the  lamp,  thus  tending  to  preserve 
its  filament  from  unnecessary  shock. 

The  auto-transformers,  Fig.  5,  are  of  the  core  type 
with  windings  so  proportioned  as  to  obtain  this  pro- 
tective feature.  The  windings  are  thoroughly  impreg- 
nated in  a  vacuum  treatment  with  Bakelite  and  insu- 
lated with  micarta  washers  so  that  they  are  not  af- 
fected by  any  ordinary  operating  temperature,  perfect 
reliability  being  obtained  at  as  high  an  operating 
temperature  as  125  degrees  C.     This  feature  is  par- 


i-iG.  5 — auto-tr.\nsformi;r  of  300  wAin's  capacity 

Tor  operating  20  ampere  Mazda  "C"  lamps   from  6.6  ampere, 

constant  current  circuits. 

ticularly  desirable  in  \  iew  of  the  proximity  of  the 
lamp,  as  shown  in  Fig.  0,  which  operates  at  a  very 
high  temperature. 

The  efficiency  and  power-factor  of  such  a  design 
is  at  the  maximum  because  of  its  compactness  and 


the  excellent  utilization  of  materials,  particularly  the 
iron.  Aiidtiier  imi)ortant  feature  essential  in  such  a 
l^niduct  is  the  tinilurmity  of  performance  of  indi- 
\  idiial  units.  A  good  test  sample  of  a  design  does 
nut  assure  tiiis  feature  which  in  such  a  design  may 
go  undetected  by  an  oi)erating  company  for  a  long 
time  til  the  detriment  of  their  average  lamp  life. 

The  \entilatiiin  of  the  lamp  itself  must  also  be 
taken  care  of  in  the  fixture.  Not  only  is  the  Mazda 
"C""  iam])  designed  Xn  use  a  much  larger  wattage  in 
a  gi\en  sizef!  bulb,  thus  raising  its  temiierature.  but 
the  heating  efiect  of  the  filmament  on  the  glass  bull) 
is  much  greater  in  a  gas  filled  lamp  than  in  a  \acuum 
lani]).  This  is  because  the  conduction  of  heat  through 
a  gas  is  more  rapid  than  through  a  vacuum  This 
I'henomena  is  also  responsible  for  the  fact  that  the 
higher  current  Mazda  "C"  lamps  are  much  more  effi- 
cient than  the  older  vacuum  and  lower  current  lamps. 
To  get  the  most  reliable  and  longest  service  from 
these  lamps,  the  fixture  must  be  designed  in  such  a 
way  as  to  give  good  ventilation  of  the  lamp.  With- 
out this,  the  lamp  will  blacken  more  rapidly  than  it 
should,  and  also  the  life  will  be  much  shorter.  Such 
a  fixture  is  shown  in  Fig.  6. 
For  obvious  reasons,  the  fixture 
^hm^l(l  also  be  designed  to  ex- 
clude insects.  To  take  care  of 
tiiis  feature,  all  openings  in  the 
lixture  should  be  properly 
screened.  The  openings  should 
l:e  of  such  a  form  as  to  elim- 
inate the  possibility  of  rain 
coming  directly  in  contact  with 
the  upper  portion  of  the  lamp 
which  is  hottest  and  most  likely 
to  he  cracketl. 

It  is  desirable  that  these 
fixtures  be  e(|uipped  with  re- 
flectors to  improve  the  distribu- 
tion in  the  most  useful  direc- 
tion and  cast  more  light  directly 
under  the  lamp.  For  that  rea- 
son the  fixtures  are  usually  designed  so  that  a  reflector 
mav  be  used  if  desired  as  shown  in  Fig.  7.  Such  a  fix- 
ture niav  be  provided  with  cither  clear  or  diffusing  globe 
as  desired,  it  being  similar  in  general  external  appear- 
ance to  an  arc  lamp.  The  diffusing  globe  is  recom- 
mended, as  the  lamp  has  a  very  high  intrinsic  brilliancy. 
In  considering  the  operating  cost  of  Mazda  "C" 
lamps  the  maintenance  charges  for  cleaning  and 
replacing  new  for  old  lamps,  or  for  accidental  or  other 
breakage,  should  not  be  overlooked.  While  the 
Mazda  lamp  requires  attention  jierhaps  less  fre- 
qtientlv  than  an  arc  lam]),  the  reflector,  and  ])articu- 
larlv  the  glassware,  if  any  enclosing  globe  is  used, 
must  be  cleaned  systematically  to  give  the  best  re- 
sults. This  is  in  any  system  but  a  small  portion  of 
the  total  cost  of  service. 


FIG.  6 — I.UXSOI.ITE  I'lX- 
TURIC    TOP 

Sliowin.i?  mounting  of 
auti)-transfornicr,  socket 
an<l  Mazda  "C"  20  am- 
pere lamp. 
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When  considering  the  replacing  of  arc  lamps  with 
these  half-watt  lamps,  operating  companies  should 
T'Ot  overlook  se\-eral  j)oints  of  importance.  The  rat- 
ing of  one-half  watt  per  candle-power  for  the  Mazda 
"C"  lamp  is  on  a  basis  of  horizontal  candle-power 
Avliich  is  greater  than  the  mean  lower  hemispherical 
candle-power  by  which  arc  lamps  are  rated.  The 
half-watt  rating  does  not  take  into  account  the  lo 
to  30  percent  absorjjtion  (depending  upon  the  kind 
of  glass  used)  by  the  necessary  enclosing  globe,  nor 
does  it  include  the  five  jiercent  loss  in  the  necessarv 
auto-transformer  which  loss  is  larger  than  that  in  the 
regulating  mechanism  of  some  modern  arc  lamps. 
All  such  losses  are  included  in  arc  lamp  efficiency 
figures.  Therefore,  while  it  may  be  stated  that  the 
efficiency  of  the  higher  current  type  "C"  lamps, 
excluding  losses  of  the  character  mentioned,  is  about 
i.ne-half  watt  jjer  Imriznntal  candle-power  it  is,  with 
losses  included,   near  h^  0.63   watts   per  mean  lower 


lie.  7 — i.L'.\s;)i.ni;  iixitrh  cumpi,i;tk  with  r.i.onr.  and 

RE1-'I.I-:CT0R.    SHOWIXl'.    HINCEU    CI.OBE 

hemispherical  candle-])!  iwer  a>  cmnpared  ti  ■  the  0.3 
watts  per  mean  lower  iieniisplierical  candle-pi  iw  er  df 
some  111  the  nindern  arc  lamp>. 

KL'SINESS    STkl-.ICTS    A  .\  I )    UOL"I.i:V.\KI)S 

These  recpiire  more  than  anything  else  a  lighting 
which  is  attractixe.  as  a  l)U>iness  street  depends  im 
light  for  its  drawing  power  011  the  pedestrian.  By 
having  a  well-lighted  street,  merchants  attract  nian_\ 
nK)re  i)assers-by  to  a])prcciatc  their  show  windows. 
For  this  reason  the  Mazda  cluster  lighting  lias  been 
quite  ])o])ular.  es])ecially  in  some  sections  of  the  coun- 
try. With  the  intro(hicti(pn  of  the  Mazda  "C"  lamj) 
these  installations  of  cluster  ligliting  can  be  made 
more  efficient  and  with  a  more  attractive  color,  inas- 
much as  tile  liglit  from  this  lamp  is  niiu-h  brit^liter. 
In  addition,  the  .Mazda  l.iinp  in  high  candle-power 
makes  available  a  single  unit  system  wliicli  is  in  gen- 
eral more  attractise  ancl  disjiiihed  than  a  cluster  svs- 


tcm,   and   also,   is   of   higher   efficiency,   because   the 

h.rge  candle-power  incandescent  lamjjs  are  better  in 

this  respect  than  the  small  candle-power  units. 
The  unit  of  this 

nature    may    lie    of  ^  1 

main'    different  ^^ 

stvles    and    employ 

various  types  of 

const  ruction,    as 

shown     in     Fig.    8. 

(  )ne    of     the     best 

designs    from    t  h  e 

standpoint    of 

safety  as  well  as  of 

economical     ojiera- 

tion  is  to  mount  an 

insulating   t  r  a  11  s- 

foniier  in  the  1)ase 

of     the     pole     or 

l)uricd  in  the  earth 

beneath    the    pave- 
ment.     1  h  e  s  e  of 

c  (I  u  r  s  e    must    be 

water  -  jjroof    anil 

adapted    for   wi[)e(l 

joints    to    the    lead 

cable,  carrying  the 

series   current.      If 

buried  in  earth,  a  cast  iron  case  is  required,  although  a 

lighter    form   of   case   is  suitable,  as   shown   in   Fig.   9, 

where   the   pole   is   adaptable    fin-   the   mounting   of    the 

traiisfonner  in  the  liase. 
1  his  tvpe  of  installation  is 
extremeh'  safe,  particularlv 
when  the  transformer  is 
buried  lieneath  the  ])ave- 
nieiit.  as  in  such  a  case  the 
onlv  ch.ance  of  shock  from 
it  w<iulil  be  from  a  voltage 
not  higher  than  four  times 
the  normal  \nltage  (13  to 
_"3  )  of  the  l.inips  w  h  e  n 
burning,  this  iiccnrring  if 
the  lani[j  leads  become 
open-circuited  for  any  rea- 
son, (n-  if  the  lamp  burns 
out.  This  makes  lamp  re- 
newals readilv  jjossible  on 
the  circuit  while  in  oj.iera- 
lion  ;ni(l  also  renilers  ])ass- 
ei'sln  inininiie  trom  danger 
in  case  the  pole  is  broken 
oft'  accidenlally,  e.K])Osing 
the  wiring  to  the  1,'iiiip. 
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l-IO.    8 — SI.M'.I.K    LIGHT    ST.\NliAmiS 

With  ornamental  (left)  anil  plain 
spherical  arc  lamp  globes  and  ven- 
tilators,  for   Mazda  "C"  lamps. 


FIC.     y — WATERPROOF    TRAXS- 

lOUMER     FOR     .MOUXTIXl, 

IX    I'OI.E    BASE 

This  insulates  Mazda  "C" 
lamps  from  liigh-voltafie, 
constant-current  circuits. 


COXSTAXT  IL-RKKNT   RKCUI.ATl  .NG  SVSTKMS 

The  s\steiii  of  regulation  to  be  used  for  .any  given 
installation  depends  to  some  extent  on  several  re<[uire- 
ii.ents,  which  should  usually  be  considered  in  the  fol- 
lowing order  of  ini|iort;ince  : — 
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I — Constant  current  with  clianKcs  in  load. 

2 — Constant  current  with  chanj^es  in  primary  voltage. 

3 — Constant  current  with    grounds    and    short-circuits,    on 

lamp  circuit. 
4 — Ease  of  installation  and  operation. 
5 — Efficiency. 
6 — Power-factor. 

The  relative  importance  of  these  requirements 
varies  somewhat  for  individual  installations.  There  are 
four  well-known  methods  of  operating  series  Mazda 
lamp  circuits  from  constant  potential  alternating-current 
service.  Others  furnishing  direct  current,  which  will 
not  be  considered,  are  the  old  direct-current  arc  ma- 
chines, and  the  Cooper-Hewitt  mercury  rectifiers.  These 
are  little  used  for  Mazda  lamps  alone  on  account  of  their 
high  initial  cost  with  comparatively  heavy  maintenance 
expense,  as  the  Mazda  lamps  operate  as  well  on  alter- 
nating current  as  on  direct  current.  The  four  methods 
will  be  considered  in  the  following  order: — 

I — Constant  current  moving  coil  regulators  with  film  cut- 
out sockets. 

2 — Adjuster  socket  systems. 

3 — Series  reactance  coil  regulators  or  phase  displacement 
with  fdm  cutout  sockets. 

4 — Series  film  cutout  sockets  directly  connected  in  serie- 
across  constant  voltage  circuits. 

CONSTANT  CURRENT  REGUL.\TORS 

This  regulator  is  coni])aralivcly  well  known  in  prin- 
ciple, having  been  on  the  market  apiiroximately  20  years. 


IIG.    10 — CONST.\NT    CURRE.NT    VE.VTII,.\TEU    COU,    REGUI..\T0K 

With  one  cover  screen  removed,  showing  the  transformer 
of  17  k.v.a.,  60  cycles,  2200  volts  primary  to  6.6  amperes  sec- 
ondary. 

The  most  common  form  consists  of  a  primary  and  sec- 
ondary coil  surrounding  a  common  core,  one  of  which 
coils  is  movable  and  balanced  by  a  counterweight  as 
shown  in  Fig.  10.  An  old  form  little  used  at  the  pres- 
ent time  consisted  of  a  movable  core  or  coil  for  current 
regulation  operated  from  an  adjustable  voltage  trans- 
former.    The  latest  designs  of  constant  current  regu- 


lators have  the  coils  constructed  so  that  every  part  can 
be  readily  cooled  by  the  surrounding  air,  there  being  no 
])art  of  any  coil  more  than  one-half  inch  thick,  thus 
making  a  hot  spot  with  consequent  burning  out  ira- 
possible.    Such  a  regulator  coil  is  shown  in  Fig.  11. 

With  a  good  mechanical  construction  this  regulator 
will  maintain  the  current  within  one  percent  of  its  rating 
from  full  load  to  short-circuit  when  using  the  full-load 
winding.  Considering  the  value  of  this  system  on  the 
above-mentioned  basis  of  requisites,  this  is  by  far  the 
closest  regulation  possible  in  any  of  the  systems  now 


lie.  II — con.  For  const \nt  current  regulator 

developed.  With  primary  voltage  changes  which  may 
be  due  to  switching,  station  troubles,  or  increase  in  sta- 
tion voltage  to  compensate  for  line  drop  in  feeders,  this 
regulator  is  the  only  one  which  maintains  its  rated  cur- 
rent. With  grounds  and  short-circuits  on  the  line  the 
moving  coil  changes  its  position  to  maintain  normal  cur- 
rent regardless  of  their  severity,  doing  so  within  three 
seconds,  as  indicated  in  Fig.  12.  In  localities  having 
iiiany  trees  or  difficult  line  construction  the  im]iortance 
of  this  feature  cannot  be  over-estimated  when  compared 
with  any  of  the  other  systems  having  no  moving  coil. 

This  regulator  is  easy  of  installation  and  simple  in 
operation,  being  usually  placed  in  a  station  with  an 
attendant,  unless  special  provision  is  made  for  its  start- 
ing and  stopping.  Also,  it  is  extremely  reliable,  having 
no  delicate  parts  or  com])licated  adjustments.  The 
power-factor  at  full-load  is  approximately  85  percent. 
Taps  are  provided  in  the  secondary  coil  to  obtain  full- 
load   jfower-factor  at  80  percent  load  without  gre.itly 


^ 

u 

C.r 

Ult    <■ 

thoirt  Rtts 

UtO« 

U 

\, 

Itmct 

n«  Repil» 

or 

\ 

\ 

i 

\ 

S   » 

'SSSi 

-C0.I 

RcSJ 

1 

£ 

r.^ 

•n  S« 

mr^lk 

1 

FIG.    12 — SERIES    CIRCUIT    RECUL.\TIXG    SYSTEMS 

.\s  affected  by  suddenly  short-circuiting  25  percent  of  the 
load.  The  moving  coil  regulator  adjusts  itself  immediately, 
while  on  the  other  two  systems  the  excess  current  is  maintained 
until  short-circuit  is  removed. 

affecting  the  closeness  of  the  regulation.  With  light 
loads  the  power- factor  decreases  in  proportion  10  the 
decrease  in  load. 

The  film  cutout  socket  used  with  such  a  system  is 
com])aratively   well  known  and  consists  essentially   of 
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two  brass  jaws  held  apart  by  a  thin  piece  of  insulation. 
When  the  lamp  goes  out,  causing  the  full  voltage  of  the 
open  circuit,  thus  formed,  to  be  impressed  on  this  film, 
it  punctures,  thus  allowino-  the  circuit  to  remain  unin- 
terrupted. These  sockets  are  held  in  place  by  the  jaws 
of  a  receptacle  in  the  hood  which  are  especially  rein- 
forced by  stiffening  springs  to  prevent  any  difficulty 
from  the  spring  in  the  receptacle  becoming  weak 
through  over-heating  caused  by  bad  contact. 

ADJUSTER    SOCKET    SYSTEM 

This  system  differs  from  the  other  three,  inasnuich 
as  a  different  type  of  lamp  cutout  is  employed.  It  con- 
sists of  a  multiple  socket  which  is  shunted  by  a  react- 
ance coil  permanently  connected  in  circuit.  This  react- 
ance coil  is  designed  so  that  when  a  lamp  is  in  circuit 
the  reactance  coil  takes  only  an  exciting  current  of  ap- 
proximately two  percent  of  the  total  line  current.  When 
the  lamp  is  burnt  out  or  removed  all  the  current  is 
forced  through  the  coil  which  introduces  a  high  react- 
ance in  series  with  the  other  lamps  and  thus  prevents 
the  current  from  rising  unduly,  although  operated  on  a 
constant  potential  circuit.  A  circuit  of  this  type  is 
shown   ill   Fig.    13.      -\  transformer  is   [)rovided   which 
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will  enable  an  adjustment  of  voltage  for  tlie  circuit  to 
be  made  within  one  percent  of  that  required.  This  is 
usually  adjusted  to  the  correct  current  by  means  of  a 
portable  ammeter  in  the  constant-current  circuit.  The 
transformer  and  adjuster  socket  coils  can  be  made  for 
any  desired  current  rating. 

In  this  system  the  following  features  are  apparent : 
When  lam])s  go  out,  the  current  does  not  rise  more 
than  two  percent  above  normal,  this  occurring  when 
about  10  percent  of  the  lamps  are  out;  if  more  lamps 
are  extinguished  the  current  will  rapidly  iail  until,  with 
a  large  number  of  the  lamps  out,  less  than  half  normal 
current  will  be  in  the  circuit,  thus  amply  protecting  the 
lemaining  lani])s  from  burnout.  With  primary  voltage 
changes,  the  current  in  the  series  circuit  will  change  at 
the  same  rate  as  it  will  change  in  any  Mazda  lamp  with 
changed  voltage.  Where  these  transformers  are 
mounted  on  poles  connected  to  feeders  of  house  light- 
ing circuits,  this  is  satisfactory,  as  the  street  series 
circuit  will  stand  fully  as  much  voltage  variation 
as  will  the  lamps  in  the  adjoining  residences.     Grounds 


and  short-circuits  on  the  series  circuit  can  be  guarded 
against  by   pro])erly    fusing  the   system. 

The  system  is  easy  to  install  and  operate,  it  being 
only  necessary  to  install  the  transformer  of  the  well- 
known  distributing  type  with  street  hoods  similar  in 
appearance  to  the  film  cutout  type.  Adjustment  of  volt- 
age is  made  at  terminal  blocks  inside  the  transformer 
case  without  the  necessity  of  any  soldering. 

This  system  is  particularly  convenient  and  success- 
ful when  operated  with  a  time  switch  m  isolated  dis- 
tricts, the  only  attention  required  after  installation  be- 
ing the  renewals  of  lamps  and  tlie  weeklv  winding 
of  the  clock.  The  power-factor  of  the  adjuster  socket 
system  is  98  percent  with  all  lamps  lighted,  falling  off 
as  the  lamps  are  removed  or  liurned  out. 

SERIES    RE.^CT.^NCE    COIL    REGUL.\TOR 

A  regulator  which  is  sometimes  used  on  account  of 
its  low  first  cost  and  adaptability  to  pole  mounting,  in 
places  where  these  features  are  given  greater  weight 
than  performance  is  called  the  reactance  coil  regulator 
or  phase  displacement  transformer.  This  device  con- 
sists of  a  constant  potential  transformer  with  adjustable 
reactance  in  series  with  the  circuit  of  street  lamps,  cut- 
ting down  the  power- factor  to  approximately  80  percent 
and  thereby  reducing  rises  in  current  from  any  cause. 
In  order  to  make  the  regulation  of  current  close  to  nor- 
mal through  a  wide  range  it  would  be  necessary  to  have 
sufficient  reactance  in  the  regulator  to  reduce  the  power- 
factor  to  a  prohibitive  figure  from  an  operating  stand- 
point. 

\\'ith  any  change  from  normal  conditions  such  as 
lamp  outage,  increase  of  primary  voltage,  or  double 
grounds  and  short-circuits  on  the  lamp  circuit,  the  cur- 
rent rises  approximately  70  percent  as  much  as  it  would 
if  no  reactance  regulator  were  used.  This  indicates 
that  such  a  system  operated  at  80  percent  power-factor 
gives  very  little  real  protection  to  the  lamps.  Conse- 
quently if  lamps  start  to  burn  out  due  to  being  defec- 
tive or  to  over-voltage  and  the  system  is  not  watched, 
the  entire  line  of  lamps  might  easily  burn  out  before 
morning,  unless  the  primary  fuse  opened  the  circuit. 
For  real  protection  the  value  of  such  a  reactance  regu- 
lator is  practically  nothing. 

The  system  is  comparatively  easy  of  installation  but 
its  success  depends  on  constant  voltage,  prompt  renew- 
al of  lamps  and  freedom  from  grounds.  It  is  made  ad- 
justable for  various  loads  by  means  of  taps  on  the 
transformer  and  reactance  coil.  In  some  installations 
the  power-factor  has  been  reduced  to  approximately  50 
percent  which  allows  the  current  to  rise  about  12  per- 
cent above  normal  on  short-circuit  conditions.  While 
this  makes  the  lamps  considerably  safer  than  the  higher 
power-factor  regulator  it  is  obviously  far  from  the  re- 
liability of  the  constant-current  moving  coil  regulator. 

SERIES    FILM    CUTOUT    CO.XNFXTION    WITHOUT   REGUL.\T0R 

This  system  is  a  scheme  used  on  alternating-current 
circuits  only  in  cases  of  emergency  and  where  first  cost 
is  the  main  feature  considered.     It  is  too  unreliable  to 
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risk  with  expensive  lamps  in  any  considerable  number, 
because  of  the  chances  of  a  few  lamps  out  causing  the 
current  to  rise  rapidly  and  injuring  all  the  others,  if  not 
burning  them  out  before  a  fuse  can  act. 

CONCLUSION 

Jn  the  average  series  tungsten  circuit  the  lamps  rep- 
resent approximately  five  percent  of  the  total  invest- 
ment. Obviously,  therefore,  it  is  essential  that  provis- 
ion be  made  against  continual  necessity  for  renewal. 
With  constant  current,  the  maximum  life  of  a  lani])  is 
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assured,  and  accordingly,  that  system  whicli  mii>t 
nearly  accomplishes  it  while  still  remaining  within 
leasonable  limits  of  first  cost  i.-.  tmddubtedly  the  most 
desirable.  Of  the-  s\stenis  descrilied  al]ove  the  mo\- 
ing  coil  regulator  adjusts  itself  to  within  two  ])ercent 
of  normal  current  for  any  load  from  maximum  to 
short-circuit  witliin  three  seconds  under  the  worst 
conditions;  the  adjuster  .socket  .system  affords  protec- 
t-on against  overload  by  ra])idlv  reducing  the  current 
as  lami)s  burn  out.  The  reactance  coil  regulator,  on 
the  other  hand,  affords  the  lamps  very  little  protection 
bevond  that  due  to  tlieir  natural  characteristics. 

'flic  reduction  in  life  of  lam|)  with  ten  percent  out- 
age on  the  system  with  a  reactance  coil  regulator  is  in- 
dicated in  Fig.  14  and  the  effect  of  ten  percent  variation 
in   voltage  on   the  difYerent   sy.stems  is  shown   in    Fig. 
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the  reactance  coil  regulator  and  adjuster  socket  system 
requiring  careful  adjustment  when  the  load  is  changed, 
however,  while  the  moving  coil  regulator  eliminates 
any  trouble  from  this  source.  As  shown  in  Fig.  16,  the 
rioving  coil  regulator  can  be  connected  directly  to  the 
line  by  hand  or  with  a  time  switch  with  but  slightly 
higher  initial  current  rush  than  with  the  reactance  coil 
regulator.  The  difference  is  due  to  the  higher  power- 
factor  of  the  moving  coil  regulator.  This  difference  is 
offset  by  the  greater  quickness  of  the  coil  in  reducing 
this  current  to  normal. 

The  moving  coil  regulator  should  be  started  by  sep- 
arating the  coils,  this  being  much  better  for  the  whole 
system,  ])articularly  as  it  prevents  jars  and  surges  in 
the  lamp  current  and  will  repay  the  additional  care  with 
longer  life  of  the  lamps.  In  any  case  the  overshooting 
of  current  is  less  than  with  the  multiple  Mazda  lamp. 

The  reactance  coil  regulator  and  adjuster  socket 
system  are  best  adapted  to  jjole  mountmg  but  the  su- 
])erior  regulation  of  the  adjuster  socket  system  is  in  its 
favor. 

'fhe  efficiency  of  each  system  is  appro.xnnately  y6 
])ercent,  leaving  little  to  choose  in  this  respect.  The 
power-factors    vary    considerably,    however.      The    ;ij)- 


l-IC.     15 — SKRIKS    CIRCUIT    RKl'.fl..\Tl.Nr.    SYSTEMS 
.\s  affccti-d   In    II)  |iercriit   siuliK'ii   increase   in    |>riniary   voltage. 

15.  Grounds  and  short-circuits  affect  the  .systems  as 
shown  in  Fig.  12,  for  the  severe  condition  of  23  percent 
of  the  lo.id  suddenly  short-circuited.  fhe  mo\ing  coil 
regulator  lirings  the  current  to  a])]>roximately  normal 
in  two  seconds,  while  no  other  system  affords  any  ])rac- 
tical  protection,  l)Ut  depends  on  keeping  the  lines  clear. 
.\nv  of  the  svstems  is  easilv  installed  in  a  station  : 
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Ml,.     16 — C().\II'.\RISOX    or    STARTING    CURRENTS    FOR    VARIOUS    CONDI- 
TIONS  WITH    THE   MOVING  COII.   REGUI..\TOR   AND  THE 
REACTANCE  COII.  REGULATOR 

Al — Moving  coil  reijulator  starting  at  full  load  under  the  most 
severe  conditions  with  coils  together. 

Al — The  same  conditions,  excei)t  with  a  dash  pot  on  the  regu- 
lator. 

./? — The  same  conditions,  except  starting  with  the  coils  latched 
apart  as  recommended. 
B — Reactance  coil  regulator  starting  as  in  normal  operation. 

Note  that  the  low  power-factor  of  the  reactance  coil  regu- 
lator cuts  down  the  initial  current  rush  by  means  of  its  high 
reactance.  The  moving  coil  by  its  (juick  motion  reduces  the 
time  during  which  the  excess  current  affects  the  lamp  and, 
when  proi)erly  started  witli  coils  a|)art.  reduces  tlie  surges  to 
those  made  by  the  over-run  of  the  moving  coil.  The  dash  pot 
equipment  eliminates  the  over-running  without  materialK  re- 
ducing the  sensitiveness  of  the  regulator. 

pro.ximate  power-factor  of  the  moving  coil  regulator  is 

85  iiercent :  of  the  reactance  coil  regulator  80  percent, 

and  of  the  adjuster  socket  system  <)8  jiercent.     The  re- 

.'ictance  coil   rcgnl.itor  depends  on   the  reduced  ])ower- 

factor  aknie  for  its  regulation  and,  in  order  to  make  its 

regtilalion  comparable  to  the  other  .systems,  the  ])0wer- 

factor   must   be   very    much   lower   th;m   80  ])ei"cent,    for 

which  it  is  iisuallv  clesiirned. 


Brunots  Island  Power  Station 

OF  THE  DL'QUESXE  LIGHT  COMPANY,  PITTSBURGH,  PA. 

F.  Uni.EXHAUT,  Jr. 

Chief  Engineer, 

Duquesne  Light  Company 


THE  BRUNOTS  ISLAND  ])o\ver  station  is  the 
])rincipal  generating  station  of  the  Duquesne 
Light  Coni|)any.  Besides  furnishing  the  entire 
electric  service  to  the  City  of  I'ittsburgh,  inchiding 
power  for  the  Pittsburgh  Railways  Company,  it  serves 
the  wliole  of  Allegheny  County  adjacent  to  the  .Vlle- 
gheny,  Monongahela  and  Ohio  Rivers.  The  territory 
covered  embraces  a  population  of  over  i  ooo  ooo  ])eople, 
concentrated  jirincipally  in  the  valleys  along  the  three 
rivers,  in  the  heart  of  the  business  center  of  the  coal  and 
iron  industry,  for  which  Pittsburgh  has  long  been 
famous. 

The  location  of  the  generating  stations  and  sub- 
stations is  shown  in  Fig.  j.  Current  is  generated  at 
1 1  ooo  volts  and 
distributed  at  this 
voltage  in  the  cen- 
tral district.  For 
the  districts  south 
of  P  i  1 1  s  b  urgh 
22  000  volts  is 
used,  being  trans- 
formed to  this 
voltage  at  the 
Tunnel  substation 
and  the  Rankin 
jjower  house.  For 
the  districts  north 
of  Pitts  burgh, 
i.  e.,  Economy  and 

Beaver,  a  66000  volt  transmission  svsteni  is  being  con- 
structed, stepping  uj)  to  the  higher  voltage  beyond  the 
city  limits. 

The  Du(|uesne  Light  Company,  upon  its  reorganiza- 
tion on  its  present  basis,  took  over  the  operation  of  all 
the  power  stations  previously  operated  by  the  Allegheny 
County  Light  Company,  the  Pittsburgh  Railways  Com- 
pany and  the  old  Duquesne  Light  Company.  Some  of 
these  stations  were  small  and  relatively  inefficient.  If 
the  new  scheme  was  to  eftect  the  economies,  which  were 
part  of  the  reorganization  plans,  it  was  plain  that  better, 
more  up-to-date  and  efficient  power  generating  appa- 
ratus must  Ije  installed.  One  plan  involved  the  con- 
struction and  e(iuipment  of  an  entirely  new  power  house. 
This  plan  was  given  up,  however,  in  favor  of  one  involv- 
ing the  reconstruction  and  enlargement  of  the  station  on 
Brunots  Island,  formerly  operated  by  the  Pittsburgh 
Railways  Company.  This  scheme  offered  many  advan- 
tages ;  the  site  was  already  available,  with  plenty  of 
room  for  extensions,  if  necessary,  and  careful  investiga- 
tion  of   the   matter   indicated   that    1)V    usintr   the   then- 
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present  station  Iniilding.  and  the  old  boiler  room,  a  very 
material  saving  in  cost  could  be  effected  over  that  of  a 
complete  new  station.  This  has  been  borne  out  Ijy  the 
actual  cost  figures  to  date,  which  show  that  the  increase 
in  capacity  has  been  secured  for  less  than  40  percent  of 
the  original  installation  cost,  and  for  about  60  percent 
of  the  cost  of  a  complete  new  station. 

The  station  is  now  equipjied  with  the  latest  up-to- 
date  steam  and  electric  generating  a])paratus  and  auxili- 
aries in  large  cajiacitv  units,  thus  making  it  possible  to 
reap  all  the  advantages  in  efficiencies  and  low  power  cost 
from  such  equipment.  The  ]ilaiit  is  located  on  the  up- 
stream end  of  Brunots  Island,  in  the  C)hio  River,  about 
three   miles  below   "The    Point" — the   junction   of   the 

.\  1  1  e  gheny  and 
M  o  n  o  n  g  a  hela 
Rivers  a  n  d  the 
site  of  the  old 
Block  House,  still 
standing,     f  r  o  m 

IB       I  which    the    City 

P       i        _  of  I'ittsburgh  de- 

rives its  n  a  m  e. 
The  site  includes 
the  entire  island 
between  the  front 
and  back  channels 
i]f  the  river  and 
aliove  t  h  e  Ohio 
River  Connecting 
Railroad  l)ri<lge.  in  all  some  fio  acres.  The  general  ar- 
rangement i)f  the  site  in  the  immediate  vicinity  of  the 
station  is  shown  in  Fig.  3.  including  the  relative  location 
of  station  buildings,  coal  dock,  railroad  siding,  etc.  Both 
the  railroad  and  siding  tracks  are  50  feet  above  the  yard 
level,  and  machinery  and  other  materials  for  the  station 
are  lowered  to  the  groimd  by  means  of  a  50-ton  steel 
derrick.  Fuel  is  brought  to  the  plant  normally  by  barges, 
:  nd  is  discharged  by  way  of  a  coal  dock  and  larry  car 
to  the  crusher  house,  frcmi  which  it  is  distributed  to  the 
different  coal  bins  over  the  boilers.  When  the  coal  re- 
ceipts exceed  the  coal  consunqrtion  the  excess  is  put  in 
storage.  Ample  facilities  are  also  available,  when 
needed,  for  bringing  in  coal  by  rail,  in  which  case  it  is 
dumped  from  the  cars  brought  onto  the  jirivate  railroad 
siding,  which  is  alongside  of  the  ( )hio  River  Connecting 
Railroad  bridge. 

^^'ater  for  steam  and  condenser  supply  is  obtained 
from  the  main  channel  of  the  Ohio  River  through  two 
30-foot  diameter  brick  wells,  each  provided  with  six 
5-foot  square  openings  and  sluice  gate  at  three  different 
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levels  so  arranged,  on  account  of  the  great  variation  of 
water  level  between  low  water  and  flood  stage  of  the 
river,  that  the  water  may  be  taken  into  the  wells  through 
the  openings  nearest  the  water  surface,  and  the  amount 
of  silt  taken  into  the  wells  will  be  a  minimum.  The 
water  then  passes  through  a  double  set  of  vertical 
screens  in  the  center  of  the  walls  to  an  8-foot  intake 
tunnel,  shown  in  Fig.  5,  to  the  power  station,  and  runs 
the  full  length  of  the  station  under  the  basement  floor. 
The  condenser  suctions  for  the  different  units  are  con- 
nected to  this  tunnel,  and  the  water,  after  passing 
through  the  condensers,  is  discharged  into  a  5-foot  over- 
flow tunnel,  running  parallel  to,  and  over  the  intake  tun- 
nel, and  discharging  into  the  river  at  a  point  142  feet 
below  the  intake  wells.  At  a  point  above  the  wells  a  30- 
inch  pipe,  provided  with  a  gate  valve,  is  taken  off  the 


used  for  distributing  coal  to  the  crusher  house  or 
storage  pile.  The  crusher  house,  it  will  be  noted 
from  Figs.  3  and  4,  is  conveniently  located  at  the 
west  end  of  the  original  boiler  room,  and  is  connected 
by  a  chute  with  the  railroad  siding ;  all  rail  coal  is 
unloaded  through  the  chute  passing  over  a  horizontal 
belt  conveyor,  running  from  the  foot  of  the  chute  to 
the  hopper  vmder  the  coal  track  in  the  crusher  house, 
and  provided  with  a  weightometer,  which  automatically 
weighs  and  records  the  coal  passing  over  it.  All  rail 
coal  is  used  in  the  boilers,  none  of  it  being  put  into 
stock.  The  river  coal  taken  from  the  barges  is  weighed 
automatically  on  track  scales  at  the  coal  hoist  when  the 
larrv  car  is  loaded,  that  part  of  the  coal  going  to  the 
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overflow  tunnel  to  allow  of  the  discharge  of  warm  con- 
denser water  above  the  wells  to  prevent  ice  from  form- 
ing in  front  of  the  wells  and  closing  up  the  openings  to 
the  river. 

Steam  is  generated  at  200  lbs.  pressure,  superheated 
125  degrees  F. ;  all  boilers  are  equipped  with  automatic 
stokers  and  forced  draught  is  available  in  the  new  boiler 
room.  Power  is  generated  directly  at  1 1  000  volts,  three- 
phase,  60  cycles,  and  transmitted  without  voltage  trans- 
formation, by  way  of  submarine  and  underground  ca])le. 
to  the  various  substations. 

FUEL  AND  ASH    IIANDLIXG 

The  fuel  dock  is  provided  with  an  electricall_\-o])er- 
ated  coal  hoist  of  200  tons  hourly  capacity  and  a  four- 
ton  grab  bucket,  for  removing  coal  from  the  barges 
to  the  larry  car,   which  is   of    14-ton   capacity,  and   is 
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boiler  room  being  weighed  again  automatically  on  a 
track  scale  in  the  crusher  house.  The  difference  between 
the  weights  at  the  coal  dock  and  crusher  house  is  the 
weight  of  the  coal  put  into  storage.  All  coal  going  to  the 
boiler  house  is  dumped  into  a  hopper  under  the  coal 
track  in  the  crusher  house,  going  from  there  through  the 
crusher,  if  it  is  run-of-mine  coal,  to  elevators  which  lift 
it  to  a  belt  conveyor,  running  the  length  of  the  old  boiler 
room.  Slack  coal  by-passes  the  crusher,  going  directly 
from  track  hoppers  to  elevators.  Automatic  dumping 
apparatus  is  provided  which  can  be  set  to  discharge  into 
any  point  of  the  boiler  room  coal  bunkers  or  into  the 
cross  conveyor  leading  into  the  new  boiler  room.  Each 
of  the  coal  bunkers  has  a  capacity  of  over  60  hours 
normal  running. 
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Jii  the  st()raf,'e  yard  an  (.-k-ctric  locoiiiotixc  crane  of 
200  tons  hourly  capacity  is  used  for  stocking  and  re- 
claiming the  coal  from  the  trench  which  the  crane  spans 
and  into  which  the  coal  is  dumped  from  the  larry  car. 
'Jhis  storage  yard  can  he  made,  if  necessary,  of  sufficient 
capacity,  to  run  the  plant  for  a  period  of  nine  months, 
thus  amply  insuring  an  a(lec[uate  coal  supply,  and  ofifers 
opportunity  to  take  advantage  of  low  market  jjrices  of 
fuel  and  to  tide  over  ]ieriods  of  possible  coal  strikes. 

.\shcs  are  removed  by  means  of  ash  car  and  skip  to 
the  ash  bins  outside  the  Ijoiler  room,  from  which  they 
are  taken  to  tlie  dump  in  larry  cars.  Sufficient  dumping 
space  is  availal)lc  to  last  for  many  years  to  come. 

BOir.ER    ROO.M 

Tin-  boiler  riiimi  is  dixided  into  the  old  plant  and  the 
new  ])lant,  the  old  plant  being  retained  in  order  to  facili- 
tate the  maintaining  of  service  from  the  station  through 
the  reconstruction  period  and  to  be  used  as  a  .standby  or 
spare  in  the  future,  and  also  because  it  was  cheaper  to 
leave  it  in  its  present  condition  than  to  remove  it  and 
l)uil<l  a  new  boiler  house  in  its  place.  The  old  ]ilant  con- 
tains twenty  500  horse-power  Babcock  &  Wilcox  water 
tube  boilers,  etjuipped  with  Murphy  stokers,  and  ten  600 
horse-])Ower  Babcock  iS;  \\'ilco.\  water  tube  boilers. 
c(|uip])ed  with  Roney  stokers. 

The  new  lioiler  plant  shown  in  Figs.  6  and  7  (which  it 
is  intended  to  rxleiid  lo  take  care  of  the  ultimate  gener- 
ating capacity  of  the  station),  contains  twenty  822  horse- 
jiower  !-^tirling  water  tube  boilers,  equipped  with  Green 
chain  grate  stokers.  The  boilers  are  arranged  in  rows  of 
live,  back  to  back.  The  middle  two  rows  are  served  by 
,1  stack  which  is  supported  on  a  steel  structure  above  the 
boilers  ;  the  row  on  the  east  end  by  a  stack  of  smaller 
diameter :  and  that  on  the  west  end  liy  a  stack  which  has 
sufficient  cajjacity  for  five  future  l)oilers.  The  stacks  are 
built  of  radial  brick,  the  larger  one  208  feet  high  and  18 
feet  inside  diaiiieler  ;il  the  lop,  Kj.5  feet  inside  diaiucter 
at  the  bottom,  and  it  is  interesting  to  note  that  they  were 
inirchased  erected  for  considerably  less  than  the  etjuiva- 
Kiit  steel  stacks  with  which  liie  old  boiler  house  was 
eiiuijiped  could  have  been  purchased.  These  stacks, 
under  ordinary  conditions,  provide  sufficient  draught  to 
take  care  of  tiie  normal  load  without  the  operation  of 
the  blowers. 

The  stokers  lor  each  row  of  live  boilers  are  oper- 
ated from  one  line  shaft  provided  with  engine  and  motor 
drives  at  o]3])osite  ends  of  the  shaft :  engine  and  motor 
being  set  on  a  platform  above  the  floor  in  the  aisles  be- 
tween the  boilers.  .\ny  number  of  stokers  can  be  dis- 
connected from  the  driving  shaft  at  any  time,  such  as 
when  the  boiler  is  off  for  repairs,  or  any  other  reason. 
A  speed  variation  of  30  to  fio  r.p.m.  is  obtainal)le  on  the 
line  shaft.  Over  each  stoker  is  a  spreader  pipe  from  the 
coal  bunker,  at  the  upper  end  of  which  is  an  automatic 
100-lb.  dumping  and  recording  coal  scale.  The  forced 
draught  is  obtained  from  a  j^ressure  chamber  into  which 
the  blowers  discharge,  and  from  which  trap  doors  ])ro- 
vide  entrance  for  the  air  into  a  chamber  underneath  the 
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stokers,  'lliis  chamber  underneath  the  stoker  is  also  room  operation  in  such  a  way  as  to  make  readily  avail- 
used  as  a  collector  for  the  unburned  coal  which  drops  able  at  any  time  complete  information  on  its  perform- 
through  the  stokers,  and  is  thus  recovered  for  use  in-  ance.  It  will  be  noted  from  Fig.  4  that  the  arrangement 
stead   of   falling   into   the   ashes  and   being  lost.     The  of  connection  to  the  steam  headers  makes  possible  the 
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boiler  structure  is  also  arrangeil  so  that  the  soot  from 
the  cleaning  of  the  boiler  falls  into  the  ash  pit  and  is 
removed  in  the  same  manner  as  the  ashes,  instead  of 
having  to  be  shoveled  out  from  a  more  or  less  inaccessi- 
ble soot  door. 

The  steam  and  water  circulating  systems  are  best 
described  by  reference  to  Fig.  4.  The  make-up  water  is 
taken  from  the  overflow  tunnel  and  is  jjumped  acros- 
the  engine  and  boiler  rooms  to  the  water  conditioniiv^' 
apparatus.  After  the  water  has  passed  through  tlv,- 
filters  and  reaction  tanks  it  goes  to  a  go  000-gallon  clear 
well  under  the  tanks,  from  which  it  is  pumped  by  either 
of  two  500-gallon  turbine-driven  centrifugal  pvmips  to 
the  stand  tank.  The  water  then  passes  through  a  Lea  \  - 
Xotch  recording  meter  to  Hoppes  heaters.  The  conden- 
sate from  the  hot  wells  of  the  condensers  of  each  15  30  ) 
kw  unit  is  pumped  through  the  boiler  room  and  passes 
through  Lea  V-Notch  meters  above  the  heaters,  one 
meter  for  each  unit,  into  the  heaters.  The  boiler  feed 
pump  equipment  consists  of  two  2  000-gallon  turbine- 
driven  pumps  and  three  700-gallon  plunger  pum]«. 
There  are  two  12-inch  feed  lines,  e(iuipped  with  \'enturi 
meters,  going  to  the  new  boiler  room,  and  two  14-inch 
lines,  with  Venturi  meters,  going  to  the  old  boiler  room. 
The  outlet  of  each  boiler  is  provided  with  a  G.  E.  flow 
meter.  Thus  there  is  provided,  in  connection  with  the 
automatic  weighers,  which  will  also  be  checked  by  the 
v\-eigher  at  the  crusher,  a  complete  recording  of  l)oilei- 


operation  of  boilers  and  one  turbo-generator  on  the  unit 
plan — that  is.  with  each  turbo-generator  and  its  set  of 
!:oilers  cut  oft"  from  the  remaining  set. 

In  designing  the  piping  system  particular  pains  were 
taken  to  make  all  lines  as  flexible  as  possible  by  the  use 


I-IC.   7 — I.VTERIOR   OF    NEW    nolLKR    ROOM 

()[  bends.  Fittings,  such  as  tees,  elbows  and  wyes,  were 
eliminated,  using  instead  pijje  bends  and  welded  necks, 
and  as  few  joints  as  possible  were  used  by  welding  to- 
gether two  or  more  lengths  of  pipe.  Steam  lines  were 
made  ol  steel  i)ipe,  low  pressure  and  water  lines  of 
wrought  iron  jiipe.  and  boiler  feed  and  lilow-otT  lines  of 
cast-iron  pi])e.     For  identification   purjioses  the  piping 


246 


THE     ELECTRIC     JUCRXAI. 


thi-ouyhoul  tliu  plant  is  painted  diftcrcnt  colors — red  for  hand-operated   valve  has  Ijeen   furnished  on  these  tur- 

high-pressure  steam,  lead  color  for  low-pressure  steatu,  hines  to  allow  emergency  operation  up  to  18000  kw  for 

etc.     The  new  boilers  are  equipped  with   Vulcan  soot  short  periods. 

blowers    and    individual    differential    draught    gauges.  The    condensers    are    \\  iirthingt(in-ilu])lex,    surface 

Pyrometers  are  i)rovided  for  recording  boiler,  tluc  and  type,    served   by   two   circulating   pumps,   each   of    suf- 
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Steam  temperatures;  also  recording  instruments  are  pro- 
vided   for  taking   forced   dr.-uiglit   and   steam   pressures. 


GI-:\i:UATl\C.    KOO.M 


The  generating  room  is  laid  out  to  contain  ultimately 


ficient  capacity  to  operate  the  entire  condenser — that  is, 
one  turbine  if  necessary,  though  with  slightly  impaired 
vacuum. 

Air   Coiiditidiiiiu/ — The  generators   are   cooled   by 
forced  air  brought  in  at  the  bottom  of  the  machines,  and 


(1  r  a  w  n  mto  a 
blower  room  lo- 
cated alongside  of 


ten  15  300  kilowatt  turbo-generator  units,  such  as  shown  discharged  into  the  generating  room  at  the  top  of  the 
in  Fig.  8,  with  the  necessary  auxiliaries.  Four  of  these,  machine.  To  take  care  of  the  proper  conditioning  of  the 
Nos.  I,  2,  6  and  7,  are  now  installed.  The  remainder  of  air  a  washer  has  been  ])rovided.  through  which  all  the 
the     generating  cooling     air     is 

in  Fig.  9  is         ^HpH|B9B^HBHBEPppvW''''°^   ''  '1. 

engine-type  g  c  n-     |^^  ,_lj_i_l  1  1  1   i  .m^^m.  _  ,., 

craters  and  small     ^^^^g^J|S^^^M3ZR|nB|[RI0  mH  ''''^  operating  gal- 

turbo  -  ^^^^^HS^^HI^BKBSSlTn^  ^1  ,  E;  1^1  °"  ^'^^ 

I^^^^^H^^HB^^HKgHK^S^^^MI^H^^^lB^vl  room 

the    Pittsburgh     [^^ffBH^BBByr^^^^^W^  l^^^BS^^^^^^^^^^^I     "'1^' ''^o^^'^r  is  pro- 

Railways    Com-     |^^B^9^Enfl|M'^<i^*-^\  ^^^^^^^\  ^^^^^1  each 

house,  and  will  be  ^^^^P^I^S  Plfy                       t             ^pI^H    1  ^^^^H  it  is  probable  that 

removed  to  give  H^^  wllJl?  ^  4^  !  1  flL^^B  i  ^^^B  i" ''n- ultimate  de- 
place  to  the  larger  W  ^.'^M  *M-  9L  ~  ^  imSf/t^  -^i^H  ^  ^''"l""^'"t  larger 
machines  as  fast  K  ^Bf^^^rr  *^^wl  ^'^^  ^^1  ""*■'*  "'  ^"fi^*^'*-'"^ 
as  the  increase  in  Wf                     -.^  AS^^g*a^h.^^»i^-**jH               ^  ^^^H  ^"'P^*'^''^.^'    ^"    ^"ool 

tion  demands  it.         B  -^  '^^HSHiOn^        ift-    iflSklVi.     vH^H     chines  will  be  in- 

The  turbo-gen-  fig.  y-CENKu.M'iNv,  room  .  stalled.      Each 

erator   units   are  l)l(iwer.    which    is 

W'estinghouse  15  300  kw.  85  jiercent  power-factor,  max-  a  Xo.  7  .American  Sirocco,  is  driven  by  a  100  horse- 
inium  rated,  three-phase,  60  cycles,  12000  volts,  1800  power  W'estinghouse  luotor,  operating  from  the  three- 
r.p.m.  machines.  The  turbines  are  of  the  W'estinghouse-  phase,  440-volt,  station  power  service.  The  blowers 
Parsons  double-flow  combination  impulse  and  reaction  discharge  into  a  common  compression  chamber,  w-hich 
type,  designed  for  operation  on  185  lbs.  steam  pressure,  extends  along  the  north  side  of  the  generating  room 
120  degrees  F.  stiperheat,  28.5  in.  vacuum.     A  special     beneath    the    switch-house,    leads    to    the    individual 
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generators  being  brought  out  from  this  connnon  cham- 
ber, which  is  maintained  under  a  pressure  of  about  2.3 
ounces.  The  flow  to  the  individual  generators  is  con- 
trolled by  a  damper  in  the  inlet  ducts.  By  means  of  this 
damper,  and  a  temperature  indicator,  only  sufficient 
cooling  air  is  used  to  keep  the  machine  within  safe 
working  temperature,  the  amount  of  air  required 
being  determined  by  the  temperature  of  the  cooling 
air   and   the   load   on   the   machine.      The   air    washer. 


FIG.    10 — .MR    IXTAKE.    SHOWING    W.^SHER 

shown  in  Fig.  10,  with  a  capacity  of  240  000  cubic  feet 
of  air  per  minute,  furnished  by  the  Spray  Engineer- 
ing Company,  consists  of  a  row  of  vertical  pipes,  to 
which  are  attached  spray  nozzles  directed  horizontally 
in  the  direction  of  flow  of  the  air  against  a  fine  mesh 
circular  screen,  one  for  each  nozzle,  which  serves  to 
break  up  the  water  into  fine  particles,  and  insure  an  even 
distribution  over  the  opening,  which  is  about  15  by  19 
feet.  Between  the  spray  nozzles  and  the  fan  room  the 
air  passes  through  a  labyrinth  of  eliminator  plates  set 
vertically  across  one  end  of  the  blower  room.  These 
serve  to  remove  the  free  moisture  from  the  air.  The 
water  drains  into  a  tank,  from  which  it  is  again  drawn 
by  a  motor-driven  circulating  pump,  which  supplies  the 
spray  nozzles.  The  washing  of  the  air,  in  addition  to 
removing  the  dirt,  has  a  cooling  eft'ect,  which  is  of  con- 
siderable value  in  the  warm  summer  months.  In  cold 
weather  warm  air  from  the  generating  room  is  mixed 
with  the  outside  air  to  jirevent  freezing  in  the  washers.  It 
is  also  necessary  to  make  use  of  steam  in  the  water  tanks 
to  keep  the  temperature  of  the  water  above  freezing. 

The  present  equipment,  which  is  sufficient  for  four 
machines,  occupies  a  space,  including  the  blower  room. 
15  ft.  wide,  80  ft.  long  and  i8j4  ft.  high.  When  the 
remainder  of  the  generators  are  installed,  a  duplicate 
equipment  will  be  similarly  placed  along  the  other  half 
of  the  north  wall  of  the  station,  so  both  will  take  air 
from  the  common  area  way  between  the  generator  room 
and  switch-house,  which  latter  will  be  extended  west,  as 
the  station  capacity  grows.  The  equipment  is  simple 
and  inexpensive  to  operate,  the  only  attention  required 
being  to  see  that  there  is  sufficient  water  and  that  the 
pump  motor  is  running. 


Pozcer  for  Auxiliaries — The  power  required  for  the 
operation  of  the  auxiliaries  is  mostly  electric,  500  volts 
direct  current  and  440  volts,  three-phase  alternating  cur- 
rent being  used.  The  direct  current  is  limited  to  the 
locomotive  crane,  coal  dock  and  larry  car  equipment,  a 
connected  load  of  approximately  800  hp,  while  the  alter- 
nating current  serves  all  the  motors,  such  as  coal  con- 
veyors, blower  valves,  motor-generator  sets,  etc..  a  con- 
nected load  of  approximately  i  500  hp.  The  station 
lighting  of  approximately  100  kw  is  fed  from  110-220 
volt  alternating  current,  with  the  switch!  loard  arranged 
sc  that  the  entire  service  is  transferred  automaticalK-  to 
the  storage  batteries  in  case  of  failure  of  the  alternating- 
current  supply.  This  gives  an  emergency  service  on  all 
lights  of  90-180  volts  direct  current.  By  using  tungsten 
lamps  emergency  illumination  on  this  voltage  is  very  sat- 
isfactory. 

Excitation — The  main  excitation  for  the  plant  is 
obtained  from  one  250  kw  W'estinghouse  motor-driven, 
two  150  kw  steam  turbine-driven  Westinghouse  exciters 
and  one  150  kw  steam  turbine-driven  General  Electric 
exciter.  In  order  to  insure  constant  excitation,  a  storage 
battery  of  90  cells.  10  of  which  are  end  cells,  of  Electric 
.Storage  Battery  Exide  accumulators,  having  a  capacity 
of  1750  amperes  for  30  minutes,  was  installed.  This  bat- 
tery floats  on  the  bus  with  the  exciter  generators.  Regu- 
lation of  voltage  in  the  main  generators  is  secured  by 
means  of  a  Tirrill  regulator.  This  regulator  is  con- 
nected to  the  field  of  the  small  motor-driven  exciter, 
which  furnishes  excitation  to  a  motor-driven  booster  in 
series  with  the  exciter  bus,  which  booster,  by  bucking 
or   lioosting  the   exciter   voltage   automatically,  by   the 
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action  of  the  Tirrill  regulator,  provides  the  varying  volt- 
ages required  on  the  generator  field.  The  regulated  bus 
is  maintained  at  approximately  170  volts,  which  is  about 
ten  volts  above  the  voltage  required  by  the  generator 
fields,  thereby  eliminating  a  great  part  of  the  ordinary 
losses  of  the  field  rheostat.  To  charge  the  batteries  the 
voltage  of  the  exciter  unit  is  raised  and  the  field  taken 
care  of  by  the  series  booster.  The  equipment  provided 
to  take  care  of  this  consists  of  two  1750  ampere,  motor- 
driven,  separately  excited  boosters,  and  two  16.5  kw 
motor-driven  booster  exciters. 

COXTROL    ROOM 

The  control   room  is  located  at  the  middle  of  the 
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north  side  of  the  station,  half  of  it  projectini^  out  int(j 
the  generatinj^  room,  as  shown  in  Fig.  4.  The  gener- 
ators and  the  bus  tie  switches  are  controlled  from  a 
bench  board  set  along  the  side  of  the  control  gallerv 
next  to  the  generating  room.  The  board  is  laid  out  so 
that  the  control  switches  and  miniature  bus  are  in  the 
same  ])hvsical  relation  to  each  other  as  the  apparatus 


ST.\TIO.\    SU;N".\I.IN(j 

The  (iperator's  desk  is  provided  with  a  "O.  P."  sig- 
naling system  which  enables  him  to  indicate,  on  an  illu- 
minated sign  in  the  generating  room,  information  he 
wishes  to  convey  to  the  ojierator  in  charge,  such  as 
instructions  to  start  or  slop  a  machine  at  a  given  time, 
wanted  at  the  telephone,  etc..  Fig.  i  J,  which  sign  is  wired 


controlled.      Tlic   attcndaiU,   when   operating   the   desk,      >o  that  it  duplicates  in   front  of  the  switchboard  oper- 
faces  the  generating  room.    A  miniature  bus  is  laid  out      ator  instructions  on  the  sign  in  the  generating  room.    A 

similarly   operated   load   bul- 


on  the  board  in  such  a  way  that  the  order 
of  panels  from  left  to  right  is  the  same 
as  the  circuit  breakers  in  the  switch- 
house  behind  the  control  room. 

The  exciters  are  cuntrdlleil  I  rum  tile 
control  desk  at  the  right  of  the  generator 
control  desk.  The  switches,  which  are 
sdlcnoid-operateil.  are  located  un  the 
panels,  which  also  support  the  bus,  di- 
rectly below  the  control  room.  All  ex- 
citers and  held  circuits  are  made  doul.ile 
thrown  between  the  two  exciter  boards 
located  in  ditterent  rooms,  so  that  it  will 
be  possible  to  entireU'  deiuolish  one  ex- 
citer board  without  .-irfecling  the  other 
boar 

The    feeder    switches    are    contro 
from  a  3i-])anel  board,  which   forms  an 
arc  of  a  circle  on  the  o])])osite  side  of  the 
control  room  from  the  irenerator  control 


^ 


lelin  is  placed  in  the  boiler 
room  to  indicate  the  loa<l 
in  thousands  of  kilowatts, 
thus  giving  the  o])erator  in 
charsre    of    the    boiler    room 
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desk  ,ind  exciter  control  desk,  as  shown  in  Fig.  11.     .\t  knowedge  at  all  times  of  the  projjcr  load  to  take  care  of. 

the  left    (  f.icing  the  board)   of  the   feeder  switchboard  By  the  use  of  these  illuminated  signs  all  attendants 

are  small  panels  carrying  the  control  switches  for  the  are  familiar  with  the  instructions  given,  thus  eliminating 

station  power  service.      The  dominating  idea  in  laving  the  possibility  of  misunderstanding  of  telephone  instruc- 

out  the  control  room,  it  will  be  noticed,  was  to  simplify  tions.     This  system  of  signaling  is  in  addition  to  the 

the  arrangement  and  make  it  conform,  as  nearly  as  pos-  standard  signals  between  individual  machines  and  the 

sible,  to  that  of  the  ai)i>aratus  it  controlled,  thus  reducing  switchboard  operator.    The  switching  equijjment,  where 

to  a  mininuun  the  details  of  locating  apjiaratus  which  not  otherwise  mentioned,  was  furnished  by  the  W'esting- 

the  switchboard  operator  has  to  remember.  bouse  Flectric  &  Mfg.  Company. 
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SWITCH-HOUSE  With  the  large  increase  in  the  capacity  of  the  plant. 

In   arranging-   the   switch-house,   a    section    through  -'""l  consequent  increase  in  the  numher  and  capacity  of 

which   is    shown   in    Fig.    12,   it    was   advisable   to   use  ''i*-'  consumers  served  hy  llie  plant,  it  became  necessary 

the  old  building  as   far  as  possible,  and  this  has  been  lo  consider  very  carefully  a  scheiue  of  protection  to  the 

done  with  the  necessary  additions  to  take  care  of  the  generated  voltage,  which  would  insure,  as  far  as  possi- 

increased  capacity.     Before  the  larger  generators  were  ''le,    against    interruptions    from    short-circuits    in    the 

installed    some    trouble    was    experienced    from    short-  cables  leading  to  the  various  substations,  and  further,  to 

circuits  in  the  cables  leading  to  the  numerous  substa-  insure  against  the  loss  of  voltage  on  the  generator  bus- 

tions.     These  coming  directly  into  the  station,  without  '''"'^  "hich  meant  the  falling  out  of  step  of  the  synchron- 


any  transformers  to  act  as  a  btifi'er,  made  serious  dis- 
turbances. Such  being  the  case,  it  was  realized  that 
some  means  nuist  be  provided  for  reducing  these  dis- 


3g-n- 
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Uu-bances  to  a  minimum,  and,  at  the  same  time,  put  the 
minimum  strain  on  the  switching  ei|uipment,  which  will 
ultimately  have  from  100  000  to  150000  kw  in  gener- 
ating cajiacity  behind  it,  whicli,  under  short-circuit  con- 
ditions, could  send  an  enormous  current  into  the  injured 


ous  apparatus  on  the  svstem. 

Bus  Scctioualizinij  and  Reactance  Coils — It  was  ap- 
parent that  the  use  of  reactance  coils  in  the  feeder  cir- 
cuits would  limit  the  luininumi 
voltage  on  the  bus-bars  to  an 
amount  equal  to  the  drop  in  volt- 
age of  the  feeder  reactance  coils, 
at  the  same  time  limiting  the  cur- 
rent rush  to  a  value  which  would 
])Ut  materially  less  stress  on  the 
switching  e(|uipment  and  gener- 
ator windings.  I  lowever,  such 
an  arrangement  of  reactance 
coils  would  give  no  protection 
against  short-circuits  on  the  gen- 
erator bus  system  or  generator 
cable  lea<ls  between  generator 
terminals  and  li  u  s  structure. 
.\fter  an  exhaustive  studv  of  the 
conditions  invcjKeil,  the  arrange- 
ment shown  in  Fig.  15  was 
adopted.  By  the  installation  of 
reactance  coils  between  bus  sec- 
tions, limiting  the  flow  of  current 
into  an  attecled  section,  the  volt- 
age of  the  unattecteil  sections 
is  maintained  at  a  point  which 
will  guarantee  t  h  e  successful 
operation  of  synchronous  appa- 
ratus. If  the  fault  is  outside  the 
feeder  reactance,  there  is  strong 
p(jssibility  that  even  the  svn- 
chronous  apparatus  on  the  re- 
maining feeders  connected  to  the 
same  bus  sections  will  not  drop 
out  of  ste[). 

It  was  found  that  the  react- 
ance coils  for  the  bus  sectionaliz- 
ing,  if  sufficiently  large  to  give 
adei|u;ite  protection  to  the  sec- 
tions adjacent  to  the  short-cir- 
cuited sections,  would  ha\e  sufficient  drop  thidugh  them, 
lor  the  normal  current  which  might  circulate  through 
different  sections  of  the  bus,  to  cause  a  difference  of  volt- 
age on  .such  adjacent  sections  as  to  be  undesirable  from 
an  operating  .standpoint.    To  meet  tins  objection,  the  re- 


mm' 


cables.     I'.ven  if  it  were  possiljle  to  use  a  circuit  breaker  actance  coils  are  short-circuited  by  a  circuit  breaker  set 

cai)al)le  ot  opening  such  a  short-circuit  the  disturbance  for  instantaneous  o])cration,  this  circuit  breaker  beiu'f 

resulting  from  the  sudden  interruption  of  such  ;i  large  guaranteed  to  o])en  in  less  time  than  that  in  which  svn- 

Timonnt  of  power  would  be  undesirable,  to  say  the  least.  chron(]Us  apparatus  would  di-op  oiu  of  ste[).     The  addi- 
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tional  non-automatic  circuit  breaker  permits  cutting  oH 
the  affected  section  in  case  the  short-circuit  persists, 
under  current  and  voltage  conditions  easily  handled  by 
the  switching  equipment  and  with  a  minimum  amount  of 
disturbance  to  the  adjacent  sections  of  the  bus-bars. 
The  above  arrangement  does  not,  of  course,  eliminate 
disturbance  of  the  feeders  attached  to  the  sections  of  the 
bus  affected,  Ijut  l)y  dividing  the  load,  as  nearly  as  pos- 


l\tic  lightning  arrester  is  connected  to  each  section  of 
the  bus  as  protection  against  voltage  surges. 

The  switching  equipment  as  installed  at  present 
handles  six  generators  and  twenty-seven  feeders,  and  is 
installed  in  the  switch-house  north  of  the  generating 
station.  This  is  the  same  section  of  the  house  and  bus 
structure  as  was  used  in  the  old  installation,  the  react- 
ance coils  being  added  in  the  basement  and  the  bus  sec- 
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-ff.Edkr  and  choke  coils,  showing  asbestos  board 
compartments 


sible,  equally  between  the  different  bus  sections,  and 
connecting  parallel  feeders  to  the  different  sections,  the 
efi'ect  of  the  trouble  is  limited  to  a  small  portion  of  the 
system. 

In  order  to  isolate  the  bus  section  from  a  possible 
fault  in  the  cables  between  the  generators  and  bus-bars, 
the  generator  circuit  breaker  is  niatle  automatic  for  a 
difference  in  current  through  series  transformers  lo- 
cated at  each  end  of  the  cable  and  differentially  con- 
nected through  the  trip  coils  of  the  circuit  breaker.  It 
is  appreciated  that  the  above  scheme,  in  case  of  short- 
circuits  on  the  bus-bars,  offers  no  pro- 
tection to  the  generators  connected  to 
that  particular  side  of  the  bus,  but  as 
the  generators  are  constructed  to  with- 
stand such  short-circuits  without  in- 
jury to  the  windings  reactance  coils  in 
the  generator  leads  were  not  thought 
necessary.  It  will  be  noted  that  a 
double  bus  is  provided,  generators  and 
feeders  being  provided  with  circuit 
breakers  for  connection  either  to  the 
through-bus  or  to  the  individual  sec- 
tionalized-bus.  Under  normal  oper- 
ating conditions,  the  generators  and 
feeders  are  connected  to  the  section- 
alized-bus,  which,   with   the   through- 


llu.    14 — BUS    STRUCTURE,    SHOWING    WKSTI.N'GHOUSE    BUS-TIE 
REACTANCE  COIL 

tionalizing  switches,  bus  reactance  and  bus  tie  on  the  sec- 
ond floor.  The  generator  and  feeder  circuit  breakers  are 
installed  on  the  main  floor  in  a  double  row  of  reinforced 
concrete  structure,  and  the  double  bus-bar  is  installed 
on  the  second  floor  immediately  over  this  structure,  with 
the  bus  sectionalizing  circuit  breakers  above  the  main 
bus,  so  that  the  connections  to  them  are  as  short  as  pos- 
sible. 

In  order  to  reduce  the  fire  hazard  to  a  miniinuiii 
amount  the  switch-house  was  divided  into  four  sections 
by  fireproof  walls  from  the  basement  to  the  roof,  thus 
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bus,  forms  a  ring.  In  case  of  trouble 
to  any  section  the  circuits  arc  thrown  to  the  through-bus 
and  the  ring  opens,  the  through-bus  then  becoming  a 
section,  replacing  the  one  in  trouble.  A  single-line  dia- 
gram of  the  electrical  equipment  is  shown  in  Fig.  15. 

Inasmuch  as  the  feeders  from  the  station  leave  en- 
tirely by  submarine  c.ible  no  lightning  protective  appa- 
ratus is  required,  but  a  three-phase,  11  000  volt,  electro- 


I-IG.   15 — SINGLE  LINE  DIAGRAM   OF  GENERATOR  AND   FEEDER  CIRCUITS 


preventing  the  possibility  of  the  spreading  of  fire.  The 
bus-bars  and  connecting  straps  are  enclosed  by  fire- 
proof doors,  constructed  of  asbestos  lumber. 

The  sub-station  for  stepping  u])  from  1 1  000  to 
66000  volts  for  transmission  is  located  beyond  the  city 
limits,  and  consists  of  two  banks  of  three  5000  k.v.a.  oil- 
insulated,  self-cooled  transformers  connected  delta   on 
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the  low  tension  to  star  on  tlie  high  tension.  Mach  bank 
with  its  transmission  line  is  connected  directly  to  and 
controlled  from  a  panel  on  the  11  000  volt  switchboard, 
the  only  66  000  volt  apparatus  other  than  the  trans- 
formers being  disconnecting  switches  and  lightning 
arresters. 

OPERATION 

Since  the  installation  of  the  feeder  reactance  coils, 
their  efifectiveness  has  been  demonstrated  in  two  in- 
stances of  severe  short-circuits  in  feeder  cables  close  to 
the  power  house.  In  one  instance  no  synchronous  appa- 
ratus dropped  out,  and  in  the  other  only  one  machine 
dropped  out.  Considering  the  fact  that  the  feeders  were 
connected  to  the  through-bus  at  the  time,  thus  elim- 
inating any  chance  of  effect  from  the  bus  tie  reactances, 
the  results  thus  far  bear  out  very  well  the  expectations 
of  the  scheme  of  protection  adopted. 

The  Brunots  Island  plant,  in  spite  of  the  reconstnic- 
tion  work  going  on  during  1914,  carried  its  share  of  the 
system  load  and  even  took  care  of  a  fair  increase,  the 
average  daily  output  amounting  to  340  000  kw-hr.  in 
1914,  as  compared  to  296000  kw-hr.  in  1913,  or  a  total 
increase  for  the  year  of  16000000  kw-hr.  During  the 
year  the  East  End  plant,  with  an  annual  output  of 
I  700  000  kw-hr.  was  shut  down.  Other  plants  to  be 
shut  down  and  the  additional  demand  put  on  Brunots 
Island  as  a  result  will  be : — 

Manchester   15000000  k\v-lir. 

Glenwood    20000000  kw-hr. 

South   Side  i  200  000  kw-hr. 

In  connection  with  the  maximum  hourly  peak,  which 
shows  no  very  marked  variation  from  month  to  month. 


It  is  mteresting  to  note  that  the  swings  in  load  are  ten 
percent  in  excess  of  the  integrated  hourly  readings.  This 
fact  illustrates  the  necessity  for  automatic  voltage  regu- 
lation which  is  not  required  in  some  other  large  systems 
having  a  more  even  load. 

In  Fig.  16  are  shown  the  load  curves  for  1914,  which, 
in  view  of  the  falling  off  in  load   from  industrial  re- 
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trenchment  and  the  uncertainties  incident  to  the  recon- 
struction work  going  on,  show  clearly  by  the  gradual 
increase  in  load  the  use  to  which  the  new  apparatus  has 
been  put. 


Recent  Incandescent  Lamp  Developments 


E.  J.  Daii.ev,  Jr. 


THE  new  non-vacuum  incandescent  lamp  at  jiresent 
is  being  rapidly  developed.  It  now  operates  at 
about  100  percent  greater  efficiency  than  the  best 
incandescent  lamp  previously  used,  which  indicates  the 
remarkable  developments  which  have  taken  place  during 
the  past  year.  The  non-vacuum  Mazda  lamp  is  cata- 
logued and  sold  under  the  name  "Mazda  C."  It  dift'ers 
from  the  ordinary  tungsten  lamp  in  many  ways,  such  as 
the  size  of  bulb  for  a  given  candle-power,  the  medium 
in  which  the  filament  burns  and  the  shape  and  arrange- 
ment of  the  filament.  To  these  differences  in  construc- 
tion can  be  attributed  the  many  advantages  it  has  in 
such  points  as  light  distribution,  color  of  light  and  effici- 
ency. It  is  made  in  bulbs  of  less  than  one-half  the  dis- 
placement of  .the  evacuated  lamp  bulbs  for  the  same 
wattage,  and  for  types  made  in  bulbs  of  equal  volume, 
these  lamps  will  give,  roughly,  from  five  to  ten  times 
the  candle-power  of  the  evacuated  lamps 


As  the  light  produced  is  proportional  to  the  tempera- 
lure  of  operation,  it  is  possible  to  make  an  incan<lescent 
lamp  of  very  much  higher  efficiency  than  those  now  on 
the  market.  However,  the  lamp  life  is  another  factor 
to  be  considered  by  the  manufacturer.  It  also  varies  as 
the  temperature  at  which  the  filament  is  operated  but  in 
an  inverse  ratio.  Therefore  an  economical  medium  be- 
tween life  and  efficiency  must  be  decided  on,  because  an 
increase  in  either  one  will  decrease  the  other. 

By  surrounding  the  filament  with  an  mcrt  gas.  the 
necessary  pressure  is  supplied  to  keep  it  intact  for  a 
longer  time  when  its  temperature  is  raised  nearer  the 
melting  point.  The  increased  temperature  results  in  a 
greatly  increased  output  of  light.  The  advantage  of  the 
gas  in  the  bulb  is  not  without  at  least  one  disadvantage, 
namely,  that  it  cools  the  filament  and  thereby  tends  to 
reduce  the  candle-power.  In  order  to  reduce  losses 
from  this  cause  to  a  minimum,  the  filament  is  wound  in 
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a  helical  coil  and  concentrated  at  the  center  of  the  Imlh. 
The  closeness  of  the  coils  result  in  a  mutual  heatinsj  ef- 
fect and  exposes  a  minimum  amount  of  surface  lo  the 
cooling  gas.  The  gain  in  increased  light  output  is  con- 
siderably greater  than  the  losses  due  to  cooling  effects, 
especially  in  the  larger  units  where  the  surface  of  lila- 
ment  exposed  is  relatively  less,  so  that  there  is  a  result- 
ant gain  in  the  net  efficiency. 

One  feature  of  pronounced  importance  ha^-  l)een 
brought  out  l)y  the  Alazda  lamp,  that  is,  tlie  uniformity 
and  accuracy  of  its  manufacture.  Recent  improvements 
in  the  manufacturing  (processes  facilitate 
the  drawing  of  miles  of  homogeneous 
filament  of  al)solutely  iinifnrm  <li,-uiieter. 
This  is  of  very  great  imi)ortance,  as  it 
makes  i)ossil)le  the  manufacture  of  lam])S 
to  a  predetermined  voltage,  with  very  lit- 
tle shrink.-ige,  and  greatly  aids  in  pro- 
longing the  life  of  the  lamp. 

The  latest  developments  have  been 
])rinci])ally  along  the  lines  of  securing 
more  uniform  ])roducts  and  in  extending 
the  number  of  sizes  so  as  to  widen  the 
range  of  application  for  this  type  of  illu- 
minant.  C'onsiderable  work  has  also  been 
done  toward  developing  lam])s  for  new  fields,  one  of 
the  most  recent  being  the  "Mazda  l'>  Coil  Lamp." 
'I'his  is  .a  vacuum  type  .Mazda  l;imp  with  a  concen- 
trated filament  constrnetion  similar  lo  the  "Mazda  C" 
lamp.  It  can  be  used  advantageously  in  locations 
where  natural  downward  distribution  of  light  is  de- 
sired. Still  other  lamps  tli.it  have  been  developed  for 
special  fields  are  the  daylight  Mazda  lamps  and  the 
l)hotolight  Mazda  lamps.  The  Mazda  "C"  lam])  is  also 
well  adapted  for  use  in  projection  lanterns,  small  search- 
lights ;md  places  where  a  steady  li,ght  of  high  intrinsic 
brilliancy  is  desired.  The  high  temperature  of  the  fila- 
ment gives  to  the  light  emitted  a  larger  ])ercent.ige  of 
blue  than  is  obtained  from  the  ordinary  Mazd.i  Limp. 
This,  of  course,  is  advantageous  as  it  results  in  a  whiter 
light,  which  is  better  for  color  matching,  such  as  is  re- 
quireil  in  stores  or  mills.  The  concentr;ited  filament 
facilitates  mm-e  accurate  reflector  design. 

As  ordinary  photographic  jil.ates  ;ire  most  sensitive 
to  the  blue  and  ultra  violet  rays,  the  "Mazda  C  "  lam])s 
are  being  satisfactorily  develoi)ed  to  meet  retiuiremeiUs 
in  this  field.  They  have  four  times  the  actinic  value  of 
the  ordinary  Mazda  l;im|)s,  and  are  adaptable  to  portable 
fixtures  which  can  e;isil\-  be  located  to  utilize  their  light 
to  the  best  advant.age.  The  ])rincipal  fault  with  them 
has  been  found  in  the  effect  of  glare  on  the  eyes  of  a 
subject  i)osing  for  the  camera.  This  feature  is  at  ])res- 
ent  receiving  attention  and  Mazda  lamps  in  selective 
glass  Imlbs  which  screen  the  light  properly  are  now  on 
the  market  ;  they  are  referred  l(j  above  as  photolighl 
lamps.  These  are  especially  useful  to  photogra]>hers 
who  wish  to  wwk  under  the  same  li.ght  regardless  of  the 
time  t>f  (lav  or  weather  conditions. 


Ihe  daylight  l,im]i  i>  ada|)table  for  lighting  ni  stores 
and  other  places  where  color  matching  is  done.  The 
glass  of  which  this  bulb  is  made  is  carefully  colored  and 
of  the  proper  thickness  to  screen  the  superfluous  rays 
efficiently.  The  resultant  light  approximates  afternoon 
d;iylight  and  it  operates  at  an  efificiency  of  about  1.06 
watts  per  candle. 

.\  range  in  candle-power  from  60  to  I  000  is  now 
available  for  use  on  street  series  circuits  and  provides  a 
flexible  system  of  street  lighting  with  sizes  to  meet  all 
particular  retjuirements  of  this  class  of  service.  It  is 
steady  and  requires  attention  only  when  burned  out. 
The  distribution  of  light  is  very  uniform  and.  coming 
from  practically  a  |)oint  source,  is  easily  refracted  to  the 
|iioper  angles  to  give  the  best  results  along  the  streets. 
The  efficiency  is  higher  in  the  high  current  lamps,  and 
they  are  extensively  used  on  standard  6.6  and  7.5 
ani])cre  lighting  circuits.  Lamps  0]jerating  on  currents 
of  JO  amperes  show  an  even  better  efficiency,  but  they 
are  used  only  on  alternating-current  series  circuits  with 
a  compensator  or  current  transformer  for  each  lamp. 
Ihe  range  in  candle-power  for  standard  multiple  light- 
ing circuits  reaches  approxim;itely  from  10  to  2  000  can- 
dle-])ower. 

The  development  dm'ing  the  last  year  has  been  mainly 
in  ])erfecting  and  standardizing  the  high  efficiency  or 
"Mazda  C"  lamp  and  it  is  now  available  in  too,  200,  300, 
400,  500,  750  and  I  000  w.att  sizes  for  circuits  of  105  to 
1J5  volts  and  in  all  these  except  the  100  w'att  size  for 
circuits  of  220  to  J50  volts,  also  in  all  former  standard 
series  sizes.  The  most  important  dimensions  have  also 
been  standardized,  namely,  the  distance  from  the  base 
contact  to  the  center  of  the  light  source.  For  instance, 
the  300  watt  lamp  has  a  light  center  of  seven  inches, 
which  is  the  same  as  that  of  the  400  and  500  watt  lamps, 
making  it  adaptable  to  fixtures  designed  for  these  sizes 
and  interchangeable  without  aft'ecting  the  general  aj)- 
|>e:ir;ince  of  the  lighting  tniit. 

SAI.KS  I.N   I  NtANDirscr.NT  i..\Mrs 
In  the  United  States  alone  almost  one  hundred  mil- 
lion incandescent  lantps  were  sold  during  the  year  1914. 


lis 

\2i      Hi 

155    1"*^       IS" 

1. 

/V/ 

/,-•* — ^ 

<_    ^^>- H— — r^^,^ 

^""^ — ^'**»^''  /\  \ 

p^ 

"v^  "^ 

^^M 

lis 

105 

^x^ 

'V^'\i_-\ 

\  w 

'iS 

\       \ 

^^^s^ 

^--fj 

S5 

^ 

'^m 

75 
6S 

Ihe 
this 
(It  he 
lize( 


IS     i  u 

300  WatI  Ordinary   M»rda   .B«re' 

3M  W»!t  Typ*  C  M*zi»    Bare' 

FIC.     J — COMPARISON     Ol-     I.ICHT    UISTRIRCTIOX     CURVKS 

Mazda  lamps  sold  were  ai)proximately  70  percent  of 

total,  or   twd  and  one-third  times  that  of   all   the 

rs  combined.      The  demand  for  carbon  and  luetal- 

filamcnt  lamps  is  steadily  decreasing  and  has  al- 
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ready  reached  such  a  stage  that  they  can  no  longer  be 
manufactured  with  the  same  degree  of  satisfaction  nor 
carried  in  stock  on  as  economical  a  basis  as  they  were 
before  the  appearance  of  the  Mazda  lamp,  while  the 
tantalum  lamp  has  disappeared  from  the  field  entirely. 
It  is  interesting  to  note  the  steady  increase  in  the 
average  candle-power  of  incandescent  lamps  sold  since 
the  introduction  of  the  Mazda  lamp.  There  has  been 
a  comparatively  smaller  decrease  in  the  average  watt- 
age consumed  per  lamp,  which  indicates  that  the  con- 
sumer is  more  solicitious  about  obtaining  more  light  for 
the  same  money  than  the  same  light  for  less  money. 
Moreover,  the  small  decrease  in  wattage  is  more  than 
made  up  Ijy  the  greatly  increased  number  of  lamps  sold 
and  used.  Table  I.  compiled  by  the  lamp  committee  of 
the  National  Electric  Light  Association,  shows  the  rela- 
tive changes  in  candle-power  and  wattage  from  year 
to  year. 

TABLE  1 


Year 

1 

1907 

1908 

1909 

1910 

1911 

1912 

1913   1914 

Average  c-p  of  in- 1 
candescent    lamps  [ 

sold 

Average     watts 
0  f     incandescent 

18 

19 

21 

23 

25 

26 

29.4 

38-2 

lamps  sold 

53 

53 

52 

51 

51 

49 

" 

48 

The  average  candle-power  of  lamps  sold  in  1914,  excluding 
the^  Mazda  "C"  lamps,  was  35.3  c-p,  and  that  of  the  Mazda 
]'C"  lamps  was  45  c-p.  The  average  efficiency  of  Mazda  lamps 
is  at  present  about  0.8  watts  per  candle-power. 

PRICES 

Reductions  in  list  prices  have  been  made  from  time  to 
time,  as  obstacles  in  manufacture  were  overcome.  The 
most  recent  reduction  was  made  effective  April  ist, 
1915.  on  practically  all  sizes  of  ]\Iazda  lamps,  both  mul- 
tiple and  series  types.  On  the  more  regular  sizes  of 
multiple  lamps  the  reduction  has  been  about  ten  percent, 
while  on  the  Mazda  "C"  or  gas-filled  lamps  a  reduction 
in  some  cases  as  high  as  25  jiercent  is  noted. 

FIXTURES 

The  popularity  of  the  non-vaciuun  lamp  of  high  cur- 
rent has  necessitated  the  development  of  new  types  of 
fixtiu^es  which  will  provide  ventilation  and  jirotection 
from  moisture.  The  results  obtained  from  these  new 
lamps  depend  a  great  deal  on  the  manner  in  which  they 
are  installed  and  it  is  essential  that  approved  designs  of 
fixtures  be  used.  Fixtures  are  now  available  for  all 
types  and  sizes  of  these  lamps. 

OUTLOOK 

The  Mazda  C  lamp  at  i)resent  seems  to  be  desirable 
from  all  stand[)oints  as  it  embodies  in  one  unit  the  good 
qualities  of  the  incandescent  lamp,  such  as  steadiness 
and  cleanliness  in  operation,  besides  possessing  the  de- 
sirable qualities  of  high  efficiency  and  good  color  of 
light.  The  only  disadvantage  is  that,  at  present,  it  is  not 
made  in  small  sizes.  However,  its  uses  in  the  so-called 
larger  sizes  are  many  and  varied.    They  have  opened  up 


many  interesting  new  fields  for  the  use  of  incandescent 
illumination  in  which  their  concentrated  filament  proved 
advantageous.  For  instance,  in  stereopticons  used  in 
lighting  billboards,  and  building  fronts,  also  for  operat- 
ing small  moving  picture  machines  and  opaque  projec- 
tors. They  are  becoming  very  popular  for  lighting  ten- 
nis and  golf  courts,  trap  shooting  and  numerous  other 
outdoor  recreations,  that  can  now  be  enjoved  in  the 
evenings.  Fig.  2  shows  the  relative  distribution  of  the 
ordinary  Mazda  and  the  "Mazda  C"  lamps. 

Statistics  of  recent  changes  in  the  lighting  of  many 
of  the  largest  cities  in  the  country  indicate  that  the 
"Mazda  C"  will  replace  the  present  types  of  enclosed 
carbon  arc  lamps,  as  approximately  300000  of  the 
"Mazda  C"  lamps  have  been  successfully  used  for  street 
lighting  throughout  the  United  States  already.  While 
they  can  be  made  in  any  desirable  candle-power  it  is  a 
question  for  the  future  to  decide  whether  they  will  be 
able  to  compete  successfully  with  the  high  efficiency 
flame  arcs  and  quartz  mercury  lamps,  each  of  which 
seems  to  be  adaptable  to  special  kinds  of  service.  They 
are  especially  desirable  for  illumination  or  large  inter- 
iors where  the  lamps  can  be  hung  high  and  also  for  use 
in  indirect  and  semi-indirect  fixtures  where  high  efficien- 
cies are  necesary  to  compensate  for  the  absorption  of 
light  involved. 

What  the  future  of  the  Mazda  "C"  lamp  will  be  is 
more  or  less  in  the  nature  of  a  prophesy.  Mazda  lamps 
are  now  made  rugged  enough  for  any  kind  of  service 
even  in  locations  where  they  have  to  stand  a  considerable 
amount  of  rough  usage,  such  as  in  automobiles,  trains, 
street  cars  and  signal  service.  As  most  of  the  mechani- 
cal obstacles  have  been  overcome,  it  is  only  reasonable 
to  expect  that  more  attention  will  Ije  given  toward  fur- 
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iher  increasing  the  efficiency.  Whether  this  will  be  ac- 
complished by  improvements  in  the  present  filaments 
and  construction  or  whether  recourse  must  be  taken  to 
the  use  of  incandescent  gases,  of  course,  can  only  be  an- 
swered in  time.  Several  things,  however,  are  certain, 
the  standards  of  lighting  are  increasing  and  the  art  is 
advancing  at  a  more  rapid  pace  than  ever :  at  the  same 
lime  there  is  apparently  much  latitude  for  further  im- 
lirovements  in  the  present  illuminants.  There  seems  to 
be  every  reason  to  be  optimistic  as  to  the  future  develop- 
iiienl  of  the  incandescent  Mazda  lamp  as  there  is  a  con- 
stantly increasing  demand  for  more  and  better  light. 


Central  Station  Service  for  Steel  Mills 


T.  S.  Henderson 

Sales  Manager, 

West  Peim  System,  Pittsburgh,  Pa. 


P(  )\VER  IS  an  important  item  of  cost  in  the  pro- 
duction of  steel  products,  and  naturally  when 
[)o\ver  must  be  provided  for  new  mills  or  exten- 
sions of  existing  plants,  a  great  deal  of  attention  is 
given  to  the  obtaining  of  an  economical  and  reliable 
source  of  supply — keen  competition  in  the  steel  industry 
demands  it.  Until  recently  the  steam  engine  was  su- 
preme in  this  Held,  and  usually  the  simple  engine  was 
employed  on  account  of  its  few  parts  and  minimum 
liability  of  derangement.  Therefore  the  steel  men  in 
the  past  pinned  their  faith  only  to  the  steam  engine. 
They  were  like  the  coal  operators  in  being  slow  to  con- 


3 — Decreased  investment  involved  in  the  use  of  purchased 
power.  Under  this  heading  may  be  Included:  (a) 
Lower  cost  of  power  equipment;  (bj  Saving  of  floor 
space,  resulting  in  decreased  building  cost. 

4 — Cleanliness,  which  has  a  decidedly  favorable  effect  on 
labor. 

5 — Greater  safety,  removal  of  danger  of  engine  running 
away,  boiler  accidents  and  other  attendant  troubles  of 
the  steam  i)lant. 

6 — More  etTicient  labor.  It  has  been  found  that  mill  hands 
generally  prefer  to  work  in  electrically-driven  mills. 

7 — More  tiexible  and  adaptable  in  the  matter  of  driving 
arrangement. 

8 — Ready   starting. 

9 — Ready  reversing  in  ease  of  accident. 
10 — Possibilities  of  remote  and  individual  control. 

The  capital  saved  from  building  a  power  plant  should 


sider  purchased  power.  On  account  of  the  necessity  earn  much  greater  returns  if  invested  in  the  business, 
of  continuous  operation  of  mine  pumps  and  fans,  the  A  steel  mill  power  plant  is  usually  composed  of  a  few 
coal  operators  looked  carefully  into  the  (|uestinn  of  the  very  large  units,  and  in  order  to  have  a  reasonable  re- 
reliability  and  thereby  the  safety  of  ])owcr  transmitted  serve  capacity  to  insure  continuotis  0])eration,  the  over- 
to  the  ])oint  of  con- 
sumption. After  so 
many  leading  coal 
mines  had  finally 
settled  u  p  o  n  the 
purchase  of  power 
for  all  purposes, 
this  action  revived 
the  interest  of  the 
steel  ni  a  n  u  f  a  c- 
turers,  with  the  re- 
sult that  central 
station  service  is 
now-  applied  in  the 
steel  industry,  and 
its  use  is  steadily 
i  n  creasing.  These 
remarks  center 
about  the  steel  and 
coal  industries  of 
Western    Pennsvlvania 


nc.  I — vn:vv  (ii-  jo-rooT  helical  ce.vr  for  tr.\nsmitting  i  400  hokse-towkr 
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Flywheels  and  motor  in  background. 


all  load  factor  of 
the  power  plant  is 
usually  quite  low, 
thus  raising  t  h  e 
ultimate  c  o  s  t  of 
power. 

.\fter  consider- 
ing all  of  the  fore- 
going features,  it 
will  be  found  in 
the  case  of  building 
a  n  e  w  mill  that 
there  are  further 
advantages  in  ])ur- 
chased  p  o  w  e  r  in 
that  it  allows  the 
mill  owner  to  dis- 
regard the  other- 
wise import  ant 
consideration   of   a 


)nl     undduhteiliy    a])]ily    with  suitable  location  from  a  stand]ioinl  of  water  supply  ;ind 

equal  force  to  other  sections  of  the  country.  also  the  matter  of  coal  delivery  to  a  certain  extent.     In 

The  advantages  in  the  inirchase  of  power  for  steel  treating  of  the  question  of  location,  the  hni.shing  mills 

mill  operation  are  not  unlike  those  obtaining  in  other  are  princii)ally  considered,  that   is.  those  which  receive 

industries.     It  merely  resolves  it.self  into  a  comparison  billets,  sera]),  etc.,  and  work  them  into  ilnished  jiroducts 

of  all  the  direct  and  contributing  elements  of  cost  of  such  as  tin-plate,  strips,  wire,  tubing  and  rolling  of  all 

the  isolated   plant   with   the   simple   charges   made    for  kinds. 


A  favorable  manufacturing  site  is  a  fundamental 
item  in  the  locating  of  any  mill.  To  induce  a  new  in- 
dustry to  locate  in  a  town,  the  community  in  competition 
with  other  localities  will  often  offer  concessions  to  the 
promoters  in  way  of  furnishing  free  sites.    Certainly  if 

paratus   is  in  operation,   due  to   wear   and   consequent  the  operation  of  the  plant  is  of  a  clean  nature  with  the 
leakage  and  other  deficiencies  of  the  steam  engine.  ,  .  ,.     :  ,  ,     .       ,         . 

2-Greater  momentary  output  of  the  motor,  due  largely  to  ^"^^'^^^  nuisance  eliminated,  more  choice  locations   may 

time  required  for  governor  of  the  steam  engine  to  act.  be  obtained.     ^\  ith   the  location   an   inducement   to   the 

In  numerous  rolling  mills  considerable  ^iffip'tyj].  «_;  worker,  together  with  clean  surroundings,  the  best  type 


purchased  power.  After  considering  the  question  of 
cost,  some  additional  advantages  of  purchased  power 
are  as  follows : 

I — Inherently    superior    speed    regulation    of    the    electric 
motor.     This  Ijecomes  more  marked  the  longer  the  ap- 


perienced  by  the   stalling  of  the  engine, 

being  particularly  true  of  sheet  and  tin  plate  plants. 


of  operatives  are  drawn  to  the  mill  which  is  bound  to 
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affect  the  quality  of  the  mill's  output  and  its  efficiency      a    motor-driven    air   compressor    was    installed,    which 
in  operation,  which  in  turn  is  noticeably  reflected  in  the     serves  the  power  doublers,  this  being  the  only  operation 
final  cost  of  the  product.    Heretofore  the  factor  of  con- 
venience and  comfort  of  the  worker  has  been  somewhat  t.\ble  i— motors  ixst.\llei)  at  apollo  mills 
neglected,  but  it  is  now  being  recognized  as  a  direct 
element  in  efficient  production. 

Through  the  use  of  electric  drive,  the  steel  mill 
owner  may  obtain  a  complete  analysis  of  his  power  con- 
ditions by  the  use  of  graphic  wattmeters.  By  a  careful 
study  of  his  records  he  places  himself  in  a  better  position 
to  introduce  methods  of  operation  that  will  reduce  his 
power  consumption  per  ton  of  output  and  in  a  like  de- 
gree the  cost  of  his  product.  This  saving  is  to  be 
credited  directly  to  electric  drive.  In  the  steam-driven 
mill  there  are  no  similar  instruments  that  are  as  reliable 
as  the  graphic  wattmeter.  While  there  are  a  number 
of  different  types  and  makes  of  recording  steam  engine 
indicators,  steam  meters,  torsional  meters  and  other 
measuring  instruments,  still  these  are  all  more  or  less 
delicate  and  require  frequent  calibration  to  insure  their  which  could  not  conveniently  be  taken  care  of  directly 
accuracy.  They  are  useful,  of  course,  in  making  tests  by  electric  motors, 
from  time  to  time,  but  they  do  not  provide  the  contin-  <  )ne  of  the  most  prominent  features  of  the  ])lant  is 


No. 

Horse 
Power 

Driving 

1 

1400 
(3500 
Max.) 

.Main  Rolls. 

3 

10 

156  in.  shears. 

I 

10 

Galvanizing  Pots. 

1 

10 

Oscillator. 

1 

111 

Corrugation  Machine. 

1 

10 

Portable  Leveling  Machine. 

1 

3(1 

Roll   Lathe. 

1 

25 
(slip  ring) 

.^ir  Compressor. 

2 

10 

Machine  Shop. 

3 

10 

Stokers. 

1 

.•> 

Small   Leveling   Machine. 

3 

Cranes 

11-30  ton  with  2-10  ton  auxiliaries). 

2 

10 

Buffalo  Vertical  Pumps. 

uous  record  of  the 
graphic  wattmeter 
which  s  h  o  w  s  in- 
stantly w  h  e  never 
excessive  waste  or 
losses  in  power  oc- 
cur. It  represents 
another  means  of 
increasing  the  ef- 
ficiency in  produc- 
tion. 

A  large  number 
of  steel  mills  of  the 
class  above  dis- 
cussed have  been 
installed  within  the 
last  few  years.  It 
will  be  interesting 
t  o  describe  i  n  a 
general  way  one  of  these  representative  mills. 

At  Apollo,  Pa.,  a  black  and  galvanized  sheet  mill 
built  in  1913  receives  its  entire  power  supply  from  the 
West  Penn  System.  This  mill  has  an  output  of  about 
30000  tons  per  year,  mostly  in  galvanized  sheets  aver- 
aging No.  25  gauge.  Three-phase,  60-cycle  power  is 
delivered  at  25  000  volts  and  is  reduced  to  the  working  eliminate  any  sharp  peaks  in  the  power  demand  and  flue- 
voltage  of  2  300  volts  in  a  transformer  station  containing  tuations  in  speed  which  are  often  encountered  in  rolling 
three  750  k.v.a.  units.  Three  auxiliary  transformers  of  mill  drive.  These  flywheels  were  made  of  cast  steel  on 
75  k.v.a.  capacity  further  reduce  the  voltage  to  240  volts     account  of  the  high  rim  speed  of  10  000  feet  per  minute. 


the  main  roll-driv- 
ing m  e  c  h  a  n  ism 
adopted.  A  i  400 
horse-power  motor 
operatingat  a  speed 
of  240  r.p.m.is  con- 
nected to  the  mill 
shaft  by  a  set  of 
helical  gears  with 
a  ratio  of  8  to  i,  re- 
ducing the  speed  to 
30  r.p.m.  Helical 
gears  were  selected 
due  to  their  smooth 
and  uniform  oper- 
ation. The  pinion 
is  30  in.  in  diam- 
eter and  the  gear 
a  p  proximately  20 
feet  in  (li;imeter.  This  set  reiiresents  the  largest  high- 
s])eeil.  high-powered  gear  so  far  built.  Some  idea  of  its 
size  luav  be  gained  from  Fig.  r.  ft  is  completely  encased 
by  a  sheet  steel  hood  ami  runs  in  a  bath  of  oil.  It  has 
been  very  i|uiet  and  successful  in  operation. 

Large  flywheels  installed  on  the  pinion  shaft  serve  to 


VIEW   OK    I  400    HORSE-POWEK   SI.IP-Kl.N'G    MOTOR   AM)    1■I.^\VHEKI, 
FOR  ROLLING   MILL  DRIVE 


for  operating  the  cranes  and  small  motors.     The  com- 
plete motor  installation  is  indicated  in  Table  I. 

It  is  to  be  noted  that  all  motors  are  of  the  alternating- 
current  type,  including  the  crane  motors.  As  the  mill  is 
not  provided  with  a  boiler  plant,  it  was  necessary  to 


two  v^'heels  being  provided  to  take  care  of  the  flywheel 
effect  and  to  avoid  excessive  rim  weight.  Another  ad- 
vantage of  these  heavy  flywheels  is  the  great  amount  of 
stored  energy,  which  is  more  than  sufficient  to  clear  the 
rolls   in   case   of   an   accidental   tripping  of   the   circuit 


install  a  .small  low-pressure  boiler  for  the  pickling  tanks  breaker,  it  having  been  found  in  actual  operation  that 
in  the  galvanizing  department,  and  this  is  the  only  steam  rolling  may  be  done  for  at  least  one  minute  after  power 
used.    In  order  to  avoid  the  use  of  high-pressure  steam,     is  oft'.     A  view  of  the  motor  and  flywheel  is  shown  in 
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Fig.  2.  The  motor  is  of  the  slip  ring  type  and  has  a 
maximum  momentary  capacity  of  3500  lip.  or,  in  other 
words,  two  and  one-half  times  normal  rating. 

.Again,  a  large  advantage  over  the  steam  engine  is 
secured.  .\  steam  engine  to  possess  such  large  overload 
ability  must  normally  operate  at  such  low  loads  as  to 
cause  an  extravagant  waste  of  steam.  Likewise,  the 
boilers  must  be  in  readiness  for  heavy  drafts  of  steam; 
otherwise  there  may  be  priming  and  resultant  water 
hammer  and  also  steam  engine  troubles.  Plainly  the 
steam  engine  plant  must  be  of  uneconomical  proportions 
to  meet  the  demands  of  the  rolling  mills.  Added  to  the 
large  maintenance  e.xpense,  the  cost  of  operating  the 
steam  engine  must  be  high,  and  this  will  be  verified  if 
an  accurate  system  of  cost  accounting  is  kc])t  in  the  mill. 

\Miile  the  ajiplication   of  central   station   service  to 


steel  mills  has  already  assumed  importance  for  power 
drive  and  illumination,  it  is  going  to  have  more  extended 
use  in  the  steel  industry  through  the  introduction  of 
electric  furnaces.  Considering  the  (|uality  of  steel  pro- 
duced by  the  electrical  ]jrocess  and  the  improvements 
that  are  being  made  in  the  design  of  the  furnace,  it  is 
only  a  question  of  time  when  the  use  of  the  electric  fur- 
nace will  become  quite  general  in  this  country,  as  it  is  in 
Europe  today. 

In  concluding  it  may  be  stated  that  the  power  con- 
tract becomes  an  asset  to  the  steel  mill  owner  for  the 
reason  that  in  purchasing  power  he  applies  his  invest- 
ments to  the  very  best  advantage  and  preserves  his 
capital  credit ;  in  addition  he  obtains  superior  operating 
conditions  that  enhance  the  value  and  decrease  the  cost 
of  his  product. 


Problems  and  Exi)eriences  in   150  000  Volt 

Power  Transmission 


Edward  Woodbury 

Superintendent, 

Pacific  Light  &  Power  Corporation,  Los  Angeles,  Calif. 

ON  -ACCOUNT  of  its  large  size  and  unusual  features,  the  Big  Creek  Development  of  the  Pacific  Light  & 
Power  Corporation  has  been  described  so  often  and  so  comprehensively  that  no  additional  description  is 
necessary.  It  is  of  interest,  however,  to  review  the  experiences  of  eighteen  months'  operation  and  compare 
them  with  the   forecasts  and  assumptions  made  at  the  time  of  preparing  the  designs. 


PERllAl'S  the  most  striking  feature  of  the 
operation  of  the  150000  volt  power  transmis- 
sion system  of  the  Pacific  Light  &  Power  Cor- 
poration is  that  in  normal  operation  60000  kilo- 
watts generated  in  two  plants  under  a  total  hydraulic 
head  of  4  000  feet  and  transmitted  240  miles  at 
150000  volts,  is  distributed  with  a  continuity  and  re- 
liability of  service  and  voltage  regulation  even  bet- 
ter than  when  the  source  of  supply  was  a  large  mod- 
ern steam  plant  transmitting  only  20  miles  at  15000 
volts.  Moreover,  the  operation  of  the  system  has 
demonstrated  that,  with  the  types  of  construction 
and  systems  rif  operation  employed,  there  is  no  neces- 
sity for  the  expense  of  maintaining  a  steam  reserve 
of  100  percent  of  the  transmitted  power  in  readiness 
at  all  times  to  take  on  the  load. 

HM)K.'\ULIC    FEATURES 

This  hydraulic  development  has  some  features  of 
interest  which  will  be  mentioned  briefly.  About  five 
and  one-half  miles  of  pressure  tunnels  were  driven 
through  solid  granite.  These  tunnels  are  circular  in 
section,  twelve  feet  in  diameter  and  unlined.  This  is 
a  departure  from  the  usual  rectangular  section  hav- 
ing arched  roof  and  concrete  lining.  In  the  design 
due  allowance  was  made  for  friction  on  the  rough 
sides  of  the  tunnel  and  it  was  found  to  be  much 
cheaper  than  the  concrete  lined  tunnel.     A   storage 


leservoir  of  50000  acre-feet  capacity  was  created  by 
the  construction  of  three  dams  containing  120000 
cubic  yards  of  concrete.  Among  other  things  of  in- 
terest may  be  mentioned  two  incline  railways  each  a 
mile  in  length  and  with  a  capacity  of  70  tons,  pen- 
stocks o])erating  at  a  pressure  of  900  lbs.  per  square 
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FIG.    I — POWKR    HOUSE   NO.    I.    I  l  I.OPMENT 

inch  and  56  miles  of  mountain  railroad  over  which 
all  supplies  and  niachinery  were  transported. 

Sl'EED   .\.ND   VOLTAGE   CONTROL 

The  most  striking  items  of  interest  in  the  power 
stations  are  the  systems  of  automatic  voltage  con- 
trol, the  water  wheel  governors  and  the  large  size  of 
some  of  the  apiiaratus.     The  transformers,  lightning 
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arresters  and  high  tension  switches  are  probably  the 
largest  of  their  kinds  ever  built.  Each  generating 
unit  has  two  tangential  water  wheels,  so,  in  order  to 
make  economical  use  of  the  water,  a  separate  gov- 
ernor is  provided  for  each.  One  or  both  runners  may 
thus  be  operated  according  to  the  demands  of  the 
1. 'ad.      While     thi^     method    appeared    objectionable 


FIG.    2 — POWER    HOUSE    XO.    2.   BIG   CREEK    DEVELOPMENT 

from  the  standpoint  of  close  regulation  it  has  given 
very  satisfactory  service.  The  governors  have  the 
usual  remote  switchboard  control  permitting  start- 
ing, stopping  and  speed  changes  from  the  operating 
gallery.  In  ordinary  operation  full  load  is  sometimes 
thrown  oft  the  generators  without  excessive  rise  in 
speed.  The  amount  of  power  is  regulated  by  the  gov- 
ernors actuating  needle  nozzles  which  change  the 
size  of  the  water  jets.  In  case  of  sudden  load  changes 
there  would  be  excessive  pressures  in  the  penstock, 
but  for  the  pressure  regulating  system.  This  con- 
sists of  a  water  balanced  by-pass  valve  discharging 
into  an  energy  absorber.  When  the  governor  shuts 
ofif  suddenly,  the  by-pass  opens  cjuickly  and  gradual- 
ly closes  so  as  not  to  produce  an  excessive  pressure 
m  the  penstock.  As  originally  installed  the  water 
balance  cylinder  used  the  same  pressure  as  the  water 
wheels.  This  gave  considerable  trouble  as  the  water 
at  900  lbs.  pressure  would  rapidly  cut  out  the  small 
valve  controlling  it.  Accordingly  a  cylinder  much 
larger  in  diameter  was  tried,  using  only  250  lbs. 
water  pressure.  This  has  proven  very  satisfactory 
and  the  recording  gauges  show  that  no  dangerous 
pressures  have  occurred.  The  speed  regulation  is 
such  that,  when  operating  in  parallel  with  a  40  000 
I'ilowatt  steam  plant  at  the  receiving  end  of  the  line, 
the  water  ^vheel  governors  absorl)  the  changes  of 
load  faster  than  dd  the  steam  turbines. 


One  of  the  interesting  features  of  the  installation 
is  that  the  electrical  equipment  has  been  divided  im- 
partially between  the  two  large  electrical  manufac- 
turing companies  of  the  country.  Each  company 
ecjuipped  completely  one  of  the  two  power  houses 
and  the  equipment  of  the  substation  and  switching 
station  was  divided  equally  between  them.  The  pur- 
jiose  of  this  arrangement  was  that,  since  the  designs 
involved  such  radical  departures  Irum  previous  prac- 
tice, it  would  be  desirable  to  obtain  a  comparison  of 
the  characteristics  of  the  apparatus  produced  by  each 
and  to  get  the  benefit  of  the  engineering  skill  of  both 
companies.  It  is  interesting  to  note  that  while  there 
are  marked  difTerences  in  the  construction  of  many  of 
the  items  of  apparatus,  operating  experience  has  not 
brought  out  any  noticeable  general  superiority  of  the 
work  of  either  over  the  other,  and  the  faults,  inevita- 
ble to  new  tvpes  of  machinery,  which  ha\e  developed 
in  operation  have  Ijeen  very  few  and  aliout  evenly  di- 
vided between  the  two  manufacturers. 

The  automatic  voltage  regulators  supplied  by  the 
two  electrical  manufacturing  companies  are  radical- 
ly different  and  are  designed  to  reduce  the  excitation 
to  zero.  This  is  necessary  at  the  receiving  station 
but  not  at  the  power  plants.  The  regulating  system 
furnished  at  Plant  No.  i  has  a  small  exciter  to  excite 
the  main  exciter  and  makes  use  of  the  usual  form  of 
automatic  voltage  regulator.  The  small  exciter  is  in 
reality  three  machines;  a  125  volt  and  a  275  volt  di- 


I'lr,.   3 — VOI.T.\GE    CH.XRT    SHOWING    D.\ILV    OPERATION    OF    SVSTE.M    ON 
GKNER.VTING    .\ND    RECEIVING    ENDS 

rect-current  machine  are  connected  in  opposition  series 
and  driven  by  an  induction  motor.  The  motor  has 
no-load  release  and  tlie  125  volt  machine  floats  on  the 
storage  battery,  tlui-.  preventing  any  interference 
with  the  excitation  system  due  to  station  or  line  trou- 
ble. The  voltage  regulator  acts  on  the  275  volt  ma- 
chine. It  will  thus  be  ai)parent  that  the  resultant 
\0lta2e  of  the  set  can  be  reduced  to  zero  and  vet  the 
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],(itenlial  applied  to  the  direct-current  coil  of  the  reg- 
ulator will  be  125,  which  is  ample  for  stal:ile  conditions. 
As  first  installed  this  system  gave  a  little  tn)ul)le  due 
to  the  set  re\ersing  in  polarity  when  reduced  to  zenj 
potential.  A  preventive  relay  was  added  and  some  the 
minor  changes  made  to  the  regulator,  since  which 
time  the  regulation  has  been  very  satisfactory. 

The  regulator  furnished  at  Plant  No.  2  is  quite 
difl'erent  from  the  abi_i\c.  iirietly,  it  is  the  usual  type 
with  the  radical  dilierence  that  the  direct-current 
control  magnet  is  replaced  by  an  alternating-current 


time  it  is  drc)p])ed  to  approximately  135  000  volts  dur- 
ing the  light  load  period  (See  Fig  3).  Any  changes 
of  \iiltage  necessary  at  the  substation  due  to  load 
demands  are  taken  care  of  locally  by  adjustment  of 
VDltasie    regulator.      This    of    course    makes    an 


one  which  receives  its  energy  from  the  bus  potential 
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FIG.  4— .\MPKKi;  I.O.Ml  CURVE  OF  VOI.T.\GK-RKCl-I..\TIX|-,   SYNCHRONOUS 
CONDFXSER   .\T   RECEIVING   END 

transformer.  This  regulator  then  contrnls  the  volt- 
age by  acting  directly  on  one  of  the  200  kilowatt  ex- 
citers. Like  its  competitor  this  apjiaratus  also  un- 
derwent some  development  after  installation.  As  at 
f-.rst  operated  the  exciter  had  three  shunt  field  wind- 
mgs  in  addition  to  the   series   winding.      One   shunt 


ideal  operating  condition  as  it  is  not  necessary  to 
consult  the  generating  stations. 

It  is  im|jc)ssible  to  charge  the  line  with  one  gener- 
ator except  under  sjiecial  conditions  of  using  re- 
versed held  excitation.  This  can  be  accomplished  in 
the  svstcm  of  one  manufacturer  by  making  the  regu- 
lating exciter  set  reverse  and  the  other  system  by 
energizing  one  of  the  extra  field  coils  on  the  exciter 
from  the  storage  Ijattery  in  the  reverse  direction.  In 
order  to  deliver  normal  potential  at  the  substation 
137000  volts  is  re(|uired  at  the  power  house.  At  this 
potential  the  charging  current  is  90  amp^.  which 
equals  21  500  k.v.a.  As  a  consequence  two  genera- 
tors are  normally  used  in  charging  the  line  and  hav- 
ing their  fields  excited  in  the  same  direction  as  in  reg- 
ular service.  In  the  case  of  one  generator  with  re- 
versed field,  this  is  necessarv^  to  prevent  the  voltage 
going  above  the  desired  value.  The  self-exciting 
feature  of  the  generators  with  leading  current  is  most 
prominent,  and  is  due  to  their  \ery  high  reactance. 

One  generatdr  at  I'lant  Xo.  I  running  at  normal 
speed,  no  load,  no  field  and  charging  the  line  would 
excite  itself  to  7600  volts.  The  reactance  of  the 
step-up  transformers  raises  this  potential  by  an 
ami  Hint  in  excess  of  their  true  ratio  of  transforma- 
tion sucli  tli.it  the  high  tension  voltage  would  be 
190000.      The  charging  current  flowing  at  this  pres- 


winding   was   for   self-excitation    and   the   other   two 

were  controlled  by  the  regulator  and  energized  by  j^^^e  equals  y:,  000  k.v.a.  Corona  and  other  losses 
storage  battery.  One  of  these  would  increase  the  ex- 
citation and  the  other  would  decrease  it.  While 
this  system  gave  splendid  service,  operating  exjier- 
ience  has  shown  that  the  refinement  of  regulation  it 
v'as  designed  to  give  has  not  been  required.  As  now 
installed  both  makes  of  regulators  are  giving  satis- 
factory service  with  the  twi^  power  plants  in  parallel 
operation. 

TR.\XSMISS10N 

'fhe  most  serious  in-oblein  eiicoujtered  was  of 
course  the  transmission  of  the  energy  fnnn  Big  Creek 
to  Los  Angeles.  The  mechanical  elements  of  design 
involved  structural  strains  of  a  magnitude  not  betore 
encountered  in  a  line  anywhere  nearly  approaching 
the  length  of  240  miles.  The  insulation  and  separa- 
tion of  wires  for  150000  volts  was  untried.  The 
voltage  regulation  rec[uired  large  equipment  of  an 
unusual  type.  This  last  is  probably  of  the  greatest 
interest  and  has  been  worked  out  bv  the  use  of  two 


IK..    5 — INTI.UIOK  OF   POWER   HOUSE   NO.   2 

Sliiixvini;  two  i/.soo  kilowatt,  65oo  volt  generators. 

make  a  load  of  3000  kilowatts  on  the  generator. 
\\  itli  one  generator  at  I'lant  No.  2  under  similar  con- 
ditioii>  the  results  are  somewhat  greater,  and  would 


be  as  follows:  9000  volts  on  generator,  potential  on 
15000  k.v.a.  synchronous  condensers  at  the  receiv-  high  tension  side  230000  volts,  k.v.a.  50000  and  5000 
ing  station  in  such  a  way  that  within  the  range  of  l<\v  load 
ordinary  operating  conditions  the  receiving  station 
can  maintain  any  desired  voltage  irrespective  of  the 
power  house  voltage.  In  daily  operation  the  gener- 
ated voltage  is  held  constant  at  the  power  house  at 
150000  from  6:30  A.   M.  until  9:00   P.   M.  at   which 


SV.XCllRONOUS   CONDENSERS 

The  two  ?.yiuiironous  condensers  at  the  substa- 
tion being  of  different  make,  each  has  its  own  volt- 
age regulator.      It   was  attempted  at  first  to  o])erate 
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each  condenser  with  its  (jwn  regiihiti)r,  cnrrent  trans- 
formers Ijeing  installed  to  pre\ent  hunting  and  to 
balance  loads.  This  method  did  not  prove  very  satis- 
lactory  and  operatinn  has  been  carried  on  with  one 
reoulatnr  contrnllin"   both  machines.      Load  balance 


Fir..  6 — DETAIL  OF  POWER  HOUSE   XO.  2,   SHUWU.'C.  GUVERXOR 
.VXD  RELIEF  VALVE 

is  preserved  with  the  usual  equalizing  rheostat.  The 
regulatdrs  are  here  called  upon  to  cnntrol  field  exci- 
tation from  a  maximum  to  zero.  Fig.  4  is  a  typical 
ampere  load  cur\-e  of  mie  condenser,  the  two  upper 
peaks  being  full  load.  The  lagging  current  would 
be  of  greater  magnitude  but  for  the  fact  that  the 
power  house  lowers  the  voltage,  as  shown  in  Fig.  3. 
This  curve  gives  a  fair  idea  (_)f  the  requirements  nf 
the  regulator. 

The  starting  of  these  condensers  has  been  some- 
what of  a  problem.      During  the   early   operation   it 
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FIG.    7 — swill  !  I    \XS.M1SS10X    LI-\E 

This  all'iwi  vai  iuu>  cuinljinalions  uf  lines  fur  i.solating  defective 

lines   and   making  repairs. 

was  necessarv  to  gi\e  them  a  start  with  the  crane,  at 
the  same  time  throwing  in  the  starting  switch  at  po- 
tentials of  40  to  50  percent  of  normal  and  requiring 
10  000  k  v.a.  However,  with  one  machine  already  run- 
ning this  extreme  ccmdition  only  made  a  five  percent 
momentary  drop  in  voltage.  High  pressure  oil  is  now- 
being  supplied  to  the  bearings  under  the  shaft.  It  is 
expected  that  this  will  result  in  decreased  starting  poten- 
tial and  consequent  smaller  voltage  disturbance.  The 
usual  method  pursued  in  starting  a  machine  is  as 
follows  :  The  starting  switch  is  closed  with  no  field, 
machine  comes  up  to  speed  and  drops  into  step,  field 
then  closed  and  adjusted  to  a  predetermined  p()int 
and  condenser  then  switched  o\er  to  running  switch. 


Held  must  be  properly  adjusted,  otherwise  more  or 
less  disturljance  is  caused  when  switching  over. 

01'ER.\TING  EXPERIENCES 

As  previously  mentioned  the  reactance  of  the 
generators  is  very  high  being  70  and  85  percent  re- 
spectively. If  to  this  be  added  5  and  8.5  percent  for 
transformer  impedance  it  is  readily  seen  that  short- 
circuit  currents  are  limited  to  a  trifle  over  full-load 
\  allies.  This  is  in  remarkable  contrast  to  the  usual 
steam  turbine  generator.  While  it  may  seem  strange, 
it  is  a  fact  that  a  short-circuit  on  the  line  causes  the 
generators  to  loose  their  load  and  the  governors  to 
shut  of¥  water.  The  limiting  of  short-circuits  is  very 
desirable  wdiere  aluminum  is  used  f(_)r  line  conduc- 
tors, as  it  is  very  easily  damaged.  During  the  early 
operation    consideral:)le    trouble    was    experienced    in 
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FIG.  8 — RECEIVIXG   STAriOX 

handling  the  idants  during  short-circuit  conditions. 
Confusion  generally  existed  and  some  time  was  lost 
in  reducing  the  voltage  to  suppress  the  arc  and  again 
picking  up  the  load  and  restoring  normal  conditions. 
I'o  correct  this  condition  auxiliary  field  rheostats 
have  been  placed  in  series  with  the  rheostats  which 
are  acted  upim  1)\-  the  voltage  regulators.  All  short- 
circuits  on  this  system  have  been  between  one  or 
more  conductors  and  ground.     When  a  short-circuit 


I-IG.    y — I5UUU    K.V..\.    b^iSCHKO^OUb    euXUtXSEKS    .VX 
RECEmNG    STATION 

occurs  the  \dltage  is  lowered  by  means  of  the  au.xili- 
ary  rlieostats  until  the  arc  breaks,  indication  of  wdiich 
is  \isible  on  the  neutral  ground  current  ammeter. 
The  \iiltage  is  then  raised  and  conditions  are  usually 
normal  in  oiu-  minute.     .\  field  killing  relav  is  under 
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consideration  which  would  he  oi)eratc(l  l)y  the  neu- 
tral ground  current.  It  wouhl  cut  the  auxiliary- 
rheostat  into  circuit  whenever  there  was  a  ground  on 
the  line  and  out  again  as  soon  as  trouble  ceased  to 
exits. 

Most  of  the  line  troubles  arc  arcing  grounds,  and 
practically     all    of    these    are    insulator    flash-overs. 
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FK;.     10 — TRANSMISSION    TOWER 

There  have  been  fifteen  of  these  to  date  and  service 
was  resumed  in  everv  instance  without  the  necessity 
of  any  innnediate  repairs.  The  arcing  rods  generalh" 
protect  the  insulators  and  cable  against  any  damage. 
There  have  been  two  or  three  cases  of  cable  being 
scorched  and  some  strands  burnt  in  two  and  also  a 
few  insulator  units  broken,  but  nothing  to  prevent 
immediate  resumption  of  service.  Of  only  passing 
interest  are  such  matters  as  a  few  trees  getting  into 
the  line,  of  a  well  Iicing  (hnamilcd  directlv  under  the 


FIG.    II — DIFKKRKNT    ^n;THO^)S   OI'  TYING  DOWN   CONDUCTORS 

The  one  on  tlic  right  hand  was  adopted  for  this  line, 
line  and  causing  an  arc  between  conductor  and 
ground  wire.  Some  times  the  arc  rods  will  have 
from  one  to  two  inches  burnt  off  the  end,  and  at 
other  times  there  will  cmly  be  a  blister.  The  line 
separation  is  51  inches,  requiring  a  break-down  po- 
tential of  500000  volts  at  normal  frequency.  It  is 
apparent   from   the  evidence  that   most  of  these  so- 


called  insulator  flash-overs  are  not  such  at  all  but 
that  the  intervening  air  space  between  the  arc  rods 
has  been  broken  down  by  an  excess  of  voltage  and 
])robably  high  freciucncv. 

Two  interruptions  have  been  caused  by  mechani- 
cal failures.  One  was  caused  by  the  hardware  giving 
wa\-  at  tile  tower  end  of  a  strain  insulator,  precipi- 
tating cable  and  insulators  to  the  earth.  The  other 
was  caused  by  a  faulty  dead-end  clamp  at  the  end  of 
a  2  700  ft.  span  over  a  river. 

There  are  some  miscellaneous  matters  which  may 
be  of  general  interest.  The  line  current  is  consider- 
ably unbalanced  under  no  load  conditions  on  account 
of  the  conductors  being  supported  in  the  same  plane. 
I'his  practically  equalizes  under  load  and  no  ditiicul- 
ty  is  experienced  in  commercial  operation.  The  gen- 
erators are  rated  at  14  000  kilowatts  80  percent 
power-factor  but  as  the  station  jiower-factor  is  near 
unity  the  inaxiniuiii  cajiacily  of  the  \\ater  wheels 
can  l)e  utilized,  which  is  16 000  kilowatts.  The  power 
station  transfoniKMs  are  Y-connected  for  150000 
volts  with  neutral  solidly  grounded  and  the  receiving 
transformers   are   delta   connected    for    i  ^o  000   volts. 


FIG.    12 — WINTER    SCENE,    SHOWING    SNOW    ON    THE   C.\BI.ES 

It  has  been  demonstrated  by  experiment  that  a  dead 
line  collects  snow  faster  than  when  energized  even 
though  not  carrying  any  load.  From  this  it  appears 
that  this  feature  is  due  to  electrostatic  effects.  A 
dead  section  of  the  duplicate  line  100  miles  in  length 
has  a  potential  of  4  200  volts  induced  in  the  nearest 
conductor.  As  a  consequence  rigid  rules  in  regard 
to  grounding  are  inforced  whenever  any  work  is  to 
be  done.  Two  telephone  circuits  on  an  Independent 
pole  line  300  miles  in  length  connect  the  power  houses 
with  the  substations,  one  circuit  being  for  through 
business  and  the  other  for  use  of  the  patrolmen. 
There  are  about  twelve  instruments  on  each  circuit 
and  as  its  resistance  is  4000  ohms  it  will  be  seen  that 
the  limits  of  ordinary  telephone  transmission  are  ap- 
[)roaclied.  Storage  batteries  are  used  in  the  trans- 
mitter circuits  and  i)ower  machines  for  ringing.  W'ith 
these  refinements  the  service  is  \ery  satisfactory. 
Ai>])roxiiii;itely  midway  in  the  transmission  line  a 
cross-o\er  switching  station  is  located.  This  allows 
a.  selection  of  various  combinations  of  lines  to  elimi- 
nate those  in  trouble  or  t(:i  ]>erniit  repair  work. 


Single -Phase  Loads  from   Polyphase   Systems' 

B.  G.  Lamme 

Chief  Engineer, 

W'estinghouse  Electric  &  Mfg.  Company 

WITHIX  comparatively  recent  times  a  very  considerable  demand  has  arisen  for  singk-pliase  power  for  elec- 
tric furnaces,  and  electro-fusion  applications,  for  electric  railway  service,  and  for  various  other  special 
applications.  As  all  large  central  station  plants  are  now  polyphase  (usually  three-phase),  the  problem  of 
delivering  single-phase  power  from  such  systems,  without  unduly  disturbing  the  phase  relations  and  voltage 
conditions,  has  become  an  important  one.  In  view  of  the  widespread  misunderstanding  which  apparently  holds 
on  this  subject,  it  is  considered  opportune  to  present  the  facts  of  the  case.  The  following  is  a  non-mathe- 
matical treatment  of  this  subject,  written  in  a  style  that  should  be  easily  understood. 


IN  THE  first  place,  the  broad  statement  may  be  made 
that  it  is  not  practicable  to  transform  a  polyphase 
load  to  single  phase  by  means  of  transformers 
alone.  There  is  a  definite,  positive  reason  for  this, 
namely,  a  single-phase  load  represents  power  which  is 
pulsating  or  varying  periodically  from  zero  to  a  maxi- 
mum value,  while  a  balanced  polyphase  load  represents 
continuous  power  of  constant  value.  It  is  obviously  not 
feasible  to  transform  from  continuous  power  to  pulsat- 
ing, or  vice  versa,  without  some  means  of  storing  and 
restoring  power,  which  is  not  practicable  with  trans- 
formers. 

Keeping  the  above  statements  in  mind,  it  is  obviously 
a  waste  of  time  to  attempt  to  accomplish  the  result  by 
special  transformer  connections  or  arrangements.  How- 
ever, many  attempts  have  been  made  to  produce  this  re- 
sult with  transformers  alone,  and  some  with  superficial 
evidence  of  success — that  is,  in  some  cases,  it  has  been 
possible  to  load  the  three  phases  ecjually  in  current  when 
delivering  single-phase  load.  But  balanced  currents  in 
this  case  do  not  mean  balanced  power  loads,  nor  do  they, 
as  a  rule,  mean  less  total  loss  in  the  o-enerator  windings. 
In  fact,  the  equality  of  the  currents  in  the  different 
leads  is  obtained  simply  by  out-of-phase  currents,  part 
of  them  usually  being  leading  and  part  lagging.  The 
resultant  reactions  and  unbalancing  effects  of  these  lead- 
ing and  lagging  currents  have  precisely  the  same  effect 
on  the  generating  system  as  the  single-phase  alone  would 
have. 

On  the  basis  therefore  of  storing  and  restoring 
power  in  order  to  obtain  balanced  three-phase  loads 
when  delivering  single-phase,  various  possible  methods 
of  accomplishing  this  result  may  be  considered,  all  in- 
volving rotating  machinery,  that  is,  mechanical  inertia. 
The  obvious  method  is  by  means  of  a  motor-generator 
in  which  a  three-phase  motor  drives  a  single-phase  gen- 
erator, the  entire  single-phase  load  being  transformed 
from  electrical  to  mechanical,  and  then  back  to  electrical. 


*Revised  from  a  paper  read  at  the  annual  convention  of  the 
Association  of  Edison  Illuminating  Companies,  September,  1914. 


Where  entire  independence  of  the  single-phase  and 
three-phase  currents  is  desired  this,  of  course,  is  the 
ideal  method.  On  the  other  hand,  it  is  possibly  the 
least  efficient  method.  But  where  both  change  in  fre- 
quency and  change  to  single-phase  load  are  involved 
without  distortion  of  the  polyphase  load  conditions,  then 
double  transformation  of  power  appears  to  be  necessary, 
such  as  from  electrical  to  mechanical  and  back  to  elec- 
trical, or  from  electrical  to  some  other  form  of  electrical 
power,  involving  a  second  complete  transformation.  The 
motor-generator  is  an  example  of  the  first,  while  trans- 
formation from  three-phase  to  direct  current  by  a  rotary 
converter,  and  from  direct  cvuTent  to  single-phase  of 
another  frequency  by  a  second  converter,  is  an  example 
of  the  second. 

Where  the  ])ower-factor  of  the  load  is  low,  as  in 
some  electrical  furnace  systems,  one  advantage  of  the 
motor-generator  method  is  that  the  power-factors  of  the 
supply  system  and  the  load  are  absolutely  mdependent 
of  each  other. 

However,  where  the  transformation  from  three- 
phase  to  single-phase  is  at  the  same  frequency,  it  would 
appear  that  part  of  the  single-phase  load  could  be  deliv- 
ered directly  from  one  phase  of  the  three-phase  system, 
while  the  other  part  of  the  load  could  be  taken  from  the 
other  phases  and  re-transformed  in  phase  by  rotatitig 
apparatus  to  that  of  the  single-phase  load,  so  that  only 
part  of  the  load  would  thus  need  transformation.  For 
instance,  assume  that  one-third  of  the  single-phase 
jjower  is  taken  from  one  phase,  and  the  other  two 
phases  supply  power  to  a  suitably  wound  motor,  which 
drives  a  single-phase  generator  having  the  same  phase 
relation  as  the  third  circuit  of  the  three-phase  system. 
Obviously,  the  generator  could  feed  its  single-phase 
load  in  parallel  with  the  other  single-phase  circuit.  The 
three  generator  circuits  would  thus  be  equally  loaded 
and  the  single-phase  generator  of  the  motor-generator 
set  would  not  be  transforming  the  full  single-phase 
load.  This  illustrates  the  principle  of  transforming 
from  three-phase  to  single-phase  without  transforming 
the  whole  load,  but  this  particular  arrangement  of  ap- 
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paratus  is  not  a  very  practical  one.  But  the  (|ueslion 
naturally  arises  whether  this  cannot  be  done  in  a  com- 
paratively simple  manner  by  means  of  a  single  machine, 
connected  across  the  three-phase  circuit,  which  will  serve 
to  transfer  power  from  ])art  of  its  circuits  to  others  at  a 
different  phase  relation.  This  ])rinciple  has  been  util- 
ized in  the  past  to  transform  from  single-phase  to  poly- 
phase, and  in  the  same  ajjjjaratus  the  operation  has 
proven  to  be  reversible.  It  may,  therefore,  be  consid- 
ered as  settled  that  such  transformation  is  possible  and 
practicable. 

I''undamenlally,  the  action  of  phase  balancing  is  as 
follows : — When  a  single-phase  load  is  taken  from  a 
polyphase  circuit,  it  lends  to  distort  the  phase  relations 
in  the  latter  circuit.  .\ny  synchronous  or  induction 
type  polyphase  motor  connected  to  a  disiorted  jkj'v- 
phase  circuit  will  act  in  such  a  way  as  to  have  a  balanc- 
ing effect  on  its  supply  system.  Any  such  motor  will 
naturally  tend  to  do  this,  for  the  motor,  with  its  own 
balanced  phase  relations  will  tend  to  take  current  and 
load  in  accordance  with  the  sup])Iy  voltages — that  is. 
it  will  tend  to  take  more  from  the  higher  voltages,  and 
if  the  ])ower  talcen  from  the  liigher  circuits  exceeds  the 
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load  or  losses  of  the  motor  itself,  then  the  excess  is  fed 
back  into  the  lower  vohage  circuits.  It  thus  has  a  b;d- 
ancing  action  on  the  supply  circuit.  This  is  the  natural 
tendency  of  all  ])oly])hase  synchronous  and  induction 
ty])es  of  rotating  machines  when  connected  to  a  sup- 
ply circuit.  Ilowever.  in  tlie  motor  itself,  this  tendency 
to  correct  the  unbalancinj;'  of  the  supply  circuit  will 
be  accompanied  Ijy  a  corres])on(ling  tendency  inside 
the  motor  itself  to  distort  its  own  internal  jjhase 
relations  until  they  match  tho.se  of  the  supply  system. 
But  if  the  distortion  of  the  phase  relations  inside 
the  motor  can  be  prevented  or  neutralized  in  any  man- 
ner, then  the  motor  will  transfer  loads  between'  its 
phases  or  circuits  to  such  an  extent  that  it  will  correct 
the  unl)alancing  of  the  polyphase  system.  -  In  other 
words,  if  balanced  three-phase  potentials  are  held  at 
the  i)oint  of  delivery  of  single-])hase  load,  then  the 
three-])hase  supi)ly  system,  up  to  that  point,  will  be  bal- 
anced. The  oi)eration  of  the  various  phase-balancing 
methods  therefore  lies  in  correcting  the  effects  of  the 
internal  jihase  distortions  in  the  phase-balancing  motor. 


whether  it  be  of  the  induction  or  of  the  synchronous 
type. 

The  action  of  a  phase-converting  device  in  a  simple 
form  can  probably  be  shown  best  by  an  arrangement 
used  in  railway  work  for  converting  from  single-phase 
to  balanced  three-phase,  and  from  three-phase  to  single- 
phase  when  acting  regeneratively. 

Fig.  I  illustrates  such  an  arrangement,  consisting 
of  a  transformer,  a  phase  splitter,  and  single  and  three- 
phase  circuits.  The  transformer  is  connected  across 
the  single-phase  circuit,  which,  for  simplicity,  also  is 
shown  as  one  phase  of  the  three-phase  circuit.  The 
phase  s])litter  has  one  phase  connected  across  the  same 
phase  as  the  transformer ;  while  its  other  phase,  which 
is  wound  in  90-degree  relation  to  the  former,  has  one 
end  connected  to  some  intermediate  point  of  the  trans- 
former, and  its  other  is  connected  to  the  third  phase  of 
the  three-phase  circuit. 

The  voltage  relations,  both  without  and  with  load, 
when  transforming  to  three-phase,  are  indicated  in  Fig. 
2.    Tn  this  diagram,  ah  represents  the  single-phase  e.m.f. 


ric.  2 — voi.TAr.i-;  coxurnoxs  ix  thk  circuits  i.vdic.ntei)  ix  i'ig.  1 
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delivered  to  the  transformer.  The  line  fc  represents 
the  e.m.f.  generated  in  jihase  2  of  the  phase  splitter,  this 
being  86.6  percent  of  ab.  Therefore,  with  fc  at  right 
angles  to  ab,  lines  ac,  be  and  ab  are  cfjual,  and  a  balanced 
three-phase  circuit  is  obtained  at  the  three-phase  ter- 
minals. 

Xcxt.  assuming  that  a  three-phase  load  is  carried, 
then,  due  to  internal  distortions,  fc  is  both  retlnced  in 
value  and  shifted  in  ])hase  to  the  |)osition  fd.  The  three- 
])base  voltage  relations  are  then  indicated  by  <//',  ad  and 
/'(/.  To  correct  this  distorted  condition,  assume  (  i )  that 
the  e.m.f.  across  phase  i  of  the  phase  converter  is  in- 
creased snfiiciently  to  increase  the  e.m.f.  of  phase  2,  so 
that  it  will  be  represented  by  fc,  instead  of  fd,  the  in- 
crease being  such  that  a  line  connecting  c  and  e  will  be 
parallel  with  1;/'.  Then  assume  (J)  that  the  connection 
at  /  is  moved  along  ab  to  a  point  g  such  that  fg  equals 
cc.  This  brings  terminal  c  to  the  jiosition  c.  and  the 
internal  ]ih;ise  relations  will  then  be  such  that  i)alanced 
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e.ni.f.'s,  corresponding  to  ab.  ac  and  be.  will  be  delivered 
to  the  three-phase  circuit  when  carrying  load,  and  the 
three-phase  circuit  will  necessarily  carry  balanced  three- 
phase  load,  although  the  source  of  power  is  single  phase. 
In  Fig.  3  is  shown  a  similar  arrangement,  except  that 
the  transfer  of  power  is  from  three  phase  to  single 
phase,  using  the  same  apparatus  as  in  Fig.  2.  As  in  Fig. 
2,  ab.  ac  and  be  represent  three-phase  balanced  voltages, 
or  the  no-load  condition.  \\'ith  load,  the  conditions  are 
the  reverse  of  those  in  Fig.  2.  The  voltage  fc  is  shifted 
in  phase  with  respect  to  ab,  but  in  the  opposite  direction. 
Also  ab  is  shortened  with  respect  to  fc.  The  unbalanced 
phase  relations  can  therefore  be  represented  by  the  tri- 
angle (7j,  ?',,  d.  Therefore,  if  aj\  is  to  be  maintained 
at  the  value  ab,  then  fd  will  be  increased  proportionately 
to  /(/,.  and  the  relations  are  represented  by  the  triangle 
abd-^.  This  triangle  therefore  has  to  be  corrected  to  cor- 
resposd  with  the  balanced  diagram  abc.  This  can  be 
done  by  (  i)  reducing  the  e.m.f.  of  i^hase  two  of  the 
phase  converter  ( l:>y  reducing  jihase  one,  for  instance  ) . 


-^1 


FIG.    3 — VOLT.\GE  REL.\TIOXS    WHEN   TRANSFORMING   THREE- 
PH.\SE    TO    SINGI,E-PH.\SE 

and  by  (  2  )  moving  /  to  g.  This  brings  d^  in  coincidence 
with  c  and  a  balanced  three-phase  condition  then  results. 

It  is  obvious  in  Fig.  2  that  the  addition  of  an  e.m.f. 
at  the  terminal  d  corresponding  in  value  and  direction 
to  the  line  cd  would  have  corrected  to  a  balanced  condi- 
tion for  the  assumed  load  and  power-factor.  Also,  in 
Fig.  3,  a  correcting  e.m.f.  rfjC  would  have  accomplished 
the  desired  result.  In  the  actual  diagrams,  instead  of 
supplving  this  correcting  e.m.f.  directly,  it  was  obtained 
indirectly  by  combining  two  right  angle  e.m.f.'s  of  suit- 
able value  and  direction,  these  two  being  readily  obtain- 
able in  the  arrangement  shown.  However,  the  illustra- 
tion shows  how  a  single  correcting  e.m.f.  of  proper 
phase  and  value  can  correct  from  a  distorted  three-phase 
system  to  a  balanced  system. 

Instead  of  the  above  special  arrangement  for  chang- 
ing from  three-jjhase  to  single-phase,  any  standard  tyjie 
of  three-phase  motor,  either  synchronous  or  induction, 
could  be  used  for  phase  balancing  by  the  addition  of  a 
suitable  correcting  e.m.f.  in  one  of  the  phases,  and  if 
this  correcting  e.m.f.  is  of  such  value  and  direction  as 


to  maintain  balanced  e.m.f.'s  across  the  three  termi- 
nals, then  the  ])hase-balancing  motor  will  correct  the 
single-])hase  load. 

If  an  induction  motor  is  used  as  a  phase  balancer 
under  the  above  conditions,  then  it  will  simply  serve  as 
a  phase  converter,  but  has  no  ability  to  correct  or  ad- 
just the  power-factor.  If  the  phase  balancer  is  of  the 
synchronous  type,  however,  it  can  be  adjusted  and  con- 
trolled to  act  as  both  a  phase  converter  and  a  power- 
factor  corrector.  If  the  single-phase  load  to  be  carried 
is  at  a  relatively  low  power-factor,  then  it  will  exert  a 
demagnetizing  effect  upon  the  phase  balancer  which 
must  be  taken  into  account  when  the  e.m.f.  phase  re- 
lations are  adjusted  for  proper  balancing.  This  means 
that  the  field  excitation  of  the  phase  balancer  must  be 
increased  sufficiently  to  overcome  the  demagnetizing 
tendency  of  the  single-phase  load.  This  increase  in 
field  excitation  will  tend  to  increase  the  e.m.f.'s  of  all 
the  armature  circuits  but,  as  one  winding,  when  bal- 
anced conditions  are  obtained,  will  carry  practically  all 
the  wattless  current  corresponding  to  the  single-phase 
load,  while  the  others  w'ill  be  carrying  power  only  (on 
the  assumption  that  100  percent  power-factor  is  main- 
tained on  the  three-phase  system)  the  effect  of  the  in- 
ternal self-inductions  of  the  phase  balancer  will  be  such 
that  the  resultant  e.ni.f.'s  of  some  of  the  windings  will 
be  increased  to  a  greater  extent  than  others  when  the 
field  excitation  is  increased.  Therefore,  when  correcting 
for  inductive  loads,  a  different  value  and  direction  of 
the  correcting  e.m.f.  is  necessary  than  would  be  re- 
quired for  single-phase  loads  without  jjower- factor  cor- 
rection. 

It  is  obvious  from  the  above  that  what  is  needed  for 
obtaining  balanced  conditions  and  corrected  power- fac- 
tor on  the  polyphase  system  when  carrying  a  low 
power-factor  single-phase  load,  is  a  suitable  synchron- 
ous motor  acting  as  a  phase  balancer  in  connection  with 
some  auxiliary  means  for  introducing  a  correcting  e.m.f. 
which  should  vary  in  value  and  direction  with  the  load 
and  power- factor. 

There  are  various  ways  by  which  this  result  can  be 
accomplished.  To  illustrate:  It  may  be  assumed  that 
the  desired  correcting  e.m.f.  may  be  obtained  by  means 
of  a  small  synchronously-running  booster  which  is  con- 
nected in  series  with  one  phase  of  the  phase  balancer. 
The  value  of  this  e.m.f.  can  be  varied  by  varying  the 
field  excitation  of  the  booster  tield.  The  phase  rela- 
tion of  this  booster  e.m.f.  can  be  regulated  in  various 
manners,  as,  for  instance,  by  mechanically  shifting  the 
tield  structure  circumferentially  with  respect  to  the 
armature.  Or,  the  armature  of  the  booster  might  have 
two  fields  side  by  side,  but  with  their  [joles  displaced 
circumferentially  90  degrees  with  respect  to  each  other. 
Then,  by  separate  adjustment  of  the  excitations  of  the 
two  fields  up  and  down,  or  reversed,  the  e.m.f.  generated 
by  the  booster  armature  can  be  given  any  desired  direc- 
tion or  value.  Or,  instead  of  two  fields  side  by  side,  a 
single  field  structure  can  be  used  in  the  booster,  with 
two  exciting  windings  overlapping  or  displaced  90  de- 
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grees  with  respect  to  each  other,  hkc  the  primary  wind- 
ings of  a  two-phase  induction  motor.  By  proper  ad- 
justment of  the  exciting  current  in  these  two  windings, 
the  same  results  as  with  two  fields  side  by  side  may  be 
obtained.  With  the  booster  e.m.f.  thus  under  control, 
it  is  obvious  that  any  desired  phase  or  voltage  correc- 
tion can  be  obtained  in  the  phase  balancer.  There  are 
various  other  ways  of  obtaining  the  corrective  e.m.f., 
such  as  by  induction  regulators,  etc.,  but  the  above  is 
sufficient  to  illustrate  the  general  arrangement  or 
method  of  operation.  Mr.  E.  F.  W.  Ale.xanderson*  has 
also  proposed  a  method  of  accomplishing  this  result. 

The  very  considerable  complication  of  such  methods 
of  phase  balancing  may  be  necessary  where  widely 
fluctating  loads  and  non-related  variations  in  Dowcr- 
factor  are  encountered.  In  such  cases,  automatic  \-oit- 
age  regulations  can  be  used  in  connection  with  the  main 
and  the  booster  fields  to  obtain  the  desired  corrective 
action.  However,  combination  of  the  .synchronous  ma- 
chine and  its  booster,  or  boosters,  requires,  as  a  rule, 
considerably  less  total  apparatus  than  a  straight  motor- 
generator,  and  the  losses  should  also  be  materially  less. 

However,  where  the  single-phase  load  conditions 
are  not  too  widely  fluctuating,  it  is  possible  to  use  much 
sim]iler  arrangements.  In  electric  furnace  work  the 
single-phase  load  and  power-factor  may  be  almost  con- 
stant when  the  load  is  on.  In  such  cases,  phase  splitting 
may  be  accomplished  in  a  fairly  simple  and  effective 
manner  by  a  single  synchronous  machine,  either  with 
or  without  a  small  additional  autotransformer,  and  with 
suitable  taps  and  switches  for  varying  certain  voltage 
relations. 

In  synchronous  phase  balancers  there  is  a  very  con- 
siderable magnetic  action  on  the  field  poles  and  struc- 
ture by  the  armature  winding  when  carrying  load,  un- 
less the  field  poles  are  equipped  with  ample  cage  damp- 
ers similar  to  those  required  on  the  fields  of  large  sini^lc- 
phase  generators.  If  these  dampers  are  of  pro])er  ])ro- 
portions,  the  pulsating  effect  of  the  armature  on  the 
field  can  be  suppressed  with  comparatively  small  loss  in 
the  dampers.  However,  the  alternative  of  such  ma- 
chine, namely,  the  straight  motor-generator,  nuist  also 
have  heavy  dampers  on  its  single-phase  element,  so  this 
does  not  change  the  relative  efficiencies  of  the  two 
methods. 

When  power-factor  correction  is  required,  as  well 
as  phase  balancing,  then  the  size  or  capacity  of  the  phase 
balancer  will  depend  to  a  certain  extent  upon  the 
amount  of  power-factor  correction.  As  it  may  be  of 
interest  to  know  what  capacity  of  phase  balancer  is  re- 
quired in  terms  of  single-phase  load,  the  approximate 
curves  show-n  in  Fig.  4  have  been  worked  out  for  dif- 
ferent power-factors,  showing  the  capacity  (three- 
phase)  required  in  phase  balancers  for  each  i  000  k.v.a. 
single-phase  load  taken  ofT.  The  ordinates  represent 
power-factors  of  the  single-phase  load,  while  the  ab- 
scissae show  the  k.v.a.  ratings  of  the  phase  balancers 


required  at  various  three-phase  power- factors.  The 
I)hase  balancing  k.v.a.  is  given  in  terms  of  three-phase 
capacit)' — that  is,  the  capacity  which  the  machine  would 
have  as  a  three-phase  generator,  with  a  current  rating 
corresponding  to  the  largest  of  the  unbalanced  currents 
in  its  three  phases.  In  other  words,  this  rating  is  on 
the  basis  of  maximum  local  losses,  instead  of  averaging, 
and  thus  represents  the  most  severe  condition.  The 
capacity  of  the  booster  or  other  apparatus  for  supply- 
ing the  correcting  e.m.f.  is  not  included.  This  can  be 
assumed  roughly  as  about  15  percent  of  that  of  the 
phase  balancer,  whether  it  is  a  separate  piece,  such  as  a 
sejjarate  booster  or  transformer,  or  is  obtained  in  the 
balancer  windings. 

These  curves  show  that  usually  there  is  considerable 
saving  in  capacity  of  apj^aratus  in  the  use  of  a  phase 
balancer,  as  compared  with  a  straight  luotor-generator 
\\here  power-factor  correction  is  not  important.  For 
example,  assume  a  single-phase  load  is  ai  70  percent 
power-factor,  while  the  corresponding  threc-])hasc  bal- 
anced jjowcr  is  to  be  held  at  the  same  jiower- factor. 
From  the  table,  the  approximate  capacity  of  the  phase 
balance  is  i  000  k.v.a.  .Adding  15  percent  for  the 
booster,  gives  i  150  k.v.a.  as  the  total  balancing  capac- 
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♦"Phase  Balancer  for  Single-Phase  Load  on  Polyphase  Sys- 
tems." by  Mr.  E.  F.  W.  .A.lexan(lerson,  General  Electric  Reviciv, 
December,  191,?. 


I-IG.   4 — CURVES    SHOWING   THE   BALANCING   CAPACITY   REQUIRED 
(three-phase)    for   each    1  000   K.V.A.   OF   SINGLE-PHASE  LOAll 

ity  required.  Com])aring  this  with  a  straight  motor- 
generator,  the  driving  motor  will  have  a  normal  capac- 
ity of  700  kw  approximately,  while  the  i  000  k.v.a. 
single-phase  generator  would  a]iproximately  correspond 
in  capacity  to  a  i  500  k.v.a.  three-phase  machine — thus 
requiring  a  total  of  2200  k.v.a.,  compared  with  i  150 
k.v.a.  for  the  phase  balancer.  The  latter  means,  there- 
fore, materially  less  expensive  apparatus — also  more 
efficient.  It  may  be  noted  throughout  that  where  there 
is  no  correction  of  power-factor,  the  balancer  capacity 
in  k.v.a.  will  be  equal  to  the  k.v.a.  of  the  single-phase 
load.  If,  however,  in  the  above  example,  70  percent 
single-phase  power-factor  is  to  be  corrected  to  90  per- 
cent in  the  three-phase  circuit,  then  the  balancer  capac- 
ity will  be  I  390  k.v.a.  Adding  15  percent  for  the  cor- 
recting booster  gives  i  600  k.v.a.  against  2  200  k.v.a. 
for  the  motor-generator. 

The  phase  balancer  therefore  apparently  does  not 
correct  for  power- factor  as  advantageously  as  the 
straight  motor-generator.  Also,  where  automatic  cor- 
rection of  power-factor  is  desirable,  the  motor-genera- 
tor arrangement  is  somewhat  less  complicated. 


The  Lake  Spaulding-Drum  Power 

Development 

OF  THE  PACIFIC  GAS  &  ELECTRIC  COMPANY 

THE  TOUR  D  "Pink  Special"  train  to  the  National  Electric  Light  Association  Convention  at  San  Francisco 
will  stop  over  on  June  6th  to  allow  an  inspection  of  the  Lake  Spaulding  dam  and  the  Drum  hydro-electric 
power  station  of  the  Pacific  Gas  &  Electric  Company,  which  are  briefly  described  lierein. 


THE  PACIFIC  GAS  &  ELECTRIC  COMPANY 
operates  ten  hydro-elec?tric  power  plants  having 
an  aggregate  capacity  of  120000  horse-power, and 
four  steam-electric  plants  having  a  capacity  of  no  000 
horse-power.  There  are  152000  consumers  having  a 
total  connected  load  of  438000  horse-power,  and  a  total 
of  1260  miles  of  transmission  lines,  requiring  19  000 
miles  of  wire  for  transmission  and  distribution  of  cur- 
rent. It  is  interesting  to  note  that  some  50000  horse- 
l)ower  of  the  connected  load  is  used  for  agricultural  pur- 
poses. The  area  supplied  by  the  company  equals  37  775 
square  miles,  comprising  thirty  of  California's  fifty-eight 
counties  ami  including  175  cities  and  towns. 


to  95  inches,  about  three-fourths  of  which  is  available 
for  power  purposes,  the  maximum  runoff  being  over 
450000,  and  the  minimum  about  200000  acre-feet. 

Lake  Spaulding,  the  largest  storage  reservoir  of  this 
system,  is  formed  by  a  concrete  arched  dam  of  the 
variable  radius  type,  located  in  the  valley  of  the  South 
Fork  of  the  Yuba  River  near  Smart,  California.  When 
completed  this  will  be  the  highest  dam  above  the  river 
bed  in  the  world  ;  its  final  height  being  305  feet,  width 
at  bottom  185  feet,  width  at  crest  14  feet,  length  of  crest 
900  feet.  However,  the  dam  has  been  put  into  service 
for  the  present  at  a  height  of  225  feet ;  hence  only  the 
portions  shown  shaded  in  Mg.  3  are  completed.     At  its 
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I — VII.W  OF   HAM    AND  I..\KE   SP.VUI.MNG  AT  ITS   TKIiSKNT    IUH.HT 

The  building  at  the  right  was  used  for  mi.xing  concrete. 


Of  these  hydro-electric  developments,  the  newest  present  height  the  storage  capacity  is  44000  acre-feet, 
and  most  interesting  is  the  Lake  Spaulding-Drum  de- 
velopment, which  embraces  the  entire  watershed  of  the 
South  Fork  of  the  Yuba  River  aljove  Lake  Spaulding, 
representing  what  is  probably  the  most  complete  exploi- 
tation of  a  watershed  in  this  country. 

One  of  the  notable  features  of  the  develojiment  of 
this  watershed  is  the  succession  of  drops  available  at 
high  head,  and  the  large  storage  of  the  flood  waters, 
which  is  made  available  during  about  one-third  of  the 
year  when  the  natural  flow  is  too  small  for  the  comi)Iete  The  weight  of  the  water  is,  therefore,  carried  by  the 
utilization  of  the  power  plants.  The  area  of  the  water-  dam  as  an  arch,  and  the  stresses  in  compression  were  all 
shed  above  Lake  Spaulding  is  over  120  square  miles,  kept  within  333  pounds  to  the  square  inch  as  a  maxi- 
The  annual  precipitation  over  this  area  varies  from  43      mum.  without  considering  the  weight  of  the  dam. 


while  the  capacity  at  the  final  height  will  be  97  000  acre- 
feet,  or  over  four  billion  cubic  feet.  This  capacity,  in 
addition  to  that  already  available,  makes  it  possible  to 
store  all  the  flood  waters  from  this  watershed  in  a  mini- 
nnnn  year. 

The  location  of  the  dam  is  ideal  in  that  not  only  is 
the  minimum  amount  of  concrete  required  but  the  walls 
converge  down  stream  in  such  a  way  that  the  water 
pressure  tends  to  wedge  the  dam  tightly  into  the  sides. 
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Sand  and  gravel   for  concrete  were  obtained    from  shown  in  Fig.  2,  to  bring  the  dam  to  tlie  225-foot  level, 

the  bed  of  the  Bear  River,  near  Colfax,  in  almost  the  Samjjlcs  of  concrete  were  taken  daily  to  be  tested  after 

correct  proportions  for  a  mixtnrc  of  one  part  of  cement,  7,  28  and  90  days,  six  months  and  a  year,  so  that  records 

2^  parts  of  sand  and  4J/2  parts  of  gravel.     .Ml  material  of  the  actual  .strength  of  the  dam,  and  the  increase  of 

except  concrete  was  carried  to  the  dam  by  two  aerial  strength  with  time  are  available. 

tramways  with  a  i  400-foot  span  of  two-inch  steel  cable.  To  ])revent  the  accumulation  of  leakage  water  under 

having  a  breaking  strength  of   170  tons.     Concrete  was  pressure  within  the  dam,  eight-inch  vertical  vent  ])ipes 


97.eoo  Aclte  fr 


FIG.  2 — SPAUI.DINC.  U.\M   DUKINO.  CO.NSTRUCTION 

carried  by  gravity  from  the  mi.xer  house,  shown  in  the 
upper  right-hand  corner  in  l"~ig.  2,  in  wooden  chutes  30 
inches  wide  by  12  inches  high,  lined  with  iron  plates,  to 
towers  located  over  the  dam,  whence  it  was  distributeil 
by  chutes  to  the  desired  points.  For  the  lower  parts 
of  the  dam  the  concrete  was  dropped  through  a  series 
of    baffles   before   being   distributed,   the   bafiles   aiding 
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1-IG.   3 — SECTIO.N'   THROUGH    Sl'.\Ui.])lNG   D.\M 

To  bring  the  dam  to  its  present  dimensions  (height.  225 
feet,  lengtli  of  crest.  580  feet),  155000  culiic  yards  of  concrete 
were  required.  During  the  month  of  August,  1913,  40485  cubic 
yards  were  placed,  2150  yards  being  placed  in  one  day. 

are  run  from  the  bottom  to  the  top  of  the  dam.  the 
joints  not  being  closed.  .\n  inspection  tunnel  also  runs 
on  a  slant  from  each  eml  of  the  dam  and  is  joined  by  a 
horizontal  tunnel  in  the  bottom  into  which  anv  leakage 


FIG.  4 — .\I.\P  OF  DRU.M   C.VN.M, 

materially  in  the  mixing.     .\s  the  dam  rose  to  the  point  water  will  be  carried.    .\  waste  outlet  is  providetl  at  the 

where  the  concrete  would  not  flow  by  gravity,  it  was  bottom  of  the  dam  with  a  band-operated  30-inch  gate 

raised  on  a  28-inch  belt  conveyor,  running  at  420  feet  valve.    To  avoid  injury  to  the  dam  from  cracks  formed 

per  minute,  to  a  tower  whence  it  could  be  distributed;  during  setting,  rnd  due  to  pressure,  radial  contraction 

later  a  second  tower  and  conveyor  were  required,  as  joints  were  loca'ed  every  80  feet  along  the  length  of  the 
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dam,  which  is  therefore  really  built  up  of  So-foot  key- 
stone concrete  blocks.  After  the  dam  assumes  its  final 
location  due  to  pressure,  these  joints  may  be  grouted  if 
necessary  to  cut  off  leakage. 

The  outlet  from  Lake  Spaulding  is  through  a  tun- 
nel bored   for  4  456   feet   through   solid  granite  at   the 


FIG.    5 — THE   DRUM    C.-^NAI, 

Average  width  at  bottom,  12  feet ;  depth,  7  feet :  capacity.  350 
cubic  feet  per  second. 

south  side  of  the  gorge,  the  intake  being  about  50  feet 
upstream  from  the  face  of  the  dam,  covered  with  a 
heavy  grating  of  steel  bars. 

The  main  discharge  tunnel  is  about  70  feet  elevation 
above  the  bottom  of  the  lake,  and  a  second  dischargi 
tunnel,  with  opening  about  lOO  feet  elevation  above  con- 
nects with  this  through  an  incline  rise.  Near  the  upper 
end  of  each  tunnel  is  a  six-foot  steel  butterfly  valve, 
operated  from  an  inspection  gallery.  At  a  distance  of 
940  feet  from  the  tunnel  opening  an  excavation  near  the 
surface  provides  space  for  a  power  house,  in  which  it 
is  proposed  later  to  install  a  6  000  kw  generator  and 
variable  head  turbine,  deriving  power  from  the  static 
head  due  to  the  dam.  Hence  this  much  of  the  discharge 
tunnel  is  concrete  lined  and  reinforced  to  withstand  the 
pressure  that  will  exist  with  the  dam  raised  to  its  final 
height  of  305  feet.  At  present  the  place  of  the  turbine 
is  taken  by  a  72-inch  butterfly  valve,  and  the  water  is 
discharged  into  a  stirge  pit,  below  the  level  of  the  main 
ttmnel,  through  two  36-inch  hydraulically-operated  pres- 
sure regulators.  The  remainder  of  the  tunnel  to  the 
Drum  Canal  is  unlined,  not  being  under  pressure.  Its 
outlet  is  at  the  head  of  Bear  \'alley,  from  which  point 
the  water  is  carried  8.5  miles  to  Drum  forebay  through 
7.5  miles  of  earth  canal,  as  shown  in  Fig.  5,  2602  feet 
of  flumes  and  3  600  feet  of  siphons. 

The  forebay  has  an  area  of  13  acres  and  a  storage 
capacity  of  400  acre-feet,  the  dam  being  constructed 
entirely  of  earth  and  clay.  From  this  point  the  water 
is  to  be  carried  to  the  power  house  in  two  pipe  lines, 
l)ut  one  of   which  has  been  installed  at  present.     The 


openings  inttj  the  pipe  lines  are  formed  by  reinforced 
concrete  with  steel  gratings  to  prevent  the  entrance  of 
any  refuse  matter.  The  pipe  lines  leave  the  forebay 
through  a  328-foot  tunnel,  just  beyond  which  is  placed 
a  six-foot  butterfly  valve. 

The  pressure  pipe  line  is  6  282  feet  long  and  develops 
a  static  head  of  i  375  feet.  The  pipe  is  of  low  car- 
l.ion  open-hearth  steel ;  it  varies  from  one-fourth  inch 
thickness  at  the  top  to  one  and  one-fourth  inches  at  the 
power  house,  and  includes  three  million  pounds  of  steel. 
It  has  a  diameter  at  the  top  of  six  feet,  tapering  through 
66  inches  and  60  inches  to  52  inches  at  the  power  house, 
rmd  has  a  ca]iacity  of  300  second-feet.  There  are  three 
expansion  joints  of  the  slip  type  packed  with  hemp. 
Relief  valves  are  placed  at  three  points  in  the  pipe  and 
two  heavy  concrete  anchors  are  located  at  sharp  ttn-ns. 

The  penstock  terminates  in  cast  steel  Y-pieces,  each 
branch  being  again  divided  by  secondary  Y-pieces  for 
the  individual  turbines  on  each  generator.  The  main 
gate  valves  have  36-inch  openings  and  are  operated  by 
reversible  impulse  water  wheels. 

The  Drum  power  plant  is  a  steel  frame  concrete 
structure,  Fig.  6,  located  on  the  Bear  River,  and  is  208 
feet  in  length,  jj  feet  wide  and  62  feet  high.  It  is  de- 
signed for  an  ultimate  capacity  of  50000  k.v.a.  consist- 
ing of  four  Westinghotise  water  wheel  generators  of 
12  500  k.v.a.  capacity  each,  two  of  which  are  installed 


FK;.   6 — DRUM   POWER   HOUSE 

Pipe  line  in  background.     One  of  the  concrete  anchors  is  seen 
just  beyond  the  power  house. 

at  present.  These  generators  are  wound  for  6  600  volts, 
three-phase,  60  cycles,  and  operate  at  a  speed  of  360 
r.p.m.  They  are  especially  interesting  on  account  of  the 
very  low  temperature  rating,  the  teinperaturc  rise  at 
continuous  full  load  not  exceeding  40  degrees  C,  where 
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the  room  tenii^craturc  is  25  degrees  C:  this  was  s])ecilie(l 
because  the  generators  are  expected  to  carry  full  load 
continuously  during  that  period  of  the  year  when  the 
air  temperature  will  be  40  to  45  degrees  C.  The  gen- 
erator windings  are  heavily  braced  to  prevent  distortion 
on  account   of   short-circuit,  the  end  comieclions  being 


wheels  which  are  mounted  one  on  each  side  of  each 
generator.  The  wheel  centers  are  of  the  double-disc 
type,  and  have  17  buckets  mounted  on  the  ])eriphery. 
The  water  wheels  are  equipped  with  needle  deflecting 
nozzles  operated  by  governors  of  the  oil-pressure  type. 
The  governing  may  he  operated  at  any  desired  speed 
with  perfect  safety.  The  size  of  the  jets  is  regulated 
1>\  needle  valves  controlled  by  motors  operated  from 
the  switchboard. 

The  excitation  system  is  supplied  from  W'cslinghouse 
niutor-generator  sets  operating  at  a  full-load  speed  of 
495  r.p.m.,  each  consisting  of  a  400  kw,  125  volt  shunt- 
wound  generator  mounted  on  a  common  shaft  and  bed- 
plate with  a  600  horse-power,  2200  volt,  14  pole  induc- 
tion motor.  They  are  unique  in  that  a  Pelton  water 
wheel  is  mounted  on  the  shaft  of  each  set,  so  that  in  the 
event  of  a  momentary  failure  of  the  main  voltage  the 
water  wheel  immciliately  takes  the  load  and  runs  each 
set  at  its  proper  speed,  so  that  the  excitation  voltage  will 
not  be  lost. 

.\s  shown  in  Fig.  8,  the  switchboard  is  mounted  on 
a  gallery  in  the  center  of  the  room  ten  feet  aljove  the 
main  floor.     It  consists  of  a  remote  control  benchboard 
FIG.  7-GENKRAToR  AUMAtrKK  WINDING  AND  coii.  BRACING  f^^ciug  the  main  Operating  room  and  controlling  the  gen- 

erator and  feeder  circuits,  and  ;i  jianelboard  in  the  rear 
held  against  attraction  to  the  core  by  a  steel  ring  sup-  for  the  exciters  and  au.xiliaries.  On  each  side  of  the 
])orted  by  iron  brackets,  and  against  mutual  attraction  switchboard,  in  separate  concrete  compartments,  are 
and  repulsion  bv  two  rows  of  si)acing  blocks,  as  shown  located  the  oil-insulated,  water-cooled  6600  to  72  000 
in  Fig.  7.  The  rotor  of  the  generators  is  made  up  of  volt  transformers,  which  are  connected  in  star  to  give 
three  nickel  steel  discs,  each  of  which  was  built  up  125000  volts  for  transmission.  Taps  are  provided  in 
from  two-inch  steel  plates;  the  discs  are  placed  side  by  the  high-tension  winding  for  120000,  115  000  and  no- 
side  and  the  lield  coils  are  dovetailed  about  their  peri-  000  volts.  In  the  rear  of  the  transformer  compartments 
phery.  This  construction  gives  maximum  strength  and  on  a  gallery  at  the  same  level  with  the  switchboard  are 
also  ir.a.\iiuuiii  flywheel  effect.  The 
weight  of  the  rotating  ])art  is  aj)- 
proximately  147000  pounds,  hav- 
ing a  flywheel  effect  of  nearly  two 
million  ])ounds  at  one  foot  radius, 
and  it  is  designed  to  withstand  100 
percent  over  speed  without  d.-mger- 
ous  stresses.  To  kee))  the  rotor 
tight  on  the  shaft  at  high  speeds, 
the  hub  was  bored  eight  mils 
smaller  than  the  shaft.  It  was  esti- 
mated that  1000  tons  pressure 
would  be  required  to  force  the  rotor 
on  the  shaft.  However,  this  was 
avoided  by  heating  the  entire  hub 
in  a  tank  of  boiling  water,  which 
ex]xindctl  the  bore  about  20  mils, 
and  the  shaft  was  then  simply  low- 
ered into  the  hub.  Fans  are  pro- 
vided on  each  end  of  the  rotor 
which    draw   cooling   aii     from   the  nc.  8 — the  finished  half  of  drum  power  house 

tail  races  and   force  it  through  the  armature  windings     ]>laced  the  remote  control  solenoid-operated  oil  switches 
and  fields.  for  the  generators  and  bus-bars.     The  high-tension  bus 

The  hollow  steel  shaft  extends  beyond  both  bearings     structure  is  mounted  above  the  transformers  and  low- 
to  carr\  the  runners  of  I O  ooo  horse-power  Pelton  water     tension  switches. 
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FIG.  9 
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FIG.    10 — PROFILE  OF  THE  DEVELOPMENTS  ON  THE  SOUTH   YUB.\  AND  BE.'^R  RIVERS 


1  he  water  which  is  dis- 
charged from  the  Drum 
power  plant  is  at  an  eleva- 
tion of  over  3  200  feet. 
When  the  development  is 
completed  it  will  be  divert- 
ed from  this  point  into  a 
canal  on  the  northern  bank 
of  the  Bear  River,  which 
has  a  length  of  8.5  miles  to 
power  house  No.  2,  which 
will  be  placed  on  the  north 
side  of  Bear  River.  At  this 
point  there  is  a  fall  of  826 
feet.  No.  2  power  plant 
will  consist  of  two  units  of 
12  500  k.v.a.  each.  The  dis- 
charge water  from  this 
plant  will  again  be  taken  up 
and  a  third  canal  on  the 
same  side  of  the  river  will 
continue  a  distance  of 
seven  miles  to  No.  3  power 
house,  where  a  fall  of  500 
feet  will  be  possible.  No.  3 
plant  will  consist  of  two 
units  of  8000  k.v.a.  each. 
From  No.  3  power  house 
the  water  will  be  allow^ed  to 
discharge  into  Bear  River, 
and  will  follow  this  stream 
for  a  distance  of  2.7  miles 
before  again  being  diverted 
into  a  24-mile-long  canal  to 
No.  4  regulating  reservoir, 
which  has  a  capacity  of  885 
acre-feet.  This  reservoir 
will  serve  both  as  a  small 
storage  on  the  line  of  the 
canal  and  also  as  a  forebay 
for  power  plant  No.  4, 
where  a  drop  of  342  feet  is 
available,  and  which  will 
have  a  single  generating 
unit  rated  at  12  500  k.v.a., 
driven  by  an  18  000  horse- 
power Francis  turbine 
water  wl.cel.  From  power 
house  No.  4  the  water  \\\\\ 
be  carried  partly  in  open 
ditch  and  partly  in  tunnels, 
aggregating  3  600  feet  in 
length,  to  a  storage  reser- 
voir having  a  capacity  of 
2  000  acre-feet  formed  bv 
a  40- foot  concrete  dam  900 
feet  long.  From  this  res- 
ervoir the  canal   will   con- 
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tinuc  for  a  distance  of  three  and  one-half  miles  to  the 
forebay  reservoir  for  power  jjlant  .\o.  5,  which  has  a 
capacity  of  40  acre- feet. 

Power  house  No.  5  is  located  at  the  edge  of  Auburn 
Ravine  about  one  and  one-half  miles  below  the  City  of 
Auburn.  Here  a  pressure  of  519  feet  is  available 
through  a  pipe  line  8  555  feet  long,  probably  the  longest 
line  of  its  kind  in  this  country.  This  plant  will  have  a 
water  wheel  capacity  of  19000  horse-power  connected 
to  one  15000-k.v.a.  main  generating  unit.  Water  from 
this  plant  will  be  carried  through  a  canal  four  and  one- 
half  miles  to  power  house  No.  6,  where  a  drop  of  450 
feet  into  .Auburn  Ravine  is  available;  in  this  plant  one 


FIG.  II — SP.VUI.UING  D.\M  AND  SPILLWAY  AT  PRESENT 

Showing  steps  and  bond  rails  provided  for  raisiiiR  the  dam  to 
its  final  height. 

generating  unit  of  10  000  k. v. a.  capacity  will  be  installed. 
The  water  discharged  from  No.  6  plant  is  at  an  altitude 
of  430  feet  and  will  be  available  for  irrigating  some 
75  000  acres  of  foothill  land,  only  a  small  part  of  which 
is  now  under  irrigation. 

The  total  head  available  for  power  purposes  in  the 
complete  development  is  over  4  000  feet.  In  addition  to 
the  Drum  power  house,  the  foundations  have  been  laid 
for  four  of  the  others.  A  profile  of  the  complete  devel- 
opment is  shown  in  Fig.  10. 

The  high-tension  lines  leave  the  building  through 
large  openings  in  the  rear  of  the  power  house,  in  which 
are  placed  two  panes  of  plate  glass,  being  carried  to 
towers  and  thence  over  the  power  house  and  across  the 
canyon  to  the  first  tower  of  the  transmission  line.  Dupli- 


cate transmission  lines  are  planned,  but  only  one  has 
been  erected.  The  looooo-volt  transmission  line  has  a 
length  of  no  miles  from  Drum  to  the  Cordelia  sub- 
station, where  it  is  stepped  down  to  66000  volts  in 
single-coil  auto-transformers.  All  the  cross-country 
lines  operated  by  the  company  with  the  single  exception 
of  that  from  its  Electra  power  plant  meet  at  this  sub- 
station, which  thus  becomes  the  load  center  for  the  en- 
tire electric  system. 

Two  types  of  towers  are  used  to  support  the  trans- 
mission line,  as  shown  in  Fig.  12.  That  at  the  left,  the 
standard  tower,  is  made  in  three  sizes  weighing  4  600, 
5  300  and  7  200  pounds  respectively,  the  lightest  being 
designed  for  use  on  tangents  and  angles  of  not  over  five 
degrees,  with  standard  spans  of  about  800  feet ;  the 
medium  to  stand  a  strain  of  two  broken  wires  with  spans 
as  great  as  i  500  feet ;  and  the  heaviest  to  withstand  a 
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FIG.    12 — TOWERS  ON   THE  DRUM-CORDELIA    lOOOOO  VOLT 
TRANSMISSION    LINE 

Standard  tower  at  left;  "snow  tower"  at  right. 

dead-end  strain,  angles  of  any  degree  and  the  longest 
spans.  Their  height  is  82  feet  and  they  carry  three  arms 
which  support  the  conductors  in  a  vertical  line  from  sus- 
pension type  insulators.  The  type  of  tower  shown  at 
the  right  in  Fig.  12  is  known  as  the  "snow  tower"  and 
is  used  over  a  thirteen-mile  stretch  in  the  snow  district. 
These  are  designed  to  carry  a  dead-end  strain  or  any 
angle  or  snow  strain  which  may  be  imposed  upon  them. 
They  support  three  wires  only,  and  a  duplicate  tower 
line  will  be  built  when  the  second  line  is  installed.  The 
entire  line  took  731  towers  in  all,  on  which  were  strung 
156  miles  of  3/0  seven-strand  copper  and  174  miles  of 
267  000  cir.  mil  19-strand  aluminum  wire.  The  very 
long  spans  (the  longest  being  4056  feet)  are  of  40  per- 
cent conductivity  copper-clad  steel  wire. 

The  Drum  power  plant  was  synchronized  with  tl.. 
Cordelia  sub-station  for  the  first  time  on  November  20, 
1913,  without  the  develo])ment  of  a  single  electrical  or 
mechanical  weakness.  It  is  estimated  that  the  develop- 
ment has  cost  up  to  the  present  time  something  over 
$6000000. 


30  000  Kilowatt  Turbo-Generators 


AT  THE  SEVENTY-FOURTH  STREET  POWER  STATION  OF  THE  INTERBOROUGH 

RAPID  TRANSIT  COMPANY 

M.  C.  McNeil 

IT  IS  OFTEN  necessary  to  look  back  over  a  period  of  years  in  order  to  appreciate  fully  the  progress  which 
has  been  made  in  any  line  of  work.  This  is  particularly  true  of  the  steam  turbine,  because  the  development 
from  year  to  j-ear  has  been  so  gradual  that  the  improvements  made  have  passed  almost  unnoticed.  This 
article,  in  connection  with  the  editorial  on  "Changes  in  New  York  Power  Houses,"  by  Mr.  Charles  F.  Scott, 
appearing  on  page  221,  gives  a  vivid  impression  of  recent  progress  in  power  generation. 


IN  1901  there  were  installed  in  the  Seventy-Fourth 
Street  Station  of  the  present  Interborough  Rapid 
Transit  Coinpany  of  New  York  City,  eight  7  000 
kw  reciprocating  tmits.  These  double  horizontal- 
vertical,  cross-compound  engines  were  then  consid- 
ered representative  of  the  highest  development  in 
prime  movers  for  electric  service.  During  the  prev- 
ious year  The  ^^'estinghouse  Machine  Company  in- 


condition.  The  answer  is  found  when  a  comparison 
is  made  of  the  relative  floor  space  occupied,  the 
water  rates  obtained  and  the  attendance  required  by 
each  type  of  prime  mover. 

Four  of  these  reciprocating  engines,  having  a 
total  capacity  of  28000  kw,  are  being  removed,  and 
three  turbine  units  having  a  total  capacity  of  90000 
kw  are  being  installed  in  the  same  space.     The  ca- 
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FIG.    I — ONE   OF   THE   30  000    KII.0W.\TT    WESTINGHOUSE   TURBINES 

Interborough  Rapid  Transit  Company,   New   York  City. 


stalled  a  2  000  kw,  i  200  r.p.m.  turbine  unit  in  the 
station  of  the  Hartford  Electric  Light  Company, 
Hartford,  Conn.  This  unit  attracted  considerable  at- 
tention, because  at  that  time  it  was  the  largest  single 
cylinder  turbine  ever  built.  It  was  not  until  1905 
that  single  cylinder  turbines  were  built  comparable 
in  size  with  the  7  000  kw  reciprocating  engines.  Such 
was  the  relative  position  of  these  two  types  of  prime 
movers  only  a  few  j'ears  ago. 

While  the  steam  consumption  of  these  large  In- 
terborough reciprocating  engines  and  their  physical 
condition  are  dotibtless  as  good  today  as  when  in- 
stalled, four  of  them  are,  nevertheless,  being  broken 
up  and  sold  as  scrap,  and  steam  turbines  installed  in 
the  space  which  they  occupied.  Naturally,  the  ques- 
tion arises  why  machines  representing  such  a  large 
investment  are  scrapped  while  still  in  good  operating 


pacity  of  this  portion  of  the  power  house  will  there- 
fore be  increased  some  220  percent  without  increas- 
ing the  size  of  the  present  building.  This  is  a  matter 
of  considerable  importance  where  real  estate  is 
valued  as  highly  as  it  is  in  New  York  City,  but  of 
even  greater  importance  is  the  better  steam  economy 
obtained  with  the  turbine  units. 

The  guaranteed  water  rate  of  the  reciprocating 
engines  for  a  normal  rating  of  8000  lip,  when  oper- 
ating at  150  lbs.  steam  pressure  and  26  in.  vacuum, 
was  approximately  17.3  lbs.  per  kw-hr. 

When  operating  with  a  steam  pressure  of  200  lbs. 
gage,  120  degrees  F.  superheat  and  29  in.  vacuum, 
(referred  to  30  in.  Bar.),  the  guaranteed  water  rates 
and  Rankine  cycle  efficiencies  of  the  turbine  units 
are  as  shown  in  Table  I.  Comparison  shows  that  the 
steam  consumption  of  the  turbine  unit  per  kw-hr.  is 
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approximately  65  percent  of  that  of  the  steam  en- 
gine, each  water  rate  being  taken  at  the  point  of  best 
efficiency.  Assuming  that  the  turbines  are  operated 
three-fourths  of  the  time  at  a  load  of  25  000  k\v,  the 
annual  saving  in  fuel  alone  for  each  unit  will  amount 
to  over  $200000.  This  is  based  on  coal  costing  $3.00 
per  ton  and  an  average  cvaijoralinn  cjf  8.7  lbs.  of 
water  per  pound  of  coal. 

It  is  difficult  to  make  a  direct  comparison  of  the  labor 
required  with  the  two  types  of  prime  movers,  but  based 
on  the  operation  of  other  large  stations,  it  seems  safe  to 
say  that  the  cost  of  labor  per  kilowatt  of  output  when 
using  the  turbines  will  be  less  than  one-fourth  of  that 
required  with  the  reciprocating  engines. 

These  turbines  are  of  unusual  interest,  not  onl)- 
because  of  their   size,   liut  due  to  the   fact   that   the 


kankine  cycle  efficiency  of  75.76  percent  at  25  OOO 
kw  load,  is  the  highest  performance  ever  guaran- 
teed by  any  manufacturer.  The  first  of  these  tur- 
I  ines  has  been  operating  since  the  latter  part  of  last 
IJecemi)er,  carrying  loads  varying  from  10  000  to 
35000  kw.  While  no  official  tests  have  been  made, 
\'enturi  meter  readings  indicate  that  the  perform- 
ance guarantees  are  quite  conservative. 

The  general  ajjpearance  of  these  machines  is 
shown  by  Figs,  i  and  2.  The  steam  expansion  is  carried 
out  in  two  separate  cylinders.  This  construction  is 
nut  new,  as  several  two-cylinder  machines  were  built 
i)y  The  Westinghouse  Machine  Company  in  1903. 
The  unique  feature  of  these  large  turbines  is  that 
each  of  the  elements  drives  a  separate  alternator 
operating  at  the  most  desirable  speed  of  the  turbine. 


FIG.  2 — INSTALLATION  VIEW 
T!u'  turbine  unit  in  front  is  operating:  the  rear  one  was  being  installed  when  this  view  was  taken. 


T.ARI.K  I— GU.'KR.'WTEED  KVFICIEN'CIES  OF  THE 
THIRTY   THOUS.\ND   KW  TURBINES 


N<-t  Kw  I.,M.I 

I. lis.  of  Steam 

Rankine  Cvclc 

I'er  K\v-Hr. 

Efficiency 

1 5  000 

12  07 

70.73 

1 6  000 

11.94 

71 

51 

18  000 

11.77 

72 

54 

20000 

'I   ,■^4 

73 

98 

22  000 

1 1    40 

74 

89 

24  000 

11.30 

73 

56 

25  000 

11.27 

75 

76 

26  000 

1 1   32 

~f> 

42 

28  000 

11.47 

74 

44 

.■^o  000 

11.63 

73 

4' 

Obviously  the  cost  of  such  a  unit  is  greater  than  one 
in  which  the  complete  expansion  is  carried  out  in  a 
single  cylinder.  But  the  size  warrants  a  large  capital 
expenditure  to  obtain  the  highest  possible  economy. 

It  is  expected  that  these  units  will  be  operated 
for  the  greater  part  of  the  time  at  their  most  efficient 
load,  viz.,  25  000  kw.  Assuming  that  they  operate 
three-fourths  of  the  time  and  that  steam  is  worth  12 
cents  per  t  000  pounds,  with  six  percent  interest,  and 
a  fifteen-year  life,  one-tenth  of  a  pound  of  steam  per 
kw-lir.  rcju-csents  a  capitalization  per  machine  of 
$19000. 

It  is  quite  generally  appreciated  that  when  steam 
\olumes.  speed,  etc.  are  appropriate,  there  is  no  more 
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efficient  blading  than  the  Parsons  type.  The  vohime 
of  steam  handled  in  this  case  is  so  large  that  leakage, 
even  in  the  high-pressure  stages,  is  quite  small.  By 
carrying  out  the  expansion  in  two  elements  operat- 


FIG.    3 — SECTION    THKOUCH    THE    HIGH-PRESSURE    ELEMENT 


the  turbine  shaft.  Oil  is  supplied  to  the  governor 
and  each  bearing  in  such  a  large  quantity  that  any 
heat  generated  is  absorbed.  This  makes  water- 
cooled   bearings   unnecessary,   as   the   oil   is   cooled   by 

suitable  water  coils  placed 
in  the  oil  reservoir. 

Impellers  similar  to  those 
of  a  small  centrifugal  pump 
are  mounted  on  each  end  of 
the  shafts  and  rotate  in  an- 
nular chambers  surround- 
ing the  openings  through 
which  the  shafts  project. 
Water  is  fed  to  these  cham- 
Ijers  and  under  the  action 
of  centrifugal  force  builds 
up  fluid  rings  between  the 
bronze  runners  and  the  tur- 
bine casing.  This  forms  an 
absolutely  tight  packing 
and  one  which  does  not 
cause  any  wear  of  the  shaft. 
The  phosphor  bronze 
l)lading  is  of  tapered  see- 
ing at  ditlerent  speeds,  no  compromise  in  blade  tion  having  some  40  percent  greater  cross-sectional 
speeds  is  necessary.  area  at  the   root  than   at  the  tip.     This   prevents  the 

The  governor  on  the  high  pressure  end  controls  concentration  of  the  stresses  at  one  point  and  has 
the  speed  of  both  elements.  Such  an  arrangement  been  found  to  greatly  increase  the  life  and  reliability 
gives  variable  back  pressure  on  the  high  pressure  ^f  the  blading.  \"ibration  of  the  blades  is  prevented 
section,  thus  insuring  best  efficiency  at  varying  loads  by  means  of  a  "comma"'  lashing.  The  blades  are 
&s  well  as  at  rating.  The  generators  are  permanently  punched  with  comma  shaped  holes,  and  a  wire  of  the 
connected  by  cables  so  the  two  elements  operate  in  same  section  is  threaded  through  these  holes.  After 
parallel,   the   low-pressure   element   carrying   all    the      the  blades  are  gauged,  the  part  of  the  lashing  wire 

load  it  may  with  the  steam  delivered  

to  it  by  the  high-pressure  element. 
The  unit  is  started  up  by  establishing 
the  field  charge  on  both  generators  and 
opening  the  throttle  valve,  thus  bring- 
ing the  two  elements  up  to  speed  to- 
gether and  in  parallel,  after  which 
they  are  synchronized  as  a  single  unit. 
In  service,  the  loads  are  equal  on  each 
element  at  the  maximum  load  ;  at  frac- 
tional loads,  the  high  pressure  element 
carries  slightly  higher  loads  than  does 
the  low.  The  steam  pressure  at  the 
low-pressure  inlet  is  10  lbs.  absolute 
at  16000  kw ;  14  lbs.  absolute  at  25000  kw ;  and  18  lbs.  that  in  section  corresponds  to  the  tail  of  the  comma 
absolute  at  30  000  kw.  is  curle<l  over,  forming  a  rigid  separator  or  distance 

The    governor    used    is    of    the    standard    fly-ball      i)iece  between  the  blades, 
type,  driven  from  the  turbine  spindle  by  means  of  worm  The  blades  have  a  foot  forged  on  the  end  which 

gearing.  .Although  an  oil  relay  is  used,  the  governor  fits  in  the  floor  of  the  main  groove  of  the  blade-carrying 
itself  is  quite  powerful,  insuring  sensitive  regula-  element.  The  spacers  between  the  blades  are  dovetailed 
tion.  All  wearing  parts  of  the  go\ernor  are  enclosed  to  correspond  with  the  dovetailing  of  the  main  groove, 
and  provided  with  forced  lubrication.  thus   completely   interlocking  the  blading  and   render- 

The  bearings  are  of  the  simplest  construction,  be-      ing   the   attachment   as   strong   as   the   blades    them- 
selves. 

The  high  pressure  end  of  these  units  i)])eratcs  at 
I  500  r.p.m.  and.  as  shown  by  Fig.  3,  is  of  the  single- 


FIG.   4 — HICH-PEESSURE   SPIXDLE 


ing  merely  babbitt-lined  cast-iron  shells.  A  flood  of 
oil  is  supplied  to  a  groove  that  runs  along  the  top. 
For  circulating  the  oil,  a  gear  pump  is  dri\-en   from 
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flow  type.     Its  construction  is  the  same  as  that  of     many  times  those   possible   with   ordinary  bearings, 
many  "hun(h-eds  of  machines  which  are  in  operation,      may  l)e  carried  with  perfect  safety.     Careful  obser- 
(liffering  only  by   reason   of  the   very   rugged   blade 
])r()porlions  ])ro\'idcd   for  noncnndensin.s,^  service. 

(  )r(linarilv   it   is  necessarv.   in   a   single-flow   reac- 


\ations    made    mi    a    l:)earing   tested    to    destruction, 


I'lG.    5 — SHOP   VIEW    OF    RECEIVER-SKTAKATOK 

Tlic  peculiar  construction  was  necessitated  by  existing  local 
conditions. 

tion  turbine,  to  balance  the  end  thrust  by  means  of 

dummy    ijistons   having   approximately   the   same   area 

as  the  blade  drums.     This  construction,  due  to  possi- 

liie  (listDrtinii,  introduces  an  element  nf  unrclialiibty 

whiclt   is  axiiided  by  tlie  use  nf  cc_)m])ar:iti\  cly  small 


in.,    ;       I  nu -I-KI.SSURE    lil.AUE   RING 

showed  that  failure  was  due  to  actual  crushing  of 
the  b.ibliitl  and  nut  to  any  disturl»ance  of  the  oil 
tilm. 


no.   6 — SECTION    THROl CM    THE    I.OW-PRESSl'RE    EI.EME.N'T 

dummies   an  1   a    Kiiigsbiny    thrust    bearing.      In    the  The  construction  of  the  high  pressure  .spindle  is 

Kingsbury   bearing   the   thrust   surface   is   divided   into  shown  by  b'ig.  4.     'I'he  lengths  of  the  blades  increase 

a  number  of  parts  which,  owing  to  their  method  of  from  U^uv  to  nine  inches.     It  is  well  known  that  cast 

support,  are  permitted   to  adjust   themselves   to  the  iron    when    subjected    to    high    temperature    tends    to 

oil  tilm.     With  this  type  of  l)eariug.  tlirust  jiressures  "grow."       Tlu'relore,   to  provide   for  high   su])erheat, 
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the  high-pressure  cylinder  is  made  of  cast  steel.  This  out  the  riser  38  500  lbs.  each.  Fig.  9  shows  one  of 
cylinder  is  quite  simple  in  structure  as  separate  l)lade  these  risers  being  cut  off  and  gives  a  very  good  idea 
carrying  elements  are  provided.  of  the  size  of  this  part.     The  blades  in  the  low-pres- 

On  lea\'ing  the  high  i)ressure  cylinder,  the  steam  sure  section  increase  in  length  from  six  to  eighteen 
passes  through  a  receiver-separator  shown  in  Fig.  inches,  one  of  the  low-pressure  l)lade  discs  being 
5.  This  serves  to  remove  most  of 
the  moisture  before  the  steam 
enters  the  low-pressure  cylinder. 
The  unusual  construction  of  this 
receiver-separator  was  made  neces- 
sary by  local  conditions. 

As  shown  by  the  cross-sec- 
tional view,  Fig-  6,  the  low-pressure 
element  is  double-flow  and  is  sim- 
ilar to  many  other  low-pressure 
turbines,  except  that  it  is  larger. 
The  use  of  the  double-flow  con- 
struction avoids  any  end  thrust  and 
gives  ample  blade  areas  for  the 
handling  of  the  large  volumes  of 
low-pressure  steam.  The  exhaust 
outlets  have  a  total  area  of  190  sq. 
ft.,  providing  for  a  steam  velocity 
of  250  ft.  per  second,  the  pressure 
of  the  steam  corresponding  to  29 
inches  vacuum.  To  secure  a  simple 
cylinder  casting,  all  of  the  station-  i-ig.  8 — lower  half  of  low-pressukl  cvli.vulr 

ary  blades  in  the  low-pressure  end  are  carried  in  blade     shown  in    Fig.    10.     The   low-pressure   spindle   corn- 


rings  such  as  shown  by  Fig.  7. 

The  proper  bracing  of  the  exhaust  chambers  pre- 
sented an  interesting  engineering  problem.  The  gen- 
eral construction  of  these  chambers  may  be  seen  in 
Fig.  S.  To  avoid  internal  strains  the  ribs  are  cast 
disassociated  at  their  intersection.  After  mugii  ma- 
chining and  annealing,  eacli  hul)  is  bured  mit  and  a 
]'in  is  pressed  intu  ])lacc      The  shnulders  ab(i\e  and 


pletely  bladed   as  shown  in   Fig.    11    weighs   128000 
Ib's,     The  calculated  deflectinn  of  this  s])tndle  is  0.013 


FIG.  'J — TURXIXG  ONE  OF  THE  LOW-PRESSURE   Sl'lXDLEb 

The  volume  of  metal  cut  off  in  the  riser  indicates  the  extreme 
care  used  to  obtain  homogenous  metal. 

below'  the  hub  are  machined  for  shrink  rings,  in 
which  manner  the  ribs  are  connected  togetiier,  giv- 
ing them  the  same  strength  as  if  they  were  .solid  and 
keeping  the  casting  free  from  internal  strains.  The 
weight  of  the  low-pressure  cylinder  is  330000  lbs. 

The  body  of  the  low-pressure  spindle  consists  of 
a  hollow  cast  steel  drum,  106  inches  in  diameter  and 
two  cast  steel  ends.  The  spindle  ends  with  the  risers 
weigh  72  500  lbs.  each,  the  rough  spindle  ends  with- 


The  mean  speed  of  the 


>'iK    lll.ADE    RING 

ules  is  only  400  ft.  per 


second  at  750  r.p.m. 

The  operation  of  tiie  high  and   low-pressure  ele- 
ments at  different  rotati\e  s[)ecds  permits  quite  con- 
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servative  construction.  In  these  units  the  highest 
stress  in  the  rotating  drums  and  discs  at  20  percent 
overspeed  does  not  exceed  14000  pounds  per  square 
inch. 

The  two  generator  elements  of  each  unit  are  each 
rated  at  15000  k\v,  1 1  000  volts,  three-phase,  25 
cycles,  making  the  unit  rating  30000  kw  continuou. . 
The  leads  of  the  two  generator  elements  are  tied  to- 
gether at  the  bus,  where  they  can  be 
separated  in  the  event  of  one-half 
of  the  unit  being  operated  under 
enicrgenc)'  conditions.  The  arma- 
ture coils  are  made  up  of  rectangu- 
lar, mica  insulated  wires,  and  after 
impregnating  these  sections,  a  ma- 
chine-wrapped, niicarta  folium 
wrapper  is  applied.  The  coils  are 
braced  rigidly  at  the  ends,  and  are 
capable  of  withstanding  a  direct 
short-circuit  across  the  terminals 
without  distortion. 

For  protection  against  grounds 
or  short  circuits  on  the  individual 
phases,  the  Intcrborough  engineers 
devi.sed  a  very  unirjue  scheme,  con- 
sisting of  two  series  transformers 
placed  in  each  generator  phase  winding,  operating  suit- 
able relays.  With  l)alance(l  load  on  llu-  three  phases  the 
relays  are  inoiierative ;  in  the  event  of  a  ground  or  short 
circuit  on  any  ])hase  the  relays  become  operative  and 
open  the  circuit.  Tn  stations  of  this  size,  small  economies 
can  be  effected  which  result  iiy'-vcry  appreciable  saving. 
Such  a  saving  is  effected  in  the  case  of  these  ma- 
chines in  a  verv  unusual  wav,  in  that  the  cooling  air 


is  drawn  into  the  machines  through  the  end  bells  and 
then  discharged  downward  into  a  duct  which  con- 
ducts it  (after  it  has  absorbed  a  considerable  amount 
of  heat  from  the  generator  parts  and  therefore  has 
increased  in  temperature  appreciably)  to  the  boilers 
where  it  is  used  for  the  draft. 

Such  units  as  these  are  obviously  more  e.Kpensive 
t<<  build  than  tho-^e  having  the  expansion  carried  out 


no.  II — i.nw-PREssrRK  sriNm.E 

in  a  single  cylinder,  because  there  are  really  two 
complete  and  sejjarate  macliines.  However,  having 
divided  the  machine  into  two  elements,  the  liuilder 
mav  emi)lo\-  turbine  proportions  conducive  t<ri  higher 
•jconiimx'.  witliiiut  lieing  restricted  by  mechanical 
limitations.  The  greater  expense  in\ol\ed  is  justi- 
fied onlv  in  machines  of  large  capacity,  which  are  to 
operate  with  more  or  less  constant  load. 


A  System  of  Distribution  Line  Records 


F.  R.  He.\i.Ey 

SuperinlciulcMit,  l''.lfCtric  Distrilnitidii   Dcpt.. 

Tlic  Union  Gas  &  Electric  Company,  Cincinnati.  Ohio 


Till-:  UNION  GAS  &  ELECTRIC  COMPANY 
has  an  overhead  distribution  system  covering 
about  forty-one  square  miles,  extending  about 
twenty  miles  east  and  west  and  seventeen  miles  north 
from  the  Ohio  River.  In  order  to  have  all  information 
necessary  for  the  engineering  department,  troublcmcn, 
salesmen  and  others  in  convenient  form  for  ready  ref- 
erence, the  Company's  engineers  have  compiled  the  data 
on  the  distribution  lines  in  the  form  of  maps  which  arc 
drawn  accurately  to  a  scale  of  four  hundred  feet  to  an 
inch.  These  maps  arc  in  sheets  t,2>  ''V  45  inches  and 
mounted  on  vertical  hinged  leaves  similar  to  those  used 
in  art  stores  for  display  purposes.  This  device  was 
made  according  to  the  Company's  specifications  and  so 


far  as  known  is  the  first  use  of  this  scheme  for  mount- 
ing maps. 

'fhe  maps  and  fixtures  are  shown  in  Fig.  i.  When 
not  in  use.  the  leaves  fall  back  against  the  wall  of  their 
own  weight,  the  axes  being  slightly  out  of  perpendicular 
for  this  purpose.  The  leaves  are  only  half  an  inch  thick 
and  the  entire  outfit  takes  little  space  when  not  in  use. 
Each  side  of  the  leaf  contains  a  map,  there  being  four- 
teen leaves,  which  accommodate  twenty-eight  sections 
of  the  ma]),  including  the  key  or  index,  which  is  a  gen- 
eral map  of  the  city,  with  the  sections  blocked  off  and 
numbered. 

The  ideal  system  is.  of  course,  to  have  one  map 
which  covers  the  entire  distrilnition  svstem.     But  in  a 
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territory  the  extent  of  that  covered  by  the  Union  Gas 
&  Electric  Company's  lines  this  is  impracticable  without 
usins  too  small  a  scale  to  be  of  service. 


FIG.    I  —  METHOD   OF    MOUXTIXG    M.\PS    FOR   CONVEXIENT    AND    RE.\DV 
REFERENCE 

It  is  thought  that  the  new  system  eliminates  most  of 
the  objections  to  the  former  system  of  records,  which 
consisted  of  a  large  book  or  binder  of  the  loose-leaf 
type,  the  pages  of  which  frequently  became  soiled  and 
almost  illegible  from  the  carelessness  of  the  users.  The 
outfit  as  shown  in  Fig.  i  is  not 
complete,  the  cabinet  which 
has  been  designed  for  protec- 
tion against  dust  not  having 
been  finished. 

The  method  of  withdraw- 
ing the  leaves  and  slipping 
out  the  map  when  it  is  desired 
to  make  additions  or  altera- 
tions is  also  shown  in  Fig.  i. 
A  spring  strip  is  taken  ott  the 
top  of  the  leaf  and  the  paper 
is  simply  pulled  out.  A  nearer 
view  of  a  section  of  the  city 
around  the  \\  alnut  Hills  sub- 
station is  shown  in  Fig.  2. 
The  original  is  a  blue-on-white 
print,  and  the  transmission 
lines  and  other  data  are  in 
colors  which  do  not  show  in  a 
black-and-white  photograjih. 
although  the  degree  of  dis- 
tinctness indicates  the  color ; 
the  original  black  lines  show- 
ing   verv    distinctlv,    the    red 


lines  less  distinctly,  and  the  blue  lines  comparatively 
dimly.    The  following  colors  and  symbols  are  used : 

Junction  or  section  switch  •  • 

Change  in  size  of  wire  • 

Lightning  arresters  -h      -f-      -f 

Primary  3-phase  (black  lines)  

Primary  single-phase  (red  lines)  

Secondary  3-phase  power  (red  lines  dotted)       — 

Secondary  3-wire  lighting  (blue  lines)  ■ 

Secondary  2- wire  lighting  (  blue  lines  dotted  ) 

Transformers  w. 

Notations  showing  the  feeder,  phase  arid  size  of  wire 
are  marked  at  junctions  and  other  convenient  places. 
For  example,  "Ai — No.  610"  refers  to  Feeder  or  Circuit 
A,  phase  No.  i  and  No.  6  wire,  the  Company's  practice, 
which  differs  from  that  used  in  most  places,  being  to 
designate  the  feeders  by  letters  and  the  phases  Ijy  num- 
bers. The  numbers  placed  at  transformer  locations  are 
the  Company's  shop  numbers  and  indicate  the  capacity 
of  the  transformer  as  well  as  the  number ;  for  example, 
transformer  20  006  is  No.  6  transformer  in  the  20  000 
watt  size;  transformer  7677  is  No.  177  transformer 
in  the  7500  watt  size. 

The  maps  are  accessible  to  anyone  in  the  employ  of 
the  Company  day  and  night ;  the  night  chief  can  look  up 
data  on  junction  fuses,  location  of  lines,  etc.,  and  all 
departments  use  them  more  or  less  during  the  day. 


FIG.    2 — TYPIC.M.    r.\RT    OF    A    SINGLE    MA!' 


Mazda  C  Lamps  in  the  Making 

A.  K.  Dennington 
In  Charge  of  Lamp  Development,  Westinghouse  Lamp  Company 


THE  PAST  year  has  shown  that  there  is  a  decided 
tendency  to  broaden  the  field  of  usefulness  of  the 
gas-filled  incandescent  lamp.  This  tendency  is 
indicated  by  a  demand  for  lamps  having  candle-power 
ratings  greater  than  that  of  the  i  ooo-watt  lamp,  and 
a  still  stronger  demand  for  lamps  of  low  power  con- 
sumption and  suitable  for  illumination  of  residences, 
show-windows  and  other  places  where  good  color  value 
of  light  is  desirable,  but  where  the  total  light  flux  and 
the  (listribiUion  re<|uircd  make  the  use  of  large  units 
imjjracticable.  The  demand  for  small  lamps  has  resulted 
in  the  commercial  develo]iment  of  the  300,  200  and 
100  watt  gas-filled  lamps  of  the  100  volt  grade,  and 
there  is  at  present  a  strong  probability  that  the  lower 
limit  in  watts  has  not  yet  been  reached. 

As  the  size  of  the  filament  is  reduced  the  ratio  of 
the  ])Ower  exjiended  jier  unit  length  of  wire  to  the  sur- 
face exposed  to  the  cooling  action  of  the  gas  decreases, 
and,  therefore,  it  is  increasingly  difficult  to  get  low 
watts  ])er  candle  together  with  a  long  life.  In  order  to 
ofifset  the  increased  cooling  effect  due  to  the  increased 
surface,  the  temperature  of  the  filament  for  a  given 
watts  per  candle  consumption  must  be  increased. 

COI.OU  VALUE 

The  demand  for  gas-filled  lamps  is  due  to  the  better 
color  value  of  the  light  as  well  as  to  the  reduced  watts 
per  candle  and  consequently  reduced  operating  cost  of 
the  lamp.  At  a  given  watts  per  candle  the  filanuMil  of 
the  gas-filled  lamp  is  at  a  higher  temperature  than  the 
filament  in  a  vacuum  lamp.  /.  c,  at  a  given  temperature 
of  the  filament  the  gas  carries  away  a  much  greater 
portion  of  the  total  energy  as  heat  than  is  carried  away 
in  vacuum.  To  offset  this  cooling  cfTect  of  the  gas,  it 
is  necessary  to  increase  the  temperature  of  the  filanunl 
until  the  increase  in  light  radiation  again  brings  the 
ratio  of  the  watts  input  and  candle-ijower  to  the 
standaril  condition.  If  it  were  not  for  the  rapid  evap- 
oration of  the  tung.sten  filament  at  high  temjiera- 
tures  in  vacuum  the  ratio  of  watts  to  candle-power  could 
be  made  much  less  in  a  vacuum  lamj)  than  in  one  tilled 
with  an  inert  gas,  because  a  given  temperature  of  the 
filament,  and  hence  a  given  light  flux,  could  be  obtained 
with  a  reduced  ]iower  in|)ut. 

The  color  value  of  light  suitable  for  special  condi- 
tions is  considered  as  one  of  the  important  elements  of 
modern  illumination.     Since  the  light  emitted  bv  a  high 


efficiency  lamp  is  largely  in  the  yellow  and  red  portion  of 
the  spectrum,  it  is  often  advantageous  to  modify  this 
light  by  the  use  of  special  tinted  glass  to  give  the  color 
eflfect  desired.  In  nearly  all  cases  where  the  color  of 
the  light  is  modified,  the  change  is  made  by  absorbing,  by 
the  use  of  suitable  glass,  some  of  the  rays  which  are  not 
wanted.  The  coloring  matter  can  be  either  in  the  globe 
or  shade  or  in  the  bulb  of  the  lamp  itself,  in  which  case 
the  glassware  of  the  fixture  may  be  of  the  usual  type. 
In  order  to  give  approximately  the  correct  spectrum  for 
a  daylight  value  of  the  light  emitted,  the  color  of  the 
bulb  is  such  as  to  cut  off  part  of  the  red  and  yellow 
waves  and  transmit  the  blue  and  violet  waves,  hence  the 
globe  or  bulb  has  a  blue  tinge.  Colored  bulbs  for  giving 
approximately  daylight  values  of  the  light  flux  have 
some  advantages,  as  the  best  comljination  of  coloring 
materials  to  give  the  desired  effect  can  be  controlled  by 
the  lamp  manufacturer,  thus  insuring  imiform  results. 
If  the  coloring  matter  is  used  in  the  reflecting  or  dif- 
fusing glassware  the  most  efficient  results  may  not  be 
obtained,  owing  to  the  jjossibility  of  using  glass  which 
will  appear  to  be  of  the  correct  color  and  density  but 
which  may  absorb  much  more  of  the  light  than  is  nec- 
essary. Also  the  coloring  matter  used  in  the  bulb  or  in 
the  dilfusing  globe  should  not  absorb  luany  more  of  the 
heat  waves  in  the  invisible  part  of  the  spectrum  than 
does  the  clear  bulb.  If  the  absorption  of  the  heat  waves 
is  excessive,  the  temperature  of  the  bulb  will  be  exces- 
sive and  may  result  in  o\erbeating  of  the  fixture  or 
the  socket. 

G.\S    CH.\K.\CTKRISTICS 

The  characteristics  of  any  gas  which  is  to  be  used 
in  a  lanip  may  be  briefly  stated  as  follows :  The  heat 
conductivity  must  be  low ;  there  nuist  be  no  chemical 
reaction  between  the  gas  and  the  lamp  filament  or  lead- 
ing-in  wires ;  the  moisture  in  the  gas  nnist  be  reduced 
to  a  minimum;  the  gas  should  have  a  high  specific  grav- 
ity in  order  to  reduce  the  cooling  l)y  convection  currents; 
and  the  insulating  [jrojiertics  of  the  gas  should  be  good. 

A  gas  with  low  heat  conductivity  makes  jiossible  high 
efficiencies  by  conserving  the  heat  supply.  The  convec- 
tion currents  set  up  in  a  heavy  gas  will  be  of  low  velocity, 
and  hence  the  cooling  due  to  convection  w'ill  be  smaller 
th.-m  with  a  lighter  gas.  Any  gas  which  can  combine  in 
any  way  with  the  metal  parts  of  the  lamp,  such  as  the 
tilament.  supporting  wires,  leading-in  wires,  or  which 
tends  to  reduce  or  attack  the  glass  is  unsuitable  for  use 
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in  lamps.  The  absence  of  moisture  in  a  gas  is  essential 
to  its  successful  use  in  a  lamp  and  special  care  is  used 
in  the  preparation  and  purification  to  keep  the  moisture 
content  negligible.  Water,  if  present  in  the  lamp,  will 
be  broken  up  into  its  elements,  hydrogen  and  oxygen, 
and  these  two  elements  attack  the  filament.  The  dielec- 
tric pro])erties  of  the  gas  should  be  good  in  order  to 


FIG.    I — E.\.\.\1I.N1.\G   COII.S   OK    I-I1..»lMENT   FOR   DEFECTS    U.N'DER 
M.^GXIFYING    GL.»iSS 

reduce  to   a   minimum   the   electrical   leakage   between 
leading-in  wires  and  the  tendency  to  arc. 

WINDING  FILAMENT  COILS 

Owing  to  the  tendency  for  local  overheating  to  occur 
in  small  lamps,  the  utmost  accuracy  is  essential  in  wind- 
ing the  coils.  Any  small  variation  in  the  pitch  which 
would  not  be  noticeable  in  winding  a  filament  of  large 
diameter  may  be  sufficient  to  cause  the  adjacent  turns 
of  a  small  coil  to  come  almost  in  contact:  c.  g.,  if  the 
filament  for  a  gas-filled  lamp  has  a  diameter  of  0.0025- 
inch  and  is  wound  296  turns  per  inch  there  is  a  pitch 
from  center  to  center  of  adjacent  turns  of  0.00338.  The 
space  between  adjacent  turns  is,  therefore,  just  slightly 
less  than  0.0009.  -^  reduction  of  '4  'nil  i'l  coil  pitch 
reduces  the  space  between  turns  to  72  percent  of  the 
normal  spacing,  and  results  in  local  overheating.  Using 
a  filament  which  has  a  diameter  of  o.oio  and  is  wound 
74  turns  per  inch,  gives  a  pitch  of  0.0135-inch.  The 
space  between  turns  is  0.0035.  -^  reduction  of  J4  "I'l 
in  the  space  in  this  case  changes  the  distance  between 
wires  from  0.0035  to  practically  0.00325  or  the  spacing 
is  now  93  percent  of  the  original  spacing.  The  necessity 
for  extreme  accuracy  in  winding  is,  therefore,  less  with 
larger  wire  than  with  small  wire.  Also  in  a  lamp  having 
a  large  filament  any  excessive  temperature  which  in  time 
would  result  in  spot  evaporation  may  cause  the  wire 
to  soften  somewhat  at  this  point  and  sag  slightly  so  as 
to  increase  the  spacing,  thus  reducing  the  temperature 
and  preventing  an  early  burnout.  With  large  filaments, 
the  reduction  of  cross-section  before  there  is  danger  of 
burnout  is  much  greater  than  in  a  small  filament  and, 
therefore,  there  is  more  time  in  which  the  sagging  of  the 
coil  may  offset  the  local  overheating. 

Until  recently  the  coils  of  tungsten  filament  were 
wound   on   a  turning   lathe   bv   revolving   the   mandrel 


wire  and  feeding  the  filament  through  a  holder  mounted 
on  the  tool  carrier.  The  spacing  was  done  by  the  lead 
screw.  Filament  was  often  wound  cold  in  this  way  and 
very  satisfactory  lamps  were  obtained.  However,  it 
was  found  that  by  heating  the  filament  to  a  dull  red 
heat  the  breakage  during  winding  was  reduced  and  also 
the  number  of  lamps  which  would  burn  out  in  a  few 
hours  because  of  injured  filament  was  diminished.  In 
order  to  give  coils  which  are  accurately  wound  and 
have  spacings  where  the  coils  are  to  rest  on  anchors, 
special  coil-winding  machines  have  been  developed.  At 
the  end  of  each  coil  a  longer  space  than  that  required 
for  the  support  wires  is  made,  so  that  the  coil  can  be 
easily  clamped  to  the  leading-in  wire. 

After  the  filament  is  wound  into  coils  on  wire  man- 
drels the  coils  are  cut  to  the  correct  length  and  the  man- 
drel is  then  dissolved  or  loosened  by  means  of  an  acid 
bath.  The  acid  used  will  not  affect  the  filament,  but 
helps  to  cl^an  it.  The  next  operation  is  the  inspecting 
of  coils  before  they  are  put  into  lamps.  There  are 
various  ways  of  doing  this,  but  the  one  most  used  at 
present  consists  of  passing  the  coil  under  a  magnifying 
glass,  Fig.  I,  and  discarding  coils  which  show  irregu- 
larities in  spacing  or  other  defects. 

The  bending  of  the  coil  is  done  by  means  of  a  heated 
wire,  Fig.  2.  The  wire  heats  the  filament  at  the  point 
where  it  is  to  be  bent  and  greatly  reduces  the  possibility 
of  injury.  Skill  is  required  to  bend  coils  so  that  the 
spaces  will  come  the  right  distance  apart  for  the  anchors, 
and  this  is  essential  if  a  lamp  with  symmetrical  filament 
is  to  be  produced. 

ARRANGEMENT   OF    COILS 

The  filaments  of  gas-filled  lamps  are  wound  in 
spirals  in  order  to  reduce  the  surface  of  the  wire  ex- 
posed to  the  effective  cooling  of  the  convection  currents 
in  the  gas.    There  have  been  found  to  be  fairly  definite 


FIG.    2 — BENMXG    TnE    COU,    OX    .\    HEATED    WIRE 

limits  for  the  size  of  the  mandrel  on  which  the  filament 
is  wound  and  for  the  spacing  or  pitch  of  turns  of  the 
spiral.  The  diameter  of  mandrel  is  usually  I'i  to  3 
times  the  diameter  of  the  filament,  though  in  the  smaller 
lamps  the  ratio  of  mandrel  to  filament  diameter  may  be 
increased,  and  for  special  lamps  where  the  filament  is 
concentrated  as  much  as  possible  the  ratio  of  mandrel 
diameter  to  filament  may  be  as  great  as  5  or  6.    It  is  es- 
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sential,  if  special  concentration  is  desired,  that  a  large 
mandrel  be  used  in  order  that  the  length  of  coil  may 
be  small,  thus  permitting  the  use  of  a  small  number  of 
loops  of  short  length.  In  general,  however,  the  size  of 
the  mandrel  which  is  used  is  determined  by  the  sag- 
resisting  properties  of  the  filament  at  the  temperature 
at  which  it  is  worked.  A  filament  is  easily  obtained 
which  does  not  sag  excessively  during  the  normal  life 
of  the  lamp,  providing  the  mandrel  diameter  is  not  much 
greater  than  200  percent  of  the  diameter  of  the  filament. 
The  amount  of  sagging  depends  not  only  upon  the  diam- 
eter of  the  mandrel  on  which  the  coil  is  wound  but  also 
upon  the  length  and  arrangement  of  the  coil  between 
supports.  If  the  length  of  coil  between  supports  is 
comparatively  great  there  is  much  more  tendency  to  sag 
than  if  the  supports  are  close  together.  Sagging  is 
also  reduced  by  arranging  the  coils  between  supports 
so  that  there  can  l)e  no  reduction  in  the  spacing  between 
turns.  If  the  fdament  is  formed  into  a  series  of  V- 
shaped  sections.  Fig.  3,  and  is  not  sujjpnrted  at  the  apex 
of  the  V,  the  sagging  will  Ijc  niininiized  because  of  the 
cooling  effect  as  the  turns  of  the  coil  near  the  base  of 
the  V  separate.     Suspending  a  section  of  coil  between 


I'lC.    3  I-IG.   -1 

Figs.  3  and  4 — Incandescent  filament,  showini?  two  methods  of 
supporting  coil  sections. 

t\YO,  rigid,  supports,  Fig.  4,  has  a  tendency  to  aggravate 
sagging  because,  as  the  lower  turns  of  the  coil  come 
closer  together,  the  temperature  is  increased  and  there 
is  a  tendency  for  the  turns  to  ])ile  up  and  short-circuit. 
This  efl'ect  is  shown  in  the  illustration,  which  represents 
a  coil  section  anchored  at  toji  and  liollom.  The  cooling 
effect  is  much  greater  where  there  is  an  anchcir  than 
where  there  is  not.  If  the  coil  is  placed  horizontally 
between  supports  the  first  tendency  to  sag  results  in  the 
', turns  of  the  spiral  coming  closer  together  at  the  top 
and  spreading  out  somewhat  at  the  bottom.  The  top 
side  of  the  coil  will  have  a  tendency  to  reach  a  tempera- 
ture higher  than  normal  and  this  results  in  further  sag- 
ging of  the  coil  or  an  early  burnout  due  to  excessive 
temperature. 

It  is  of  advantage  to  avoid  anchoring  the  filament 
loops  at  both  top  and  bottmn  not  only  in  order  to  mini- 
mize sagging,  but  also  in  order  to  reduce  the  cooling 
effect  of  the  anchors  by  reducing  their  number.  The 
minimum  amount  of  contact  between  the  filament  and 
supporting  wires  can  be  obtained  by  providing  an  open 
space  in  the  coil  at  the  point  of  support.  It  is  also  of 
advantage  to  have  an  open  space  where  the  coil  is  bent. 


If  no  space  is  provided  at  the  bend  there  is  a  greater 
tendency  for  the  coil  to  curve  outward,  thus  changing 
the  spacing  between  turns  and  introducing  inequalities 
in  temperature.  It  is  essential  that  some  types  of  lamps 
be  constructed  in  such  a  manner  that  they  may  be  op- 
erated either  tip  up  or  tip  down.  This  is  true  of  lamps 
designed  for  use  in  ornamental  street  lighting  fixtures, 
which  require  three  to  five  lamps,  at  least  one  of  which 
is  burned  tip  up.  The  use  of  a  filament  which  will  sag 
a  minimum  amount  is  more  important  in  lamps  having 
the  coil  sections  anchored  at  both  ends  than  in  those 
anchored  at  only  one  end. 

A  filament  coiled  in  a  closed  spiral  may,  in  a  low  volt- 
age lamp  for  headlight  purposes,  make  the  dimensions 
of  the  light  source  so  small  that  it  is  difficult  to  get  the 
lilament  at  the  focal  point  of  the  reflector.  Unless  a 
])oint  of  the  filament  is  at  or  very  close  to  the  focal  point 
of  the  reflector  the  field  of  illumination  will  not  be 
Muiforni  but  will  have  (lec[)ly  shaded  rings  and  spots. 
.\  single  coil  mounted  either  along  the  axis  of  the  re- 
flector or  at  right  angles  to  the  axis  will  give  good  results 
provided  the  length  of  the  coil  is  not  excessive  in  com- 
liarison  to  its  diameter.  It  has  been  found  that  a  short 
coil  wound  on  a  thick  mandrel  gives  a  much  belter  field 
of  illinnination  than  a  thin  coil,  even  though  both  were 
placed  as  nearly  as  possible  at  the  focal  point  of  the 
reflector.  For  operating  in  a  reflector  the  use  of  a  V- 
shaped  coil,  if  the  length  of  the  coil  is  too  great  to  be 
supported  directly  across  the  Icading-in  wires,  gives  a 
very  good  field.  There  is  very  little  difference  in  the 
eflfect  of  a  coil  whether  mounted  perpendicularly  to  or 
along  the  axis  of  the  reflector,  as  long  as  the  length  of 
the  coil  is  small.  However,  with  a  coil  of  a  given  length 
a  better  effect  could  be  obtained  by  placing  the  coil  along 
the  axis  of  the  reflector  than  at  right  angles  to  it,  if  the 
shadows  of  the  leading-in  wires  could  be  eliminated. 

BULB   CONSTRUCTION 

One  of  the  important  developments  in  lamp  con- 
struction has  been  the  change  from  an  open  neck  straight 
side  bulb  to  a  closed  neck  bulb.  The  essential  feature 
of  thr  hulli  is  the  partial  closing  of  the  neck  by  a  mica 
disk  to  form  a  chamber  which  keeps  the  base  and  socket 
from  reaching  excessive  temperatures.  The  operating 
temperature  of  a  straight  side  Inill)  at  the  edge  of  the 
base  is  in  the  neighborhood  of  400  degrees  F.,  while  the 
temperature  of  a  bulb  having  a  closed  neck  is  only  about 
200  to  250  degrees  P.,  depending  upon  the  size  of  the 
lamp.  This  reduction  in  temperature  at  the  base  not 
only  greatly  reduces  the  tendency  of  the  glass  to  crack 
at  the  seal,  but  also  reduces  the  temperature  of  the 
socket  and  removes  the  danger  of  injuring  the  insulation 
of  the  wires  of  the  supply  circuit.  The  total  amount  of 
heat  to  be  distributed  is  the  same  as  if  no  mica  disk  were 
used,  but  since  the  radiation  is  from  parts  of  the  bulb 
not  adjacent  to  the  base,  it  is  possible  to  carry  the  heat 
away  through  the  ventilated  fixture  and  distribute  it 
barmlesslv  in  the  air. 
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MAKING   THE    STEM 

The  making  up  of  the  stem  ready  for  the  filament 
includes  a  number  of  operations.  The  glass  part  of  the 
stem  usually  consists  of  a  short  piece  of  tubing  which 
has  one  end  spun  out  into  a  flare  and  a  piece  of  glass 
rod  or  cane  glass  which  is  used  to  hold  the  supporting 
wires  or  anchors  for  the  filament.  The  leading-in  wires 
which  carry  the  current  to  the  filament  are  threaded  into 
the  flared  glass  tube  and  the  cane  glass  is  adjusted  to 
the  correct  position  in  the  holder  of  a  machine  called 
a  .stem  machine,  and  heated  until  sufficiently  softened 
to  seal  together  and  make  a  tight  joint  around  the  lead- 
ing-in wires.  The  seal  is  shaped  and  the  glass  forced 
together  by  means  of  jaws  on  the  machine.  A  button 
is  formed  on  the  top  of  the  cane  glass  before  it  is  sealed 
to  the  stem  in  the  stem  machine.  The  anchors  are  in- 
serted in  this  button. 

MOUNTING 

The  stems  then  go  to  the  mounting  department, 
where  the  anchors  are  adjusted  by  means  of  a  gage 
to  the  positions  they  should  have  in  the  completed  lamp. 
The  stem  is  held  with  the  flare  up,  Fig.  5,  and  the  bent 
filament  is  placed  in  the  hooks,  which  are  then  closed. 
The  ends  of  the  filament  are  clamped  to  the  flattened 
ends  of  the  leading-in  wires. 

The  completed  mount  is  forwarded  to  the  sealing 
department,  where  the  flare  is  sealed  to  the  neck  of  the 
bulb.  The  mount  is  placed  in  a  vertical  position  on  a 
holder  in  a  machine  known  as  a  sealing  machine,  and 
the  bulb  is  adjusted  in  a  holder  over  the  mount.  The 
bulb  and  stem  rotate  as  they  pass  before  gas  fires  and 
the  neck  of  the  bulb  is  melted  in  and  sealed  to  the  flare. 
A  sharp  fire  is  used  to  melt  ofY  the  portions  of  the  bulb 
neck  below  the  seal,  thus  leaving  a  smooth  edge.  The 
neck  of   the   bulb   is  always   melted   in   to   a   diameter 


FIG.    5 — MOUNTING    AND    ADJUSTING    THE    FILAMENT 

slightly  smaller  than  the  flare,  so  that  a  shoulder  is 
formed  to  hold  the  cement  which  unites  the  base  to  the 
lamp. 

Before  the  bulbs  are  sealed  to  the  mounts  they  are 
tubulated — that  is,  a  small  hole  is  melted  in  the  top  and 
a  piece  of  glass  tubing  sealed  on.  This  tubing  is  drawn 
down  near  the  bulb  so  that  the  opening  is  only  about 
1/16"  in  diameter.  This  contraction  is  made  .so  that  the 
exhaust  tube  can  be  sealed  oft"  easily  after  the  lamp  is 
exhausted. 


EXHAUSTING 

The  operation  of  exhausting  gas-filled  mazda  lamps 
consists  of  removing  the  air  and  moisture  and  refilling 
the  bulb  with  a  specially  purified  gas  which  has  no 
chemical  action  on  the  filament  and  which  does  not  have 
excessive   cooling   efifect.     The   typical   exhaust   equip- 


Hu.  0      LAMPS  ROTATING  THROUGH  HEATER  TO  SET  THE  CEMENT 
HOLDING  THE  BASE  AND  THE   LAMP  TOGETHER 

ment  consists  of  rotary  vacuum  pumps  discharging  into 
a  vacuum  line  and  ovens  in  which  the  bulbs  are  brought 
up  to  as  high  a  temperature  as  the  glass  will  stand  with- 
out softening.  The  lamps  are  connected  to  the  exhaust 
manifold  by  having  the  top  tube  pushed  down  into  a 
rubber  connection.  After  the  bulb  is  thoroughly  ex- 
hausted the  gas  is  admitted  slowly  until  a  vacuum  gauge 
shows  the  pressure  that  is  required.  The  actual  pres- 
sure varies  somewhat  with  the  gas  used  and  the  type  of 
lamp.  However,  the  pressure  is  always  kept  below  that 
of  the  atmosphere  so  that  there  is  no  danger  of  the  bulb 
exploding  when  the  lamp  is  lighted  and  the  gas  ex- 
pands, due  to  increased  temperature.  The  lamps  are 
tipped  off  by  heating  the  exhaust  tube  at  the  contraction. 
If  this  operation  is  carefully  performed  a  smooth  coni- 
cal shaped  tip  is  obtained. 

FINAL  PROCESSES. 

Exhausted  lamps  are  given  a  burning  test  and  any 
which  show  up  imperfections  are  discarded.  The  lead- 
ing-in wires  are  separated  in  the  stem  tubing  and  held 
apart  by  a  stopper  of  cork  or  asbestos  fiber.  The  lamp 
is  now  practically  completed  with  the  exception  of  the 
base.  A  machine,  Fig.  6,  provided  with  a  number  of 
holders  for  the  lamps  and  rotating  slowly  through  a 
heater  is  used  to  set  the  cement  which  holds  the  base 
to  the  lamp.  The  cement  is  applied  to  the  base,  which 
is  then  threaded  over  the  leading-in  wires.  As  the  lamp 
passes  through  the  heater  the  cement  is  hardened  by  the 
heat.  Time  is  allowed  for  the  base  to  cool  somewhat 
and  then  the  wires  are  soldered  to  the  base,  thus  com- 
pleting the  essential  operations  involved  in  the  construc- 
tion of  a  lamp.  All  lamps  are  given  a  final  inspection 
and  test  before  packing,  the  object  being  to  prevent  any 
defective  lamps  leaving  the  factory. 


A  Comparison  of  Different  Methods  of  Testing 

Electrical  Porcelain 
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UNTIL  quite  recently  electrical  porcelain  lias  been  tested  at  60  or  25  cycles  with  voltages  below  the  flashover 
point  of  the  insulator.  However,  practice  has  shown  that  insulators  which  had  passed  such  a  test  quite  often 
failed  in  service;  in  particular,  a  heavy  thunderstorm  would  break  many  insulators.  Hence,  to  duplicate 
as  nearly  as  possible  the  effects  of  a  lightning  stroke,  Messrs.  Imlay  and  Thomas  were  led  to  try  a  high- 
frequency  impulse  test.*  Their  work  was  followed  by  that  of  Mr.  E.  E.  F.  Creighton,**  who  called  atten- 
tion to  the  availability  of  the  Tesla  coil  for  high-frequency  test  of  insulators.  The  present  paper  has  to  do 
with  an  investigation  of  the  relative  merits  of  the  various  methods  of  testing  porcelain,  and  the  development 
of  a  new  method  to  resemble  more  closely  the  effects  of  a  lightning  stroke. 

condenser  C  consisted  of  a  .suspended  iron  plate  ten 
feet  eight  inches  long  and  five  feet  wide  hung  parallel 
to  the  wall  as  shown.  The  wall  was  covered  with  a 
grounded  wire  netting,  and  in  most  of  the  experiments 
the  plate  was  about  four  feet  from  the  wall.  The  diam- 
eter of  the  spark- 


IN  ORDER  to  make  a  comparison  between  all  present 
methods  of  testing  insulators,  a  series  of  tests  was 
run  following  a  method  outlined  by  Messrs.  Imlay 
and  Thomas.*  The  arrangement  of  the  apparatus  for 
this  test  is  shown  in  Fig.  i,  and  the  diagram  of  connec- 
tions   in    Fig.    2. 


The  contact 
maker  c  o  nsisted 
of  a  lever  on  the 
end  of  which  was 
a  strip  of  copper 
which  made  coii- 
tact  for  an  instant 
with  a  fixed  simi- 
1  a  r  strip,  when 
the  lever  was  al- 
lowed to  fall,  thus 
c  o  111  p  Icting  the 
circuit ;  in  this 
way  the  contact 
was  always  of  the 
same  duration  A 
choke  coil  limited 
the  current  when 
a  spark  passed 
through  the  gap 
and  a  resistance 
/?,  regulated  the 
amount  of  energy 
in  the  primary  of 
the  300  000  volt 
10  k.v.a.  trans- 
former shown  at 
the  extreme  left 
in  Fig.  I.  A  sheet 
o  f  asbestos  R^ 
was  used  to  limit 
the  energy  in  the 
secondary  of  the 
transformer.   The 


KIC.  I — .\PP.\RATUS  SET  UP  FOR  TESTS 


The  air  condenser  is  shown  at  C.  The  sphere  gap  G  and  the  insulator  /  are 
both  shown  sparking  over.  The  300000  volt  transformer  is  shown  in  the  left  back- 
ground and  the  oil  tank  used  for  testing  under  oil  is  directly  behind  the  spheres. 
The  rotary  contact  maker  is  behind  the  oscillograph  and  the  mercury  rectifier  is 
shown  in  action  at  the  right.    The  asbestos  resistance  /?=  is  shown  short-circuited. 


gap  spheres  was 
almost  eight 
inches.  The  volt- 
age across  the  gap 
was  measured  by 
short  -  circuiting 
the  asbestos  re- 
sistance and  then 
adjusting  the 
s])ark-gap  so  that 
a  s  p  a  r  k  woidd 
just  occur  at  the 
recjuired  voltage 
as  indicated  by  a 
voltmeter  across 
the  primary  of 
the  transformer. 
To  avoid  corona 
loss,  the  high  ten- 
sion c  o  nnections 
were  made  with 
15/16-inch  brass 
tubing  a  n  d  the 
edges  of  the  con- 
denser plate  were 
curved  a  w  a  y 
from  t  h  e  wall. 
The  insulator  on 
which  most  of  the 
tests  w-ere  made  is 
shown  in  Fig.  3  : 
it  was  supported 
on  a  grounded 
iron  pin. 


The  effect  of  the  condenser  shunted  across  the  spark- 
^ic  liich  frequency  test  on  line  insulators  by  L.  E.  Imlay  •     .  ■  1  •    1    r  j-     i  ,t 

.     ;  i    icy  H.  Thomas  in  the  Transactions  of  the  A,  1.  E.  E.  for     S'^P  'S  to  supermipose  a  high  frequency  discharge  on  the 
19:2,  p.  212.  ordinary  60-cycle  discharge.     In  running  this  test  ten 

♦*See  "Electrical  Porcelain,"  bv  E.  E.  F.  Creighton,  in  the      •        ,   .  ,  .  ,  j  1  1 

Proceedings  of  the  A.  I.  E.  E.,  May,  1915.  insulators  were  chosen  at  random  and  each  was  sub- 
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jected  to  50  impulsest  at  the  same  voltage.  The  voltage 
was  then  raised  by  steps  until  the  insulators  failed,  the 
test  being  made  in  air.  The  results  of  the  test  by  the 
Imlay  and  Thomas  method  are  shown  in  Table  I. 

A  continuous  series  of  impulses  was  obtained  by 
keeping  the  primary  circuit  closed.  The  condition  of 
the  discharge  under  these  circumstances  is  shown  in 
Figs.  4  and  5.  An  oscillogram,  Fig.  6,  of  the  voUage 
curve  of  the  primary  shows  no  flashover  with  150000 


FIG.    2 — DI.\GR.\M    OF    COXXF.CTIONS    FOR    IMLAY    AND    THOMAS    TEST 

The  short  impulse  method. 

volts  maximum,  although  a  flashover  is  obtained  at  this 
voltage  with  60  cycles.  The  results  of  the  test  by  this 
method  are  shown  in  Table  II.  The  voltage  was  ob- 
tained from  the  ratio  of  the  transformer  and  from  the 
oscillogram,  which  was  taken  just  at  the  flashover  volt- 
age, 105  000  volts  efi'ective. 

An  ordinary  60-cycle  discharge  was  obtained  with 
these  same  connections  by  merely  short-circuiting  the 

TABLE  I— RESULTS  OF  TESTS  BY  IMLAY  AND  THOMAS  SHORT 
IMPULSE   METHOD. 


Effective  Voltage 

Comments 

93  000 
99750 
105  000 
no  200 
117  750 

12s  200 
130  200 

139  SOO 

All  stood  50  impulses.      Below  flashover. 

No.  43  failed  on  the  35th  impulse.      la  percent  flashovers. 

Nine  stood  44  percent  flashovers. 

No.  38  failed  on  the  9th  impulse.     22  percent  flashovers. 

No.  37  failed  on  the  8th  impulse;   No.  39  on  the  37th;   No.  42 

on  the  4th.     -2  percent  flashovers. 
The  remaining  five  stood.     72  percent  flashovers. 
No.  40  failed  on  the  17th  impulse;  No.  41  on  the  2i5t,  No.  45 

on  the  45th.     87  percent  flashovers. 
No.  36  failed  on  the  lothimpulsf ;  No.  44  stood.     100  percent 

flashovers. 

TABLE  II^RESULTS  OF  TEST  BY  THE  CIJXTIXUOUS  IMPULSE 
METHOD 


Volts  (effective) 

13S  i.OU 

138  000 
130  000 
1 38  UOO 
I3S  000 

No.  17  stood  for  one  minute. 
No.  19  failed  in  18  seconds. 
No.  22  failed  in    4  seconds. 
No.  2Z  failed  in  55  seconds. 
No.  24  failed  in  40  seconds. 

TABLE  III— RESULTS  OF  TEST  AT  60  CYCLES  IN'  AIR  AND  IN  OIL 


Effective  Voltage 

In  Air 

93  000 
99750 
105  000 
no  200 
117  750 
125  200 
130  200 

All  stood  .3  percent  flashovers. 

No.  46  failed  in  15  seconds.     The  nine  remaining  stood. 
The  remaining  nine  stood.          5  percent  flashovers. 
The  remaining  nine  stood.       50  percent  flashovers. 
The  remaining  nine  stood.      100  percent  flashovers. 
No.  54  failed  in  28  seconds.      100  percent  flashover. 
The  remaining  eight  stood.     100  percent  flashover. 

In  Oil                                                                | 

105  000 
no  250 
117  750 
125  200 

130  200 

No.  50  failed  in  55  seconds.     The  seven  stood. 

No.  48  failed  in  47  seconds.     The  sis  stood. 

No.  S2  failed  in  10  seconds.     The  five  stood. 

No.  49  failed  in  40  seconds  and  No.  51  in  five  seconds.     The 

three  stood. 
No.  47  failed  in  3  seconds.     The  two  remaining  stood. 

spark-gap.    In  Fig.  7,  which  illustrates  the  character  of 
the  discharge  obtained  in  this  way,  the  discharge  takes 


fThe  term  "impulse"  as  used  hereinafter  in  connection  with 
the  Imlay  and  Thomas  test  is  defined  as  "the  succession  of 
impacts  or  impact  trains  produced  during  the  brief  interval  in 
which  the  circuit  is  closed  by  the  falling  contact  maker." 


the  shortest  air  path  to  ground.  The  test  at  60  cycles 
was  first  made  in  air,  but  as  few  insulators  broke  down 
and  difficulty  was  experienced  due  to  heating,  the  insu- 
lator was  immersed  in  oil  and  the  test  repeated.  The  re- 
sults of  the  tests  by  this  method  are  shown  in  Table  III. 
The  insulators  used  in  this  test  were  chosen  at  random. 

THE  DIRECT-CURRENT  SINGLE-IMPACT  METHOD 

With  the  short  impulse  test  described  above,  a  train 
of  waves  is  set  up  which  is  of  indefinite  length,  and 

there  is  no  way  of  ^ 3.  , 

telling  how  many 
impacts  are  given 
the  insulator.  Fur- 
thermore, each  suc- 
cessive train  of 
waves  may  be  dif- 
ferent, as  contact 
may  be  made  at 
difl:'erent  values  of 
voltage.  Hence,  to 
make  the  investiga- 
tion more  exact 
and  to  duplicate 
more  closely  the 
conditions  during  a 
lightning  discharge,  a  method  was  developed  whereby 
only  one  impact  is  given  the  insulator-  This  was  accom- 
plished by  using  direct  current  on  the  transformer.  In- 
asmuch as  the  impact  at  the  making  of  the  circuit  is 
definite,  while  owing  to  the  arc  at  the  break  it  is  impos- 
sible to  have  a  steep  wave  front,  it  was  necessary  that 
the  impact  should  only  occur  when  the  contact  was 
made.  This  was  accomplished  by  slowly  cutting  down 
the  current  after  the  circuit  was  closed  bv  introducing 


FIG.  3 — SECTION  OF   INSUL.ATOR  ON  WHICH 
.MOST  OF  THE  TESTS   WERE   MADE 


FIG.    4 — DISCHARGE    WITH    IMLAV    AXU    THO.M.\S    CO.VTIXUOUS    TEST 
WITH  THE  VOLTAGE   NEAR  FLASHOVER 

The  discharge  clings  to  the  surface.    Air  not  ionized. 

FIG.   5 — DISCHARGE  WITH   VOLTAGE    MUCH    IN   EXCESS   OF   FLASHOVER 

Some  of  the  discharge  clings  to  the  surface,  but  most  of  it  takes 
the  shortest  path. 

resistance  so  that  no  spark  passed  between  the  terminals 
of  the  series  gap  when  the  current  was  broken.  Another 
condition  which  must  be  fulfilled  is  that  the  current 
through  the  transformer  must  be  alternatelv  reversed 
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in  order  that  the  core  will  remain  in  the  same  mag- 
netic state.  In  addition  to  the  foregoing  require- 
ments it  was  thought  desirable  to  be  able  to  control 
the  nature  of  the  impact  so  that  it  should  always  be 
positive  or  negative,  as  might  be  thought  necessary. 
These  conditions  were  all  fulfilled  by  the  rotating  de- 
vice shown  in  Fig.  8.  A  positive  or  negative  impact 
was  obtained  by  placing  a  rectifier  across  the  primary 
of  the  transformer.  Hence,  when  the  current  flowed 
in  one  direction  the  primary  was  practically  short-cir- 
cuited through  a  series  resistance  and  there  was  not 
sufficient  flux  to  make  an  impact,  while  with  the  current 
in  the  other  direction  the  flux  was  as  usual  and  an  im- 
pact occurred.  By  reversing  the  connections  of  the 
rectifier  the  impact  could  be  made  positive  or  negative. 
The  operation  of  the  rotating  contact  maker  is  as 
follows:  Suppose  B  to  be  positive.  \Micn  the  black 
end  of  the  arm  A  is  at  H  there  is  an  open  circuit ;  as  the 
arm  is  moved  to  B  contact  is  made  and  the  circuit  is 
closed ;  as  the  arm  is  moved  to  G  the  resistances  are  in- 
troduced until  the  circuit  is  broken  beyond  G.  When 
the  black  end  of  the  arm  is  at  B,  the  current  flows  from 
B  through  the  resistances  r^,  r,,  r^,  etc.,  then  through  the 
arm  itself  to  the  center,  then  through  an  ammeter  and 
switch  to  the  ])riniary  of  the  transformer,  thence  through 


charge  on  the  sphere  was  examined  by  bringing  up  a 
cork  ball,  suspended  by  a  long  cotton  thread  and  charged 
positively  by  bringing  it  in  contact  with  glass  that  had 


T.\BLE  IV- 


-RESULTS  OF  TESTS  BY  THE  DIRECT  CURRENT  I.MP.\CT 
.METHOD  .\T  V.\RIOUS  VOLT.\GES 


I-IG.   6 — OSCILLOGRAM   OF   VOLTAGE  CURVE  OF  TRANSFORMER   PRIMARY 
DURING   THE   CONTINUOUS    IMPULSE   TEST 

the  Other  side  of  the  switch  through  a  variable  resistance 
to  the  inner  ring  of  the  rotator.     The  brush  contact  E 
touches  the  inner  ring  which  is  connected  to  the  outer 
brush  P,  which  makes  contact  with  C,  completing  the 
circuit.    When  the  black  end  of  the  arm  is  at  C  the  cur- 
rent is  reversed  through  the  transformer,  the  same  re- 
sistances, ri,  Vn,  r,,  etc.,  being  introduced  into  the  circuit 
before  it  is  broken.    An  electromagnetic  counting  device 
is  placed  across  the  resistances  ?-,  and  r,  in  series  with  a 
lamp  so  that  every  time  the  current  is  made  it  operates. 
When  the  rectifier  is  working  the  number  of  impacts  will 
be  one-half  the  number  shown  by  the  indicator.  A  motor 
drives  the  arm  of  the  contact  maker  at  such  a  rate  that 
when  the  rectifier  is  working  there  is  about  one  contact 
per  second.    The  rectifier  is  constantly  excited  by  apply- 
ing about  five  amperes  direct  current  to  maintain  the  arc. 
Resistance./?;  regulates  the  amount  of  current  flowing 
through  the  branch  circuit,  R3  the  amount  of  direct  cur- 
rent supplied  the  rectifier,  and  R^  the  amount  of  current 
flowing  through  the  contact  maker.     The  resistance  R^ 
was  short-circuited  during  this  test. 

Whether  the  impulse  was  positive  or  negative  was 
determined  initially  as  follows:  Sphere  .?  of  the  series 
gap  was  insulated  from  ground,  a  spark  was  allowed 
to  pass,  thus  charging  the  sphere.     The  nature  of  the 


Results  with  ten  centimeter  gap;  240  000  volts  maximum 
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Results  with  6.5  centimeter  gap;  220  000  volts  maximum. 
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Results  with  5.5  centimeter  gap 
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Results  with  five  centimeter  gap;  215  000  volts  ms 
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been  rubbed  with  silk.  If  the  charge  on  the  sphere  was 
positive,  it  repelled  the  cork,  if  it  was  negative  it  at- 
tracted it.    With  a  given  connection  of  the  rectifier  the 
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charge   was   always   positive   or   negative,   as 
might  be. 

Tests  were  made  by  the  direct-current  impact  method 
to  see  if  there  was  any  difference  between  the  effect  of 
a  positive  or  negative  impact  on  the  insulator.  The 
character  of  discharge  obtained  under  these  conditions 

is  shown  in  Figs.  9,  10 
and  1 1  and  in  the  oscillo- 
grams. Figs.  12  to  21. 
The  test  was  also  de- 
signed to  investigate  the 
fatigue  of  insulators 
with  ])nsitive  and  nega- 
tive impulses,  in  partic- 
ular to  see  whether  it 
took  a  smaller  number 
of  impacts  to  break 
down     the    insulator    at 

FIG. --DISCHARGE  wrrH  60  CYCLE  ^  i  g '^  «  r    voltages    and 

VOLTAGE  GREATLY  IN  EXCESS  whether  there  was  a  dif- 

OF  FLASHovER  ^^^^^^^^    1)  e  t  w  c  c  u    the 

Most  of  the  discharge  takes  the  ...               , 

shortest  path.  number   ot    positive   and 

negative  impacts  required  at  those  voltages,  each 
insulator  being  subjected  to  2  000  impacts  unless  it 
broke  down  with  a  less  number.  Ihe  results  of  these 
tests  on  the  type  of  insulator  shown  in  Fig.  3  are 
given  in  Table  IV,  and  are  summarized  in  the  curves 
given  in  Fig.  22.  Each  point  on  these  curves  represents 
the  average  of  from  four  to  ten  insulators.  No  great 
claim  is  made  for  accuracy  but  the  curves  may  be  taken 
as  representing  typical  conditions.  As  some  of  the  in- 
sulators are  capable  of  with- 
standing more  than  2  000  ini- 
jxicts  the  averages  given  should 
b  e  considered  a  s  minimum 
values.  The  insulators  were  all 
taken  from  stock  and  had  not 
previously  been  tested.  The 
voltages  were  obtained  from 
the  oscillograms  taken  at  the 
same  time. 

The  voltage  scale  was  ob- 
tained from  the  direct-current 
line  shown  in  Fig.  20.  and  by 
reading  the  voltage  with  a  volt- 
meter when  a  60  cycle  wave 
was  taken.  The  oscillograms 
show  the  voltage  wave  of  the 
primary  of  the  transformer. 

Further  tests  were  made  to 
determine  the  relative  ease  of 
flashover  with  positive  and  neg- 
ative charges  under  different  conditions.    The  following 
results  were  obtained  with  a  six-centimeter  sphere  gap 
(90000  volts)  on  the  insulator  shown  in  Fig.  3: 

Case  I — With  the  head  subjected  to  positive  impacts  and 
the  pin  grounded,  one  hundred  impacts  resuUed  in  ninety-six 
flashovers. 

Case  II — With  no  change  in  any  part  of  tlie  apparatus,  the 
connections  of  the  insulator  were  interchanged  so  tliat  the  head 
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One  hundred  impacts 


was  grounded  and  tlie  pin  was  positive, 
resulted  in  nine  flashovers. 

Case  III — Tlie  connections  of  the  insulator  were  allowed 
to  remain  the  same,  but  the  terminals  of  the  mercury  rectifier 
were  interchanged,  thus  making  the  pin  negative  and  the  head 
remaining  grounded.  Under  these  circumstances  one  hundred 
impacts  resulted  in  fifty-nine  flashovers. 

Case  IV — With  the  apparatus  the  same  as  in  Case  III,  the 
connections  to  the  insulator  were  reversed,  making  the  head 
negative  and  the  pin  making  connection  with  the  ground.  This 
condition  only  produced  two  flashovers  in  one  hundred  impacts. 

The  foregoing  results  were  repeated  at  will. 

HIGIl-FREQUENCV    TESTS 

In  order  to  compare  the  eft'ect  of  a  high-frequency 
superimposed  on  a  60-cycle  wave,  as  obtained  in  the 


-DI.-\GRAM    OF   CONNECTIONS    FOR   DIRECT-CURRENT    SINGLE 
IMPACT   TEST 

Imlay  and  Thomas  or  continuous  impulse  test,  with 
high-frequency  alone,  a  series  of  tests  was  made  on  the 
same  type  of  insulator,  with  high-frequency  obtained  by 
means  of  a  Tesla  coil  with  the  connections  as  shown  in 
Fig.  2^1.  The  coil  was  designed  to  stand  250  000  volts 
between  the  primary  and  secondary  under  oil.  The  con- 
nections between  the  Tesla  coil  and  the  insulator  were 
made  by  one-inch  brass  tube  and  were  so  arranged  that 
the  insulator  could  be  exactly  in  the  same  relative  po- 
sition as  in  all  the  i>revious  methods  of  test.     The  char- 


FIG.  9 


Fi: 


FIG.    II 

Discharge    hhown 


FIG.  10 
9 — Negative    discharge   of    direct-current   high    frequencj-   test, 
clinging  to  the  surface. 
Fig.   ID — Positive  discharge  of   direct-current  high    frequency  test.     .\ir   ionized.     Dis- 
charge takes  shortest  path. 
Fig.  II — Positive  and  negative  discharges  of  direct-current  high  frequency  test.   The  mer- 
cury rectifier  was  not  working,  causing  the  discharge  to  be  alternately  positive  and  nega- 
tive.    Half  of  the  discharge  clings  to  the  surface,  the  other  half  takes  the  shortest  path. 

acter  of  discharge  obtained  with  high-frequency  is 
shown  in  Figs.  24  and  25.  Tests  were  made  with  the 
Tesla  coil  on  ten  new  insulators  chosen  at  random ;  they 
were  subjected  for  one  minute  to  various  voltages  as 
shown  in  Table  V.  until  a  voltage  was  found  that  would 
cause  a  breakdown  at  that  time.  Quite  a  number  of  new 
insulators  were  tested  in  addition  to  those  recorded  in 
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Table  V  which  confirmed  the  resuUs  given.  No  insu- 
lator was  found  which  would  stand  139500  volts  from 
the  Tcsla  coil  for  one  minute;  the  voltage  being  mea- 
sured I)y  means  of  the  spark-gap  in  ])arallel  with  the 
insulator.  Below  flashover  of  the  insulator,  the  spark- 
gap  alone  flashed  over,  .\bove  flashover  of  the  insulator 
care  had  to  be  exercised  that  the  parallel  gap  sparked, 
as  it  was  frnind  that  the  insulalnr  effected  the  sjtark-gap 


purpose,  being  of  the  same  dimensions  as  the  test  cups 
used  for  testing  out  insulating  materials ; — 2j^  in.  out- 
side diameter;  2^  in.  inside  diameter  at  the  top  and  ij4 
in.  at  the  Ijottom ;  height  outside,  2^  in. ;  thickness  of 
bottom.  3/16  in.  The  unglazed  cu]«  were  tested  sep- 
arately in  a  large  tank  of  oil.  being  set  on  a  plate  of  brass 
with  rounded  edges  four  inches  in  diameter,  and  with  a 
siuall  ;mi(iunt  of  mercury  in<id.o  the  cup  to  make  good 


I'l 


14 


16 


FIG.   12 — WAVK  FORM  of  THE  NKGATIVE  DISCH.VRGE  WITH   A   I-IVE  CM. 
GAP,  VOLTAGE  BEI.OW    FLASHOVER 

This  film  .shows  the  steepness  of  the  wave  impressed  on 
the  sphere  gap  and  that  the  positive  potential  is  aliont  one-fifth 
of  the  maximum  of  tlic  negative.  Also  that  the  positive  poten- 
tial is  cut  down  gradually.  About  200000  volts  ma.ximnm  was 
obtained  with  the  negative  without  flashover  The  amount  of 
positive  potential  in  this  case  could  have  been  changed  bj- 
changing  R-. 

FIG.    13 — WAVE    FOK.Vl    OF    THE   TRANSFORMER    PRIMARY    WITH    A 
SI-\    CM.    GAP 

The  discharge  is  positive.  It  shows  that  the  insulator 
flashed  over  at  150000  volts,  and  as  the  energy  was  still  suf- 
ficient it  flashed  over  again.  The  third  time  the  insulator 
charged,  but  did  not  discharge. 

FIG.    14 — NEGATH-E   IIISCHARCE   WITH    A    SIX   CM.   GAP 

No  flashover  occurcd,  although  the  maximum  voltage  and  other 
conditions  were  the  same  as  in  Fig.  13. 

FIG.    15 — NEGATIVE  DISCHARGE   WITH    A   6.5    CM.    GAP 

Flashover  with  the  negative  occurs  at  about  220000  volts  maxi- 
mum.    One  discharge  only  occurred. 

FIG.    16 — TWO  POSITIVE  DISCHARGES   PER  CYCLE  WITH   A  7.85  CM.  GAP 

The  flashover  occurs  at  the  same  voltage  as  before — 180000 
volts  maximum. 

length  in  a  luarked  manner.     The  high-frcnuoncy  voltage 
was  regulated  by  the  distance  between  the  zinc  plates. 

ADUITIONAI.    TESTS    ON    POKCEL.MN    TEST    PIECES 

Tests  were  made  to  determine  whether  the  break- 
down of  electrical  porcelain  is  due  to  the  electrical 
stress  or  to  the  heating  caused  by  the  leakage  current. 
Special  glazed  and  unglazed  cylindrical  porcelain  cups 
were  used  which  bad  been  designed  especially  for  this 


FlC.    17 — TWO   NEGATIVE  DISCHARGES    WITH   A   7.85   CM.   GAP 

The  first  flashover  occurred  at  about  200000  volts. 

FIG.     18 — POSITIVE    AND     NEGATIVE    DISCHARGES     OCCURRING     AI.TER- 
N.VTELY   WITH   THE    MERCURY   RECTIFIER  DISCONNECTED 

The  same  conditions  obtained  as  with  Figs.  18  and  10,  with 
a  7. 85  cm.  gap.  Probably  the  amount  and  sign  of  the  charge 
left  on  the  insulator  has  something  to  do  with  the  initial  flash- 
over  voltage.  This  film  also  shows  that  the  potential  caused  by 
breaking  the  circuit  is  very  small  for  both  positive  and  negative 
potentials. 

FIG.    19 — I-OSITIVE   DISCHARGES    WITH    AN   EIGHT   CM.   GAP 

Four  discharges  occurred  at  about  210000  volts.  .V  negative 
potential  is  somewhat  higher  than  with  a  smaller  gap.  Com- 
parison witli  the  25  cycle  wave  taken  simultaneously  on  the 
ix)ttom  of  the  film  shows  that  a  flashover  occurs  once  every 
two-hundredth  of  a  second. 

FIG.   20 — SIX    NEGATIVE   DISCHARGES    WITH    A    TEN    CM.   GAP 

The  average  flashover  voltage  is  about  200000  volts.  A 
line  showing  the  equivalent  of  78000  volts  direct  current,  and 
also  a  25  cycle  wave,  are  shown  The  time  for  a  flashover  is 
about  one-tw'o  hundred  and  fiftieth  of  a  second. 

FIG.    21 — A    NEGATIVE   IMPULSE   OF   39O  OOO  VOLTS    PRODUCED    BY    THE 
DIRECT-CURRENT    HIGH    FREQUENCY    METHOD 

contact.  The  cups  were  tested  for  live  miiuites  or  until 
breakdown.  1  hose  which  did  not  break  down  in  five 
minutes  w  ere  tested  at  higher  voltages  to  see  what  volt- 
age woukl  break  them  down ;  this  was  found  in  most 
cases  to  be  56  000  volts.  As  some  time  was  used  in 
adjusting  for  this  voltage,  the  instantaneous  voltage  may 
be  taken  as  about  58  000  volts.  The  results  of  these  tests 
are  shown  in   Table  \  1. 
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To  determine  whether  there  was  any  difference  in 
the  breakdown  strength  of  glazed  and  unglazed  porce- 
lains similar  tests  were  run  with  glazed  cups,  under  oil, 
at  60  cycles,  the  voltage  being  increased  until  a  break- 
down occurred.  Comparative  resiilts  are  shown  in  Table 
VII.  According 
to  these  tests  the 
glazed  porcelain 
was  14  percent 
stronger  than 
the  unglazed. 

An  additional 
test  w  a  s  made 
by  bringing  the 
voltage  up  to  a 
given  value  at  60 
cycles  and  then 
quickly  d  r  o  p  - 
ping  it  700  or 
800  volts,  which 
was  maintained 
for  two  minutes ;  at  the  close  of  tliis  time  the  same  pro- 
cess was  repeated  again,  and  so  on  until  a  voltage  was 
reached  which  caused  a  breakdown-  At  38  300  volts  the 
cup  broke  down  in  40  seconds,  although  it  had  momen- 
tarily been  raised  to  39  150  volts  at  the  start. 

A  test  was  made  on  two  glazed  cups  with  the  con- 
tinuous imjiulse  method,  with  the  cup  filled  with  oil,  but 
with  air  outside.  The  flashover  voltage  was  43000 
volts.  A  continuous  test  was  made  on  the  first  cup  for 
a  half  hour  at  30  360  volts  with  the  cup  in  air  but  with 

TABLE  V— RESULTS  OF  TEST  WITH  HIGH  FREQUE.XCY  OBTAI.XED 
FROM  A  TESLA  COIL 
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riG.   22 — COMPARISON   OF   BREAKDOWN 

STRENTH  OF  PORCELAIN  WITH  POSITIVE  AND 

NEG.\TIVE    IMPULSE 


Effective  Voltage 

Comments 

93  000 

Ten  stood.     Small  amount  of  corona. 

99750 

Ten  stood.     Larger  amount  of  corona. 

105  000 

No.  35  failed.      Nine  stood.      Corona  and  several  flashovers. 

no  000 

No.  33  failed  in  eight  seconds.     Eight  stood.      Continuous 

flashover. 

115  000 

No.    31    failed    in    39    seconds.     Seven    stood.      Continuous 

flashover. 

120  000 

No.  27  failed  in  17  seconds.     Six  stood.      Continuous  flash- 

over. 

125  000 

No.    29    failed    in    53    seconds.     Five    stood.      Continuous 

flashover. 

130  000 

No.  26  failed  in  50  seconds.      Four  stood.      Continuous 

flashover. 

135  000 

No.   34  failed  in  43   seconds.     Three  stood.     Ccntinuous 

flashover. 

139  500 

No.  30  failed  in  16  seconds.     The  one  left  was  not  tested 

further.     Continuous  flashover. 

RELATION    OF    THE   THEORY   OF    IONIZATION    TO   THE   TEST 
RESULTS 

The  time  of  ionization  plays  a  very  important  |>art 
in  the  breakdown  strength  of  insulators.  It  had  pre- 
viously been  thought  that  it  was  possible  to  design  an 
insidator  so  that  it  would  flash  over  rather  than  punc- 
ture. However,  the  experiments  show  that  it  is  possible 
to  have  a  breakdown  below  flashover.  This  result  was 
probably  due  to  poor  character  of  porcelain,  although 
the  samples  tested  were  of  average  strength.  A  very 
important  result  is  that  it  is  possible  to  raise  the  volt- 
age on  the  insulator  al)0ve  the  normal  6o-cycle  flashover 
value  if  high   frequency  is  used.     The  results  indicate 

TABLE  VI— RESULTS  OF  TESTS  ON  UNGLAZED  PORCELAIN  CUPS 


oil  inside.  The  temperature  of  the  oil  rose  four  and  one- 
half  degrees  centigrade,  but  no  breakdown  took  place. 
The  cup  was  then  placed  in  oil  and  tested  at  39  900  volts, 
at  which  voltage  it  broke  down  in  one  and  one-half 
minutes.  A  second  sample,  tested  at  41  100  volts  as 
above,  liroke  down  in  three  seconds. 

With  the  Imlay  and  Thomas  impulse  method  tests 
were  made  on  samples  of  glazed  porcelain  cups  under 
oil.  The  breakdown  voltage  and  the  number  of  im- 
pulses necessary  to  cause  a  breakdown  at  that  voltage 
are  given  in  Table  VIII.  Most  of  the  insulators  had 
been  tested  at  several  other  voltages  before  that  which 
caused  the  breakdown  was  a].)]jlied. 


Test  Voltage 

Time   of  failure 

Test  Voltage 

Time  of  failure 

50  000 
50  000 
50  000 
50  000 
50  000 

Failed  in     i  second. 
Failed  in  13  seconds. 
Failed  in    4  seconds. 
Failed  in    5  seconds. 
Failed  in  H  second. 

Avg.  sec.4.7 

43  000 
43  000 
43  000 
43  000 
43  000 

Failed  in  2  seconds. 
Failed  in  13  seconds. 
Failed  in  13  seconds. 
Failed  in  25  seconds. 
Failed  in    3  seconds. 

Avg. sec.  II 

40  200 
40  200 
40  200 
40  200 

40  200 

Failed  in    48  seconds 
Failed  in  120  seconds 
Failed  in      3  seconds 
Failed  in    21  seconds 
Failed  in       i  second 

Average  39 

37  500 
37  500 
37  500 
37  500 
37  500 

Failed  in  42  seconds. 
Failed  in  80  seconds. 
Failed  in  35  seconds. 
Failed  in    i  second. 
Failed  in  53  seconds. 

Average  42 

34  Sou 
34  800 
34  800 
34  800 
34  800 
34  800 

Failed  in  185  seconds 
Failed  in    67  eeconds 
Failed  in    30  seconds 
Unbroken  in  300  sec. 
Failed  in  3  seconds. 
Unbroken  in  300  sec. 

Average     7 1 

30  150 
30  150 
30  ISO 
30  150 
30  ISO 

[Failed  in    10  seconds 
Unbroken  in  300  sec. 
1  Failed  in  17  seconds 
Unbroken  in  300  sec 
Unbroken  in  300  sec 

Average   180 

that  with  sixty  cycles,  no  matter  how  high  the  applied 
voltage  is,  the  voltage  on  the  insulator  is  never  much 
above  the  ordinary  flashover  value,  as  the  insulator  is 
])ractically  short-circuited,  hence  few  breakdowns  occur. 
This  is  shown  clearly  in  Fig.  7,  where  the  discharge 
takes  the  shortest  air  path.  However,  the  character  of 
the  discharge  is  entirely  dift'erent  at  high-frequency  as 
it  clings  to  the  surface  and  the  voltage  on  the  insulator 
can  be  raised  a  sufiicient  amount  to  cause  a  breakdown. 
The  reason  is  that  with  high-frequency  there  is  not 
sufficient  time  to  ionize  the  air,  so  that  the  discharge 
flows  over  the  surface,  as  shown  in  Figs.  24  and  25.  The 
higher  the  voltage  the  less  is  the  time  for  ionization  and 
the  greater  is  the  stress  on  the  insulator. 

Figs.  9  and  10  indicate  clearly  that  the  negative  po- 
tential i(jnizes  the  air  l)etter  when  on  the  pin  than  when 


FIG.   23 — DIAGRAM   OF   CONNECTIONS   FOR  TESTING  WITH    HIGH 
FREQUENCY    FROM    A   TESLA    COIL 

on  the  insulator  head-  As  it  is  hard  to  ionize  the  air 
with  the  negative  impulse  on  the  insulator  head  and  thus 
relieve  the  pressure,  it  is  possible  with  negative  im- 
pulses to  raise  the  voltage  above  the  flashover  value  ob- 
tained for  positive  discharges.  Hence,  it  is  seen  why 
at  the  same  voltage,  breakdown  occurs  more  quickly 
with  a  negative  impulse  than  with  a  positive  one.     The 
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explanation  of  this  is  similar  to  that  for  the  discharge 
between  a  point  and  a  plane;  if  the  point  is  negative  a 
spark  will  pass  at  a  lower  voltage  than  if  it  is  positive. 

The  Imlay  and  Thomas  impulse  consists  in  part  of 
sixty  cycles  and  in  part  of  high-frequency  discharges. 
This  is  shown  in  Fig.  4,  where  part  of  the  discharge  fol- 
lows the  shortest  air  path  and  part  follows  the  surface. 
At  voltages  near  flashovers  the  discharge  is  all  on  the 


TABLE  VII 


-COMPARISON  BETWEEN  BREAKDOWN  VOLTAGES  OF 
GLAZED  AND  UNGLAZED  PORCELAIN 


Glazed 

Lnclazea 

Breakdown  voltace 

Breakdown  vol  [aye 

37  350 

45  000 

44  000 

43  200 

3S000 

45  000 

36  100 

4i  000 

36  200 

42  000 

38  300 

42  000 

39  000 

37  780  Avg. 

48  000 

43  250    Avg. 

— 1 

surface  as  shown  in  Fig.  5.  Figs.  11  and  i  show  the 
alternate  positive  and  negative  discharge.  To  the  eye. 
the  discharge  appears  to  go  over  the  surface  and  then 
outside  of  it,  following  the  shortest  air  path,  or  vice 
versa.  The  positive  charge  making  the  discharge  on  the 
outside  and  the  negative  the  one  that  follows  the  surface 

THE  RELATION  OF  THE  RESULTS  TO  THE  DESIGN  OF 
INSULATORS 

In  order  to  design  an  insulator  properly  it  is  neces- 
sary to  take  into  account  the  frequency  at  which  it  is  to 
be  used.  Owing  to  the  time  for  ionisation  being  dif- 
ferent at  different  frequencies,  the  stress  can  be  distrib- 
uted differently.     For  instance,  with  the  type  of  insu- 


perbajjs  four  times  higher  voltage  than  its  flashover  and 
a  breakdown  occurred  in  less  than  a  half  minute.    Here, 
although  the  air  path  was  very  short,  the  frequency  was 
so  great  that  the  stress  was  applied  all  the  time  without 
ionizing  the  air  and  relieving  the  strain.  The  weak  place 
in  the  insulator  shown  in  Fig.  3  was  found  to  be  between 
the  cement  and  the  pin.     Of  course,  if  the  insulator  is 
immersed  in  oil  the  distribution  of  stress  is  different,  as 
it  is  in  a  different  dielectric,  also  the  time  of 
ionisation  is  different.     Hence,  the  break- 
down at  60  cycles  under  oil  for  Fig.  3  was 
found  to  be  from  the  base  of  the  head  to  the 
pin.     With  the  direct-current  impact  test  it 
was  observed  that  this  insulator  first  broke 
through  the  lower  petticoat  at  the  cement  to 
the  ])in  and  then  broke  down  between  the 
])in  and  the  head,  for  both  positive  and  negative  impacts. 
Attention  should  be  paid  to  the  relation  of  the  ca- 
pacity of  the  upper  petticoat  to  that  of  the  lower,  as  the 
distribution  of  stress  between  them  may  be  important. 

PROPERTIES  OF  PORCELAIN 

The  tests  made  by  the  authors  indicate  that  the 
breakdown  of  the  porcelain  tested  was  not  due  to  heat- 
ing, but  solely  to  the  electrical  stress.  In  one  case  al- 
ready cited  the  temperature  of  the  oil  in  a  porcelain  cup 
rose  only  four  degrees  C.  in  a  half  hour,  although  the 
stress  was  not  much  below  the  breakdown  value.  In 
the  direct-current  impact  test  there  is  no  opportunity 
for  heating,  as  the  voltage  is  applied  only  for  an  instant 
and  then  is  removed  for  a  relatively  long  time,  .\bout 
ten  percent  of  the  insulators  tested  seem  to  be  consid- 
erably stronger  than  the  average.  The  glazed  specimens 
of  porcelain  tested  required  a  higher  breakdown  volt- 
age than  the  unglazed. 

The  character  of  the  breakdown  seems  to  depend  on 
the  frequency.  With  high-frequency  a  pinhole  usually 
resulted  which  was  often  hard  to  locate.  With  60  cycles 
under  oil  a  disruptive  discharge  took  place  which  many 

TABLE  VIII— BREAKDOWN  VOLTAGE  OF  GLAZED  PORCELAIN  CUPS 
WITH  THE  SHORT  IMPULSE  TEST 


Effective  VoltaKe 

No.  of  Impulses 

30  000 

-'5 

42  600 

3 

44400 

9 

46300 

8 

40  500 

2 

S3  2S0 

6 

SSOSO 

I 

-.'iS  O-SO 

4 

rii-..  24  FIG.  25 

Fig.  24— Discharge   from  Tesla  coil  with  voltage  ju.st  above  flash- 
over.   The  discharge  clings  to  the  surface.    Air  not  ionized. 
Fig.  25— Discharge  from  a  Tesla  i. .il  with  the  voltage  much  in 
excess  of  flashover.    The  dischargr  still  clings  to  the  surface. 

later  shown  in  Fig.  26  at  60  cycles,  the  discharge  will  go 
as  shown  and  the  stress  will  be  between  the  top  of  the 
insulator  A  and  the  top  of  the  pin  B.  However,  at  high 
frequency,  as  the  discharge  follows  the  surface,  great 
stress  will  occur  between  B  and  C.  Hence  it  was  found 
that  with  the  Tesla  coil  and  also  with  the  Imlay  and 
Thomas  method,  breakdown  occurred  between  B  and  C. 
A  very  small  insulator  was  tested  with  the  Tesla  coil  at 


times  left  a  large  hole  and  scattered  particles  of  the 
jiorcelain  about. 

In  testing  the  type  of  insulator  shown  in  Fig.  26 
led  streamers  occurred  in  a  permanent  position  be- 
neath the  glaze.  The  length  of  the  streamers  changed 
with  the  voltage.  The  cause  of  this  phenomenon  is  not 
known  but  it  may  be  due  to  gas  in  cracks  covered  by 
the  brown  glaze. 

FATIGUE  OF  ELECTRIC  PORCELAIN 

The  experiments  siiow  that  under  the  conditions  of 
the  tests,  the  insulators  were  permanently  injured  by 
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FIG.     27 — CURVE     SHOWING     FATIGUE    OF    AN 

UNGLAZED    PORCELAIN    CUP   TESTED    AT 

60    CYCLES    UNDER    OIL 


the  testing.  The  curves  in  Fig.  27  show  that  a  voUage 
which  is  only  40  percent  of  the  instantaneous  break- 
down vahie  caused  the  porcelain  to  be  weakened,  the 
j.niount  of  weakening  depending  on  the  time  the  voltage 
was  applied.  The  form  of  the  curve  is  the  same  as  that 
for  fullerboard. 
The  same  con- 
clusion as  to  the 
fatigue  of  porce- 
lain is  confirnied 
by  the  curve 
shown  in  Fig. 
22,  showing  the 
results  of  tests 
made  in  air  by 
the  direct  -  cur- 
rent impact 
method.  If  there 
was  no  fatigue 
the  insulator  would  stand  an  indefinite  number  of  im- 
pacts at  a  given  voltage  if  it  would  stand  one.  Hence  the 
curve  indicates  that  each  impact  injured  the  porcelain 
a  certain  amount,  and  that  the  injury  is  greater  the 
higher  the  voltage.  These  experiments  also  confirm 
the  opinion  that  breakdown  is  due  to  electrical  stress 
and  not  to  heating.  A  still  further  demonstration  that 
breakdown  is  caused  by  fatigue  is  that  in  which  the 
voltage  across  a  porcelain  cup  was  raised  above  that 
?t  which  it  finally  broke  down. 

COMPARISON    OF    DIFFERENT    METHODS    OF    TEST 

/ — The  Sixty  Cycle  Test  is  fairly  satisfactory  below  the 
flashover  voltage.  Still  it  is  not  searching  enough,  as  quite  a 
number  of  insulators  were  found  which  had  been  tested  by  this 
method  which  punctured  through  the  lower  part  of  the  lower 
petticoat  when  tested  at  high  frequency  with  a  slightly  greater 
voltage. _  It  would  seem  of  little  value  to  test  with  60  cycles 
under  oil,  as  the  stresses  are  applied  differently  than  in  air.  A 
test  in  oil  might  be  of  advantage  in  a  design  test  of  insulators 
to  determine  the  dielectric  strength  of  the  material. 

•? — The  Continuous  Impulse  Test  is  better  than  the  60  cycles 
test  as  the  impulse  has  a  high  frequency  discharge  in  addition  to 
the  60  cycles.  This  method  could  be  easily  set  up  in  a  factory  by 
simply  adding  a  large  condenser  and  spark  gap  to  the  ordinary 
equipment.  This  method  has  the  disadvantage  that  only  a  few 
insulators  can  be  tested  at  one  time,  as  the  capacity  of  the  con- 
denser must  be  much  larger  than  the  capacity  of  the  insulator 
tested.  Fig.  4  shows  that  with  this  test  near  the  flashover  vakie 
the  discharge  clings  to  the  surface,  which  means  that  the  strain 
is  on  the  insulator.  Fig.  5  shows  the  form  of  discharge  at  a 
much  higher  voltage.  Here  it  is  shown  that  some  of  the  dis- 
charge still  clings  to  the  surface,  although  the  air  has  been 
ionized  and  part  of  the  discharge  is  passing  through  the  air.  It 
has  been  proven  that  by  this  method  the  voltage  on  the  insulator 
can  be  increased  much  above  the  ordinary  flashover  voltage 
measured  at  60  cycles.  Hence,  this  is  a  much  better  test  than 
60  cycles  alone. 

3 — The  Imlay  and  Thomas  Impulse  Test  has  the  disadvan- 
tage that  some  mechanical  device  is  necessary  to  make  and  break 
the  primary  current.  A  difference  exists  between  the  short  im- 
pulse and  continuous  test  in  that  the  short  impulse  has  to 
ionise  the  air  anew  each  time.  Hence,  as  strains  are  set  up  and 
puncture  sometimes  takes  place  before  there  is  time  to  ionize 
the  air,  the  short  impulse  is  probably  more  severe.  In  addition 
to  the  foregoing,  if  there  are  any  surges  set  up  on  opening  or 
closing  of  the  circuit  these  also  will  make  the  test  more  severe. 
The  Imlay  and  Thomas  test  as  at  present  set  up  has  the  disad- 
vantage that  the  circuit  of  the  primary  of  the  transformer  is 
made  at  different  parts  of  the  cycle  of  the  alternating-current 
wave  and  with  the  core  at  different  states  of  magnetization. 
Hence,  the  nature  of  the  impulses  is  somewhat  indefinite.  The 
number  of  insulators  which  can  be  tested  at  one  time  is  limited, 
as  with  all  the  other  high  frequency  methods.    With  this  method 


the  number  of  impulses  in  a  wave  train  is  different  at  different 
times. 

4 — The  Direet-Currcnt  Impact  Method  was  devised  to  over- 
come the  objections  to  the  Imlay  and  Thomas  method  and  to 
make  the  test  more  definite.  The  oscillograph  curves  show  that 
the  voltage  is  applied  very  abruptly,  and  hence  reproduces  the 
conditions  of  a  lightning  stroke.  The  charge  can  also  be  made 
positive  or  negative  as  occurs  in  nature  in  a  thunderstorm.  With 
this  method  the  voltage  can  be  applied  so  quickly  that  there  will 
not  be  sufficient  time  to  ionize  the  air  of  the  spark  gap.  This 
occurred  in  the  course  of  the  experiments,  and  it  was  found 
necessary  to  introduce  a  choke  coil  into  the  primary  of  the 
transformer.  In  this  way  the  steepness  of  the  wave  was  re- 
duced, and  the  time  for  ionization  increased,  causing  the  spark 
gap  to  work.  By  this  method  a  voltage  may  be  impressed  on  the 
insulator  in  excess  of  the  60  cycle  flashover  voltage,  and  by 
means  of  the  oscillograph  and  counter  it  is  possible  to  find  out 
the  number  of  impacts  given  the  insulator.* 

^ — The  Tesla  Coil  method  has  the  advantage  of  portability 
and  can  be  used  for  testing  insulators  on  the  poles.  The  severity 
of  the  test  depends  on  the  coupling  of  the  Tesla  transformers. 

For  factory  use,  the  best  single  test  is  probably  the 

direct-current  impact  method.     If  this  method  is  to  be 

used,  ten  impulses  could  be  given  at  about  five  percent 

higher  voltage  than  the  flashover  voltage  at  60  cycles. 

Tt  would  seem  to  be  of  little  advantage  to  test  insulators 

below  their  flashover  voltages.     If  the  Tesla  test  is  to 

be   used   the   voltage   should   be   at   least    five   percent 

higher  than  the  flashover  voltage  on  60  cycles.     It  is 

much  better  to  test  insulators  for  a  brief  time  at  a  high 

voltage  than  for  a  longer  time  at  a  lower  voltage.     By 

using  a  high  voltage  test  one  is  sure  that  the  insulators 

will   stand  that   voltage,  also  there  is  an   economy   of 


tmie. 


CONCLUSIOXS 


These  tests  were  made  on  a  limited  number  of  in- 
sulators and  while  the  results  that  are  of  a  laboratory 
nature  are  entitled  to  considerable  confidence,  it  would 
require  the  testing  of  a  much  greatei  number  of  in- 
sulators to  determine  just  what  kind  or  method  of  test 
would  be  most  suitable  for  commercial  purposes.  The 
tests  indicate  that  the  following  conclusions  are  war- 
ranted : 

I — Bv  means  of  high  frequency  it  is  possible  to 
raise  the  voltage  on  an  insulator  in  air  above  the  60 
cycle  flashover  voltage. 

2 — Inasmuch  as  the  same  breakdown  voltage  was 
obtained  with  the  Tesla  Coil,  the  Imlay  and  Thomas 
test  and  60  cycles  under  oil  it  is  concluded  that  the 
trequency  of  itself  has  little  efifect  on  the  breakdown 
strength.  The  efifect  of  high  frequency  is  to  raise  the 
voltage  which  can  be  applied  to  the  insulator  in  air. 
Hence,  the  breakdown  is  due  to  the  voltage  primarily 
and  not  the  frequency. 

3 — The  breakdown  of  porcelain  is  due  to  the  elec- 
trostatic stress  and  not  to  heating. 

4 — The  character  of  the  breakdown  at  high  fre- 
(  uency  and  60  cycles  was  difterent. 

5 — It  would  seem  of  little  use  to  apply  a  high  fre- 
quency test  of  any  kind  to  insulators  below  the  60 
cycle  flashover  value. 

6 — Porcelain  appears  to  be  fatigued  by  the  applica- 
tion of  potentials  above  a  certain  unit  stress. 


*For  additional  information  concerning  the  different 
methods  of  testing  electrical  porcelain,  see  Mr.  R.  P.  Jackson's 
discussion  of  Creighton's  paper  previously  referred  to. 
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Interlacing  of  Transformer  Coils 

111  distrilmtiiig  transformers  good  regulation  is  very  im- 
portant for  satisfactory  service.  There  are  two  things  which 
tend  to  give  poor  regulation,  resistance  and  leakage  reactance. 
The  resistance  drop  can  be  reduced  by  using  more  copper,  but 
this  can  only  be  carried  as  far  as  the  improvement  in  regulation 
will  warrant  the  extra  expense  for  copper.  Increasing  the 
amount  of  copper  also  increases  the  length  of  the  magnetic 
circuit,  thus  increasing  the  core  loss  and  leakage. 

Leakage  reactance  is  generally  reduced  by  "interlacing"  the 
windings.  The  high-tension  windings  are  wound  in  sections 
and  assembled  between  tlio  low-tension  sections.  One  method 
of  interlacing  used  on  .small  transformers  is  shown  in  Fig.  I. 


ILjyiii:  -' 

Fig.  1  ISi     E3  FiK     2  Fi(;     J 

It  will  readily  be  seen  that  with  this  arrangement  of  mils  less 
flux  will  be  able  to  link  with  the  high  tension  without  linking 
also  with  the  low-tension  windings  than  if  the  high  and  low 
tension  windings  were  each  wound  in  one  group  as  in  Fig.  2. 
With  large  transformers  more  subdivisions  may  be  used,  giving 
an  arrangement  like  Fig.  3,  which  shows  a  large  shell-type 
transformer.  Interlacing  is  not  very  expensive,  and  it  is  effec- 
tive in  improving  regulation,  especially  with  low  power-factor 
loads  on  the  transformer.* 


Magnetic  N\'edges 

In  induction  motor-winding  a  senii-clused  slot  is  sometimes 
desirable,   as   it  makes   it   easier   to   obtain   good   power-factor, 

although  it  makes  the  winding 
more  difficult.  To  obtain  the  ad- 
vantages of  ease  of  winding  and 
insulation  which  are  inherent  in 
open  slot  construction  along  with 
good  power-factor,  open  slots 
and  magnetic  wedges  may  be 
used.  One  form  of  magnetic 
wedge  is  shown  in  Fig.  i.  The 
wedge  consists  of  two  steel 
pieces  held  against  the  slot  sides 
by  a  center  brass  wedge.  In 
order  to  avoid  short-circuiting  the  laminations  a  heavy  paper 
cell  is  placed  in  the  slot  before  the  steel  liners  are  inserted. 
When  these  are  placed  the  brass  center  wedge  is  driven  in. 
Each  wedge  is  tested  for  insulation   from  the  frame. 


Two  Commutating  Poles  on  Four-Pole  Motors 

For  manufacturing  reasons  it  is  often  desirable  to  use  only 
two  commutating  poles  on  a  small  four-pole  motor.  As  a  coil 
comes  under  the  brush  for  commutation  the  direction  of  current 
is  chan.gcd  in  the  coil,  as  shown  in  Fig.  i.  Since  this  coil  is 
embedded  in  an  iron  slot,  it  has  an  inductance  which  will  fur- 
nish a  voltage  tending  to  maintain  the  current  in  its  original 
direction ;    and    if    the    coil    undergoing   commutation    is    in    a 


neutral  space  where  it  is  cutting  no  flu.x,  there  is  nothing  to 
counteract  this  inductive  voltage.  The  function  of  the  com- 
mutating pole  is  to  counteract  the  effect  of  armature  reaction, 
Fig.  2,  and  in  addition  furnish  a  flux  of  the  proper  direction 
and  magnitude  such  that  the  movement  of  the  coil  through  this 
flu.K  will  generate  an  e.m.f.  in  the  coil,  which  will  reduce  the 
current  to  zero  and  build  it  up  to  full-load  value  in  the  other 
direction  during  the  time  the  coil  is  short-circuited  by  the 
brushes. 

The  ampere-turns  on  the  commutating  pole  can  be  sep- 
arated into  two  parts ;  one  part,  .1  in  Fig.  4.  balances  the 
m.m.f.  of  armature  reaction  ;  the  other  part  B  forces  the  neces- 
sary flux  through  the  reluctance  of  the  path.  In  a  four-pole 
machine  with  four  commutating  poles  each  coil  undergoing 
commutation  is  cutting  the  flux  from  two  commutating  poles, 
one  on  each  coil  side,  Fig.  3.  If  two  south  commutating  poles 
are  removed,  each  coil  undergoing  commutation  will  be  cutting 
flux    from    one    pole    only.      In    order    to    compensate    for    the 


inductive  voltage  in  the  coil,  the  flux  from  this  one  pole  must 
be  double  what  it  was  before.  This  does  not  mean  that  the 
total  ampere-turns  will  be  doubled,  but  only  that  part  R  which 
forces  the  flu.x  through  the  reluctance  of  the  path.  With  four 
poles  each  pole  must  have  .-/  turns  to  overcome  armature 
reaction  and  B  turns  to  furnish  the  commutating  flux,  making 
a  total  of  A  plus  B  per  pole.  With  two  poles.  Fig.  5,  each  pole 
must  have  A  turns  to  overcome  armature  reaction  and  2S 
turns  to  furnish  the  commutating  flux,  thus  making  a  total  of 
A  plus  2B  turns  per  pole.    The  ratio  of  turns  per  pole  for  two 


and  four  poles  is 


.-( 


.'/? 


Since  A  is  larger  than  B  this  ratio 


*See  article  on   "Magnetic   Leakage   in   Transformers."  by 
Mr.  E.  G.  Reed,  in  the  Joirnai.  for  ^lay,  1910,  p.  3<)6. 


A  +  B 

instead  of  being  2  is  about  i]4-  This,  of  course,  assumes  that 
the  commutating  jwle  path  is  unsaturated,  which  is  necessary 
in  order  to  have  the  proper  commutating  flux  over  the  entire 
range  of  load. 

The  total  ampere-turns  on  a  four-pole  machine  are 
j(./  -j-  B),  on  a  two-pole  machine  2(A  ■+■  zB),  so  that  with 
a  two-pole  machine  2A  ampere-turns  are  saved.  (See  also 
Q.  B.  nil,  Sept.,  '14). 
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Our  subscribere  are  invited  to  use  this  depajtment  as  a  means  of  securing  authentic  inforniatjon  on  electricaj  and  mechaoical  sutjects. 
Quastions  concerning  general  engineering  theory  or  practice  and  questions  regarding  apparatus  or  materials  desired  for  particular  needs  will  be 
answered.     Specific  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  cannot  be  supplied  through  this  department. 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  personal  reply  is  mailed  to  each  questioner 
as  soon  as  the  necessary  information  is  available,  however,  as  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reason- 
able length  of  time  should  be  allowed  before  expecting  a  reply.     Care  should  be  used  to  furnish  alt  data  needed  for  an  intelligent  answer. 


1 191 — Transformer     Connections — 1 

have  two  2(1  k\v  transfoi'mers  con- 
nected in  open  delta.  ( a )  Please 
show  how  to  connect  tlie  third  trans- 
former to  operate  in  delta  with  these 
two?  (b)  Can  I  use  a  5  kw  trans- 
former to  operate  on  the  third  phase 
with  these  20  kw  transformers  to  help 
to  carry  the  load  better?  (c~)  .\lso 
with  this  connection,  how  can  I  find 
the  current  in  the  secondary  of  the 
transformers  of  different  rating?  (d) 
Also  how  much  of  an  overload  can 
be  carried  on  these  transformers 
safely?  (e)  In  connectin.a;  transform- 
ers, is  the  delta  or  star  connection  bet- 
ter to  use  and  why?      E.  M.  d,  (w.\sh.) 

(a)  Transformer  No.  3  in  Fig. 
1191  (a)  represents  the  third  trans- 
former to  complete  the  delta  bank.  To 
connect  up  this  transformer  proceed  as 
follows:  Connect  up  the  iiipjh-tension 
side  as  shown  at  A  and  B.  Connect  a 
to  .f  temporarily,  then  apply  4-1-0  volts, 
three-phase  to  the  high-tension  side  and 
measure  the  voltage  between  ,')  ?.nd  y. 
If  the  three  transformers  are  of  the 
same  ratio  this  voltage  will  be  either 
zero  or  220  volts.  If  the  voltage  be- 
tween b  and  y  is  zero,  the  correct  con- 
nection is  a  "to  .r  and  b  to  y.  If  the 
voltage  betwen  b  and  y  is  220,  the  cor- 
rect  connection   is   a   to  y   and   b   to   .r. 
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FIG.  Iigi  (a) 

(b)  If  the  5  k.v.a.  transformer  has  con- 
siilerably  higher  impedance  than  each  of 
the  20  k.v.a.'s,  the  necessary  amount  de- 
pending upon  load  cond-.tions  and 
power-factor,  the  bank  can  be  operated 
successfully.  If  the  5  k.v.a.  has  the  same 
impedance  as  each  of  the  20  k.v.a.'s,  the 
5  k.v.a.  will  be  considerably  over'caded 
when  the  20  k.v.a.'s  are  carrying  in  the 
neighborhood  of  normal  load.  The  2C 
k.v.a.'s  will  not  carry  the  same  loads 
under  this  condition,  even  though  they 
have  the  same  impedances,  (c)  The  an- 
swer to  this  question  is  too  complicated 
to  give  here.  The  currents  carried  by  the 
different  units  depend  upon  the  relative 
impedances  of  the  units  and  also  upon 
the  power-factor  and  amount  of  unbal- 
ancing of  the  load,  (d)  The  safe  over- 
load that  transformers  will  carry  is  not 
the  same  for  all  makes.  Practically  all 
distributing  transformers  will  carrv  one 
and  one-fourth  load  for  two  hours,  and 
some  one  and  one- fourth  load  continu- 


ously. It  the  traiistormers  are  locateil 
out  of  doors  they  can  carry  more  load 
in  cold  weather  than  in  warm  weather, 
as  it  is  the  ma.ximum  safe  tPinperature 
that  limits  the  load  and  not  the  tempera- 
ture rise,  (e)  It  is  generally  considered 
better  practice  to  connect  transformers 
delta-delta  than  star-star,  as  the  latter 
connection  is  liable  to  produce  unneces- 
sary stresses  on  :he  insulatio.i  due  to  the 
third  harmonic  voltage  induced  in  the 
winding.  j.  f.  r. 

1 192 — Commutating    Pole    Motors  — 

Given  two  commutating  pole  motors, 
each  having  the  follnwin.g  rating  : — 7.5 
horse-power,  no  volts,  60  amperes,  300 
to  1200  r.p.m.  From  motor  No.  i  the 
commutating  pole  windings  and  poles 
have  been  entirely  removed.  With  a 
field  current  of  2.4  amperes  in  the 
slumt  field  of  motor  No.  I,  a  no-load 
speed  of  315  r.p.m.  is  obtained  and  the 
speed  regulation  with  this  excitation 
was  found  to  be  five  percent.  With  a 
shunt  field  current  of  0.9  amperes,  a 
no-load  speed  of  660  was  secured  with 
motor  No.  I.  The  speed  regulation  for 
this  case  was  3.6  percent.  Commuta- 
tion was  very  poor  in  both  cases.  Two 
similar  runs  were  made  on  motor  No. 
2.  using  the  same  shunt  field  excita- 
tions named  above.  The  speed  regu- 
lation with  the  2.4  amperes  in  the 
shunt  field  was  found  to  be  6.6  per- 
cent :  with  the  0.0  amperes  in  the 
shunt  field,  3  percent.  Brushes  were 
set  on  the  geometric  neutral.  Commu- 
tation was  good.  From  the  above  re- 
sults we  may  assume  that  speed  regu- 
lation at  low  speeds  is  better  n'ltliout 
the  commutating  pole,  while  at  high 
speed  it  is  better  with  the  commutating 
pole.  Is  this  generally  true?  If  so, 
what  is  the  explanation  for  these  re- 
sults? Is  the  regulation  of  a  continu- 
ous current  generator  improved  by  the 
use  of  commutating  poles? 

F.  D.  P.  ( io\v.\  ) 

In  a  commutating  pole  motor  the 
speed  will  be  higher  if  the  motor  is  over- 
compensated  and  lower  if  the  motor  is 
under-compensated  than  if  it  were  flat 
compensated.  This  means  that  the 
ampere-turns  due  to  the  short-circuit 
current  flowing  in  the  armature  coils 
undergoing  commutation  have  an  eft'ect 
in  either  demagnetizing  or  magnetizing 
the  main  field.  Therefore,  in  general  on 
an  adjustable  speed  motor,  such  as  the 
one  in  question,  the  speed  regulation,  in 
so  far  as  it  is  due  to  the  commutating 
pole,  would  be  greater  at  the  low  speed 
than  at  the  high  speed,  for  the  reason 
that  the  main  field  magnetic  circuit  is 
saturated  more  at  the  low  speed.  Of 
course,  the  speed  regulation  depends  on 
other  things  also.  In  two  motors,  one 
being  commutating  and  the  other  non- 
commutating  pole,  otlier  things  being 
equal,  the  commutating  pole  motor  will 
in  general  have  the  better  speed  regula- 


tiijn  at  any  sjieed  within  the  range  of 
the  motors.  The  differences  in  regula- 
tion given  in  the  question  might  be 
caused  by  the  differences  in  the  manu- 
facture of  two  identical  motors,  small  as 
they  are.  The  greater  regulation  of  the 
commutating  pole  motor  at  low  speed 
might  be  caused  b}^  the  increased  IR 
drop  of  the  commutating  field  itself, 
wiiile  the  smaller  regulation  at  high 
speed  might  be  caused  by  the  fact  that 
there  is  a  weaker  main  field,  and  hence 
less  saturation,  allowing  more  commu- 
tating pole  ampere-turns  to  be  available 
for  useful  flux.  In  a  generator  the  op- 
posite is  true — that  is,  over-compensa- 
tion strengthens  the  main  field  flux  and 
under-compensation  weakens  it.      c.  G.  L. 

1 193— Carbon  vs.  Oil  Circuit  Breakers 
— \\'h\-  are  carbon  break  circuit  break- 
ers preferred  for  direct-current  ser- 
vice up  to  five  or  six  hundred  volts, 
while  oil  switches  are  preferred  for 
alternating  currents  at  the  same  volt- 
age? K.  a.(mo.) 

Oil  circuit  breakers  are  not  adapted  to 
direct  current  except  as  disconnecting 
switches  not  opened  under  load.  Oil  cir- 
cuit breakers  should  be  used  on  circuits 
where  the  voltage  passes  through  zero, 
as  in  an  alternating  current,  or  it  will 
fail  to  break  the  arc  when  any  great 
amount  of  current  is  flowing.  They  are 
more  compact  and  cheaper  than  carbon 
circuit  breakers  for  the  same  alternating- 
current  service.  See  article  on  "Oil  Cir- 
cuit Breaker  Functions"  in  the  Journal 
for  .August.  1913,  p.  739.  J.  N,  M. 

1194  —  60  Cycle  Motor  on  25  Cycles — 

In  connection  with  a  change  of  fre- 
quency from  60  to  25  cycles,  it  is  de- 
sired to  change  the  windings  on  60 
cycle  squirrel  cage  induction  motors  so 
as  to  operate  on  25  cycles.  Please  give 
an  explanation  by  which  an  armature 
winder  may  work  as  to  how  this  may 
be  done.  H.  R.  (paxam.\) 

There  are  at  least  two  ways  in  which  a 
60  cycle  motor  might  be  operated  on  a 
25  cycle  circuit.  One  by  keeping  the 
same  number  of  poles  and  operating  at 
25/6oths  of  the  speed  and  horse-power, 
and  another  by  changing  the  number  of 
poles  and  attempting  to  keep  approxi- 
mately the  same  speed  and  horse-power. 
In  the  former  case  25/6oths  of  the  60 
cycle  voltage  should  be  applied  to  the 
motor  wdien  running  on  25  cycles.  Since 
it  is  generally  inconvenient  to  change  the 
voltage  the  number  of  conductors  in 
series  in  the  motor  windin.g  may  some- 
times be  changed  to  approximate  the 
same  condition.  For  example,  if  the 
winding  is  connected  in  two  parallels  for 
operation  on  60  cycles  it  may  be  recon- 
nected in  series  for  operation  on  25 
cycles,  which  would  be  equivalent  to  put- 
ting half  voltage  on  the  parallel  connec- 
tion.  The  25  cycle  horse-jiower  would  be 
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approximately  one-half  of  the  60  cycle 
horse-power,  since  the  speed  is  25/6oths 
and    horse    power    =     torque  X^P^ 

5252 
In  the  second  case  entirely  new  coils 
would  be  required,  since  the  number  of 
poles  would  be  decreased  to  25/6oths  of 
their  60  cycle  number.  This  would  ma- 
terially change  the  throw  of  the  coil,  and 
hence  new  coils  would  be  necessary.  In 
addition  to  the  consideration  of  the 
throw  of  the  coil  it  is  necessary  to  take 
into  account  the  fact  that  the  iron  in  the 
core  behind  the  slots  is  worked  harder  in 
the  case  of  a  small  number  of  poles  than 
for  a  larger  number,  assuming  the  same 
densities  in  the  air-gap  and  teeth.  This 
is  another  way  of  saying  that  if  there  is 
a|iproximatcly  the  same  total  magnetic 
llu.x  in  the  machine  and  if  it  is  broken  up 
into  groups  corresporuling  to  the  pairs 
of  poles  there  will  be  a  larger  amount  of 
flux  in  each  group,  as  the  number  of 
pairs  of  poles  becomes  smaller,  and  con- 
sequently a  larger  cross-section  of  path 
in  the  core  will  be  required.  This  limits 
the  minimum  number  of  poles  which  can 
be  used,  and  consequently  limits  the  pos- 
sibility of  keeping  the  same  horse-power 
and  sjieed  on  25  cycles  when  using  a  60 
cycle  core.  A.  M.  D. 

1195 — Frost  on  Insulators— Is  there 
anything  that  can  be  used  to  prevent 
the  formation  of  frost  on  the  metallic 
hood  or  support  of  roof  entrance  insu- 
lators, such  as  used  on  35  000  volt  cir- 
cuits ?  Transformer  room  is  not  heated, 
but  gets  warm  during  the  day  and  the 
frost  melts  and  then  freezes  over 
night.  When  the  frost  melts  it  causes 
a  static  discharge.  G.  A.  A.  (minn.) 

Moisture  will  always  condense  on  cold 
metal  or  porcelain  from  a  humid  atmos- 
phere. This  can  hardly  be  prevented  ex- 
cept by  maintaining  all  the  apparatus  at 
the  same  temperature  as  the  air,  which 
is  hardly  feasible.  Tlie  apparatus  could 
possibly  have  some  kind  of  drip  flanges 
to  prevent  moisture  or  frost  from  sliort- 
ening  the  insulation  distances.  Possibly 
grea.sing  the  surface  with  paraffin  oil  or 
vaseline  might  prevent  the  accumulation 
of  the  tiioisture.  B.  P.  R.  and  K.  p.  J. 

1 196— Motor-Generator  Sets  for  Mov- 
ing Pictures  —  1  notice  on  looking 
over  the  sjiecifications  for  motor-gen- 
erator sets  for  furnishing  direct  cur- 
rent to  moving  picture  machines  that 
while  two  generator  mamifacturers 
recognize  the  average  voltage  at  the 
arc  as  about  52,  and  both  have  de- 
signed the  generator  for  flat  com- 
pounding, the  one  uses  60  and  the 
other  70  volts  for  generator,  both  of 
course  intending  the  operator  to  use  a 
ballast  rheostat  in  series  with  the  arc. 
From  a  mere  viewpoint  of  efficient 
operation  I  should  say  the  set  working 
at  the  lower  voltage  would  be  more 
eflicient,  but  I  would  like  to  know  the 
reasons  for  the  other  choice 

1".  G.  F.  (W.  VA.) 

It  is  customary  to  operate  motion  pic- 
ture arc  lamps  with  the  carbon  elec- 
trodes separated  from  each  other  a  dis- 
tance which  will  produce  approximately 
50  volts  drop  across  the  arm  when  oper- 
ating at  normal  current.  The  electric 
arc  is  very  unstable,  due  to  the  con- 
stantly changing  resistance  of  the  arc 
path.  This  is  caused  partly  by  variations 
in  the  composition  of  the  electrodes  and 
impurities,  particularly  of  a  metallic  na- 
ture, which  are  found  in  the  carbons. 
Also  the  resistance  of  an  arc  decreases 
with  an  increase  of  current,  producing  a 
verj-   unstable   condition.      This    feature 


makes  it  necessary  to  connect  a  fixed  re- 
sistance in  series  with  the  arc  lamp.  It 
will  be  readily  understood  that  the 
greater  the  amount  of  resistance  in 
series  with  the  arc  the  less  will  be  the 
effect  of  the  variation  in  resistance  of 
the  arc  path  itself.  By  experiment  it 
has  been  shown  that  the  best  results  are 
obtained  when  the  voltage  drop  across 
the  ballast  rheostat  is  approximately 
one-half  the  voltage  drop  across  the  arc. 
l*'or  this  reason  we  would  recommend 
tliat  a  75  volt  generator,  together  with  a 
suitable  ballast  rheostat,  be  used  for  arc 
lamps  operating  at  approximately  50 
volts.  The  arc  lamp  may  be  operated 
on  a  potential  of  60  volts,  with  a  suitable 
ballast  resistance  in  series  with  the  arc 
to  reduce  the  potential  to  50  volts  at  the 
arc.  This  will  not  give  as  good  service, 
however,  and  will  require  more  careful 
attention  upon  the  part  of  the  operator. 
An  analogous  case  would  be  that  of  an 
automobile  equipped  with  springs  only 
as  compared  to  an  automobile  equipped 
with  springs  and  shock  absorbers,  the  75 
volt  system  being  similar  to  the  latter, 
while  the  60  volt  system  is  similar  to  the 
former.  From  the  viewpoint  of  efficiency 
as  related  to  the  ratio  of  watts  input  to 
the  generator  and  useful  watts  at  the 
arc  lamp  the  60  volt  system  is  the  better. 
This  feature,  however,  is  not  the  only 
one  to  be  considered,  as  the  average  mo- 
tion picture  machine  operator  is  a  busy 
man  and  the  less  attention  required  by 
arc  lamp  the  better  service  it  will  give. 
In  many  theaters  it  is  customary  to  use 
two  projecting  machines  alternately  in 
order  to  avoid  the  delay  in  changing 
reels  on  the  motion  picture  machines.  In 
such  service  both  arc  lamps  are  thrown 
on  the  generator  circuit  for  a  short 
period  of  time  during  the  transition 
from  one  reel  to  the  other.  For  this 
class  of  service  the  75  volt  system  is 
preferable,  owing  to  the  fact  that  a 
smaller  motor-generator  set  may  be  used 
rtquiring  a  lesser  amount  of  adjustment 
than  would  be  required  by  the  60  volt 
system.  A.  M.  C. 

1 197 — Brush  Setting — Do  you  recom- 
mend running  machines  with  the 
brushes  stubbing,  and,  if  so.  why? 

p.  H.  N.  (WASH.  ) 

As  a  general  proposition  the  machine 
should  be  run  so  that  the  friction  of  the 
commutator  will  tend  to  raise  the  brush 
out  of  the  holder  instead  of  tending  to 
draw  it  into  the  holder.  The  latter  con- 
dition is  more  likely  to  cause  the  brushes 
to  vibrate.  In  most  cases  satisfactory 
operation  may  be  obtained  with  either 
direction  of  rotation  ;  in  fact,  tliis  condi- 
tion must  be  true  in  reversible  motors. 
The  lubrication  quality  of  the  brushes 
has  much  to  do  with  satisfactory  opera- 
tion for  either  direction  of  rotation,     ii.  H. 

1 1 98 — Size  of  Wire  for  Amperes 

for  10  Seconds — I'lease  delerniine 
the  smallest  cross-section  of  solid  wire 
that  will  carry  500  amperes  for  lo  sec- 
onds, to  be  used  with  11  000  volts  insu- 
lation. H.  J.  A.  (new  YORK) 

An  exact  solution  of  this  question  is 
impossible,  as  there  are  so  many  indefi- 
nite conditions.  For  instance,  the  phrase 
"will  carry"  might  mean  without  attain- 
ing a  temperature  which  would  damage 
ordinary  insulation,  or  it  might  mean 
without  melting  the  wire,  or  in  case  the 
wire  is  completely  surrounded  by  insula- 
tion in  a  cable  and  would  still  carry  cur- 
rent even  though  melted  it  might  mean 
without  exceeding  the  temperature  at 
which  copper  vaporizes.     The  statement 


"to  be  used  with  11  000  volts  insulation" 
might  mean  a  bare  copper  wire  sus- 
pended in  the  air  from  11  000  volt  porce- 
lain insulators,  or  it  might  mean  a  rub- 
ber, paper  or  lead  covered  insulator  in- 
stalled in  a  conduit  where  there  would 
be  absolutely  no  ventilation.  In  order  to 
show  roughly  the  method  of  solving 
such  a  problem  it  will  be  assumed  that 
the  cable  has  an  initial  temperature  of 
17  degrees  C.  and  that  it  is  desired  to 
limit  its  temperature  to  that  which  would 
injure  the  insulation,  namely,  about  100 
degrees  C.  Also  it  will  be  assumed  that 
it  is  an  insulated  lead-covered  cable.  In 
this  case  tlie  radiation  and  conduction  of 
heat  from  the  conductor  in  a  period  of 
10  seconds  would  be  very  small.  An  ap- 
proximately correct  solution  can,  there- 
fore, be  secured  on  the  assumption  that 
all  of  the  heat  generated  in  the  wire  is 
stored,  and  none  of  it  is  carried  away 
from  the  conductor.  From  the  electrical 
handbooks  we  find  that  0.093  B.t.u.  will 
raise  one  pound  of  copper  one  degree  F. 
This  is  an  average  value  covering  a  tem- 
perature range  between  17  and  100  de- 
grees C.  Also  one  B.t.u.  equals  0.293 
watt-hours.  Hence  0.0272  watt-hours  are 
required  to  raise  one  pound  of  copper 
one  degree  F. ;  whence  4.08  watt-hours 
are  required  to  raise  one  pound  of  cop- 
per 83  degrees  C.  Since  the  size  of  wire 
is  unknown,  both  its  resistance  and 
weight  are  unknown ;  hence  the  problem 
is  most  easily  solved  by  trial.  From  wir- 
ing tables  we  find  that  No.  5  B  &  S  gage 
wire  weighs  100  pounds  per  thousand 
feet  and  at  an  average  temperature 
between  17  and  100  degrees  C,  lias  a 
resistance  of  0.37  ohms  per  thousand 
feet.  It  makes  no  difference  to  the  prob- 
lem what  length  of  wire  is  chosen,  so 
long  as  the  same  length  is  chosen  for  the 
unit  of  weight  and  resistance.  Hence  to 
raise  1000  feet  or  100  pounds  of  this  size 
wire  83  degrees  C.  will  require  408  watt- 
hours.  The  watts  generated  equal  PR, 
and  the  watt-hours  copper  loss  in  this  size 
wire  in  10  seconds  with  500  amperes  = 
250000  X  0-37 


360 


=   250. 


Hence   we   see 


that  the  loss  in  this  size  wire  is  not  sijf- 
ficient  to  generate  enough  heat  to  raise 
the  wire  to  100  degrees  C.  in  10  seconds, 
althou.gh  none  of  the  heat  is  assumed  to 
be  dissipated.  As  the  resistance  per  unit 
length  decreases  in  proportion  to  the 
area  and  the  weight  increases  in  propor- 
tion to  the  area  the  desired  size  of 
wire  will  be  one  whose  area  will  be  that 


)f  Xo. 


ire  divided  by 


\250 


This  value  corresponds  almost  exactly  to 
the  area  of  No.  6  B  &  S  gage  wire,  and 
subsequent  trial  shows  that  the  amount 
of  heat  generated  by  500  amperes  in  10 
seconds  is  almost  exactly  the  correct 
amount  to  raise  this  wire  from  17  to  100 
degrees  C,  on  the  assumption  that  no 
heat  is  lost  by  radiation  or  conduction, 
which  under  the  assumed  conditions  is 
very  nearly  warranted.  If  part  of  the 
heat  is  dissipated  into  the  air  or  sur- 
rounding materials  it  is  obvious  that  an 
even  smaller  wire  than  No.  6  can  carry 
500  amperes  for  10  seconds  without  ex- 
ceedin.g  the  above  temperature  rise.  It 
is  equally  obvious  that  if  a  considerably 
higher  temperature  rise  is  allowed  a 
much  smaller  wire  will  be  satisfactory. 
It  nuist  be  understood  that  this  problem 
is  followed  out  strictly  on  a  10  second 
basis,  as  a  No.  6  wire  will  come  danger- 
ously near  to  the  melting  point  if  al- 
lowed to  carry  500  amperes  for  any 
length  of  time.  c.  R.  R. 
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Commercial      Since  the  breaking  out  of  the  present 

„   ,     .  war    in    Europe    the    people    of    the 

Relations         ^^   .      ,   ^  ',  ,  , 

United  States  liave  taken  very  much 

with  South       more    interest    than    formerly    in    the 

A  .  possibilities  of  the  development  of  our 

America  ^  .... 

commercial  relations  with  the  various 

countries  of  the  vast  South  American  continent.  Mr. 
Calvert  Townley's  timely  article  in  this  issue  of  the 
Journal  explains  some  of  the  reasons  why  this  sudden 
awakening  of  interest  in  the  exploitation  of  South 
American  commercial  territory  should  occur  among  our 
people  and  also  shows  the  difficulties  and  natural  limita- 
tions of  our  ettorts  in  this  direction. 

There  are  other  reasons  for  our  active  interest  in 
occupying  any  fields  of  commercial  opportunity  tem- 
porarily left  open  by  the  European  nations.  These 
arise  from  the  growing  need  among  United  States  busi- 
ness men  for  a  larger  export  trade.  Formerly  the  home 
market  was  so  good  and  developed  so  rapidly  that  our 
manufacturers  were  quite  fully  occupied  with  its  de- 
mands. With  the  more  complete  occupation  of  the 
home  markets  and  our  continued  growth  industrially, 
foreign  markets  become  of  greater  and  greater  im- 
portance. When  our  industries  were  smaller  it  was  com- 
paratively easy  to  regulate  their  output  to  the  require- 
ments of  the  ordinary  fluctuations  in  trade.  The  growth 
of  our  great  manufacturing  corporations,  with  their 
large  and  complicated  organizations  and  numerous  per- 
sonnels of  highly  trained  and  technical  experts,  makes 
it  impossible  to  control  at  all  adequately  the  expense  of 
conducting  and  administering  such  a  business  when  its 
volume  varies  between  wide  limits.  The  organization 
must  be  maintained,  and  with  such  maintenance  the 
costs  of  the  products  increase  in  an  alarming  manner  as 
the  volume  of  sales  decreases.  The  maintenance  of  a 
more  uniform  volume  is,  therefore,  of  paramount  im- 
portance. The  development  of  export  business  becomes 
increasingly  important  when  it  is  considered  that  this 
market  not  only  adds  to  the  volume  and  diversity  of 
sales,  but  is  often,  if  not  usually,  good  when  the  home 
market  is  unsatisfactorj'. 

The  interest  of  our  manufacturers  and  traders  in  the 
development  of  South  American  business  has  been  ably 
seconded  i)y  that  of  our  financial  interests.  Already 
several  Ijranch  banks  of  some  of  our  strongest  financial 
institutions  have  been  established  and  others  are  also 
studying  this  field.  Formerly  all  banking  facilities  and 
credit  information  in  these  countries  were  in  the  hands 
of  Europeans,  and  United  States  exporters  had  either 
to  exact  payment  before  their  goods  left  the  home  port 
or  to   depend   upon   financial   houses   under   European 


control  and  generally  interested  in  competing  manufac- 
turing concerns. 

One  other  great  necessity,  and  one  that  has  much  to 
do  with  the  conditions  under  which  European  trade  with 
these  countries  is  conducted,  is  still  to  be  supplied  before 
our  trade  with  the  South  American  republics  can  be  put 
ujion  a  solid  basis.  I  refer  to  an  American  merchant 
marine.  The  truth  of  the  saying  that  "trade  follows  the 
flag"  is  now  generally  admitted,  and  with  the  Panama 
Canal  completed  all  of  the  west  coast  territory  of  South 
America  is  so  much  nearer  our  own  eastern  coast,  with 
its  easy  access  to  the  rich  industrial  and  coal  mining 
regions,  that  the  need  of  American  bottoms  is  greatly 
emphasized. 

In  view  of  all  this,  it  is  not  strange  that  an  unusual 
interest  was  aroused  when  South  America  was  so  sud- 
denly cut  oft'  from  much  of  her  trade  with  Europe  by 
the  outbreak  of  the  war.  The  limitations  of  this  South 
American  market  and  the  real  difficulties  of  its  exploita- 
tion, as  well  as  the  future  great  possibilities  of  its  indus- 
trial and  commercial  development,  are  clearly  and  inter- 
estingly explained  in  Mr.  Townley's  article. 

.  ■  E.  M.  Herr 


The  Norfolk  &    The  freight-moving  capacity  of  many 

Western  °^   *'^*^   '^''^^'^   railroads   is   limited   by 

mountain  grade  sections.     The  prob- 
Single-Phase     lem    of    making   the   capacity   of    the' 
Installation      "''''''''   sections   more  nearly  equal  to 
the  capacity  of  the  rest  of  the  road  has 
for  years  been  very  active  in  the  minds  of  railway  men. 
Shortly   after   the   first   steam    road   electrification    was 
completed,   both   railway   men  and   electrical  manufac- 
turers started  active  studies  as  to  methods  of  solving  the 
mountain  grade  problem  by  means  of  electricity.     The 
actual  electrification  of  a  grade  of  this  character  has  at 
last   lieen  achieved  in  the  single-phase  installation   re- 
cently completed  by  the  Norfolk  &  Western  Railway  on 
its   Elkhorn-Bluefield  Division. 

The  function  of  this  road  is  to  transport  the  coal 
mined  in  this  section  of  the  country,  and  in  piercing  the 
heart  of  the  mining  district  the  railroad  followed  the 
only  natural  entry.  This  consists  of  tortuous  mountain 
defiles,  which  result  in  a  railroad  that  is  a  continuous 
succession  of  curves.  There  are  several  reasons  which 
logically  lead  to  the  adoption  of  the  single-phase  system. 
First,  overhead  distribution  and  collection  of  current 
were  essential,  because  the  tracks  occupied  practically 
all  the  natural  space  for  highways,  and  the  towns  have 
grown  up  directly  alongside  the  railroad,  the  tracks  run- 
ning through  the  main  streets  of  the  towns,  there  being 
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continual  foot  and  vehicle  travel  along  the  tracks ;  sec- 
ond, as  large  amounts  of  power  were  necessary,  it  was 
essential  to  adopt  a  system  which  would  admit  employ- 
ing a  high  trolley  potential.  The  succession  of  sharp 
curves  results  in  many  difficult  problems  when  even  a 
single  trolley  wire  is  employed.  The  thorough  way  in 
which  these  problems  were  met  is  discussed  elsewhere 
in  this  issue.  The  tremendous  energy  required  for 
starting  and  hauling  the  heavy  traffic  of  this  division — 
a  single  train  requiring  as  much  energy  as  is  expended 
in  many  whole  railroads — lead  inevitably  to  the  single- 
phase  system. 

The  inherently  hard  service  renders  the  rugged  poly- 
phase induction  motor  ideal,  because  of  its  ability  to 
"hang"  at  standstill  when  starting  a  train,  and  because 
of  its  simple  regenerative  characteristics.  Until  quite 
recently  the  utilization  of  the  polyphase  induction  motor 
as  a  component  part  of  the  single-phase  system  of  elec- 
tric traction  was  only  in  the  early  stages  of  laboratory 
development,  and  it  remained  for  the  Westinghouse 
Electric  &  Mfg.  Company  to  work  out  the  correct  prin- 
ciple for  reduction  to  practice.  The  phase  converter  is 
to  electric  traction  what  the  automatic  coupler  is  to  the 
general  railway  problem.  It  joins  together  the  constitu- 
ent units  of  the  electrical  train.  The  ]iro])cr  acceleration 
of  the  locomotives  was  the  ne.xt  problem  of  vital  im- 
portance, and  this  the  Westinghouse  IClcctric  &  Mfg. 
Company  solved  by  the  adoption  of  licjuid  resistors  of  a 
radically  new  design,  presenting  a  great  advance  over 
the  previous  art  in  a]>paratus  of  this  type. 

The  impression  given  by  the  locomotives  as  they 
pass,  hauling  their  loads,  is  one  of  rugged  simplicity  and 
of  fitness  for  handling  the  service.  This  picture  is  inten- 
sified, and  is  indelibly  fixed  on  the  minds  of  those  for- 
tunate enough  to  see  the  steam  and  the  electricallv- 
haulcd  trains  in  direct  comparison,  as  has  been  possible 
during  the  period  of  changing  over  from  steam  to  elec- 
tric service.  Three  great  Mallet  steam  locomotives,  of 
most  modern  construction,  labor  past  hauling  their  train 
up  the  grade  at  about  seven  miles  per  hour.  A  little  later 
come  two  electric  locomotives  hauling  a  train  of  iden- 
tical makeup  over  the  same  grades  and  curves  at  twice 
the  speed,  and  without  apparent  effort.  It  is  fascinating 
to  watch  these  train  movements,  and  to  see  the  enthu- 
siasm with  whicli  the  railway  operating  force  has  taken 
hold  of  the  new  method  of  traction.  The  future  of  this 
system  is  evidently  assured.  G.  M.  1'!aton 


Efficiency 


Production 


I'ublished  reports  of  striking  inq)rove- 
mcnts  in  methods  of  production  have 
referred  mostly  to  the  results  of  inves- 
tigations made  by  outside  ex])erts  who 
have  been  called  in  to  helji  the  manu- 
facturer solve  his  problims.  It  is  therefore  refreshing 
to  be  able  to  publish  instances  in  which  the  manufac- 
turer himself  has  introduced  modern  scientific  produc- 
tion methods  into  his  own  organization  with  particularly 
successful  results.     Reference  is  made  to  the  article  in 


this  issue  of  the  Journal  by  Mr.  F.  W.  Young,  who  has 
been  engaged  in  production  work  for  some  thirty  years 
and  has  been  directly  instrumental  in  developing  the 
very  efficient  manufacturing  organization  which  he  de- 
scribes. In  this  instance  there  was  an  opportunity  to 
begin  a  new  industry  without  being  hampered  by  equip- 
ment on  hand  which  might  or  might  not  be  arranged  to 
the  best  advantage. 

"Efficiency  methods"  have  been  recommended  for 
many  manufacturing  processes,  but  it  is  generally  recog- 
nized that  those  operations  which  involve  the  produc- 
tion of  articles  in  large  ([uantities  arc  particularly 
susceptible  to  the  efforts  of  experts  in  scientific  manage- 
ment. In  the  present  case,  orders  rarely  call  for  less 
than  one  thousand  units,  and  there  are  numerous  repeat 
orders.  By  constant  reiK'tition  of  the  various  steps,  it  is 
])ossible  to  study  and  analyze  the  different  processes,  to 
determine  the  most  effective  methods,  to  schedule  the 
best  route  through  the  shop,  to  determine  the  efficiency 
of  the  operators  and  to  train  them  in  the  better  perform- 
ance of  their  duties.  In  this  plant  the  highly  efficient 
methods  now  in  use  are  the  result  of  thorough  investiga- 
tions, and,  having  once  been  standardized,  are  rigidly  in- 
sisted u|>on.  While  it  might  seem  that  the  individual 
operator  has  little  to  say  as  to  how  the  work  is  to  be  done, 
yet  he  can  easily  see  the  advantage  of  being  trained  by 
one  of  his  most  efficient  fellow-workmen  to  become  an 
expert  producer,  as,  under  the  bonus  system,  his  remun- 
eration is  directly  related  to  his  efficiency.  In  systems 
such  as  this  the  o]jerator  is  helped  to  concentrate  his 
efforts  on  the  special  work  in  hand.  He  is  waited  upon 
and  has  his  work  brought  to  him,  and  on  completion  it 
passes  on  without  eff'ort  on  his  part,  so  that  he  can  de- 
vote his  time  without  interruption  to  his  work. 

The  production  curves  shown  indicate  a  remarkable 
increase  in  efficiency  after  the  plant  had  been  in  opera- 
tion a  short  time.  By  keeping  such  curves  constantly  in 
view  it  becomes  incumbent  on  the  management  and  fore- 
men to  maintain  their  rate  of  production  after  they  have 
once  made  a  good  record. 

Another  valuable  feature  is  the  up-to-date  cost  sys- 
tem. In  iiKiny  establishments  costs  are  determined  only 
at  annual  or  senii-ann\ial  intervals.  By  keeping  the  cost 
records  within  a  few  days  of  the  actual  production  it  is 
])ossible  to  correct  promjitly  any  tendencies  in  the  wrong 
direction  and  to  locate  any  slum])  in  production  so 
(|uickly  that  it  is  not  only  corrected,  but  it  is  not  likely 
to  appear  in  that  particular  location  again.  The  daily 
conferences  of  departnu-ni  heads  keep  them  in  touch 
with  the  work  of  the  whole  organization,  as  shown  by 
the  production  curves  each  day,  so  that  they  all  get  a 
broad-gage  view  of  what  is  going  on  and  can  concen- 
trate their  attention  on  any  processes  which  are  falling 
behind  the  desired  schedule.  While  the  particular  re- 
sults obt.'iined  at  this  plant  are  not  of  especial  interest 
to  every  reader,  the  general  scheme  of  production  de- 
scribed by  Mr.  Young  should  be  of  great  value  to  all 
those  interested  in  manufacturing  processes. 

A.   H.   McIxTIRE 


Present  Conditions  in  South  America 


Cai.vert  Townlev 

Assistant  to  the  President 

Westinghouse  Electric  &  Mfg.  Company 
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ONDITIONS  on  the  South  American  Continent 
are  radically  different  from  those  existing  in  the 
United  States.  Althotigh  it  is  a  vast  storehouse 
of  wonderful  natural  resources,  its  development  has 
been  so  slow  as  to  be  difficult  of  comprehension  to  any- 
one accustomed  to  the  rate  of  progress  maintained  in  the 
United  States.  The  population  is  comparatively  small 
for  the  territory  occupied,  and  by  far  the  largest  part 
of  it  is  composed  of  the  native  races,  Indians,  blacks  or 
half-breeds.  Such  part  of  the  population  as  is  white 
comprises  for  the  major  portion  descendants  of  the 
European  Latin  races,  Spanish,  Italians  and  Portugese, 
who  have  brought  with  them  many  of  their  Old  World 
monarchical  ideas,  so  that,  although  all  the  South  Amer- 
ican countries  have  republican  forms  of  government, 
their  structure  following  that  of  the  United  States  in 
many  of  its  principal  provisions,  the  actual  administra- 
tion is  less  like  ours,  having  more  of  the  monarchical 
idea  and  emphasizing  the  difference  between  those  in 
power  and  the  common  people.  South  America  itself 
produces  comparatively  little  fuel,  so  that  imported  coal 
and  oil  command  abnormally  high  prices.  Further,  the 
labor  market  is  inadequately  supplied,  workmen  being 
neither  sufficient  in  number  nor  generally  adaptable  to 
the  performance  of  skilled  labor.  Because  of  these  two 
handicaps  in  fuel  and  in  labor,  there  is  comparatively 
little  mantifacturing  done  in  South  America,  a  very 
large  proportion  of  all  the  manufactured  articles  re- 
quired being  imported.  The  principal  activities  have 
been  built  up  around  agricultural,  pastural  and  mining 
resources,  such  as  coft'ee  and  rubber  in  Brazil ;  live 
stock,  corn  and  wheat  in  .\rgentina  ;  nitrate  in  Chile,  and 
tin  in  Bolivia. 

The  temperament  of  the  white  people,  with  respect 
to  progress  and  modern  improvements,  is  not  aggressive. 
Rather  than  risk  their  capital  in,  and  furnish  the  energy 
for  the  promotion  of  new  enterprises,  they  have  been 
more  inclined  to  grant  concessions  to  foreign  investors, 
putting  such  burdens  in  the  form  of  one  or  another  sort 
of  tax  on  each  development  as  they  think  it  will  bear. 
As  a  result,  a  vast  majority  of  the  larger  enterprises 
have  been  financed  and  are  managed  by  absentee 
owners,  who,  of  course,  conduct  them  for  the  best  inter- 
ests of  their  own  respective  corporations  and  without 
any  particular  regard  for  the  ultimate  effect  on  the 
developments  of,  or  the  benefits  to  any  of  the  countries 
in  which  the  enterprises  are  located.  This  condition  of 
things  obtains  in  steam  railroads,  trolley  roads,  tlie 
larger  and  many  of  the  smaller  electric  light  companies 
and  in  the  mines.  It  is  these  kinds  of  enterprises  which 
we  naturally  have  in  mind  when  thinking  of  electrical 
applications  and  of  general  engineering  development. 


Radically  tlifferent  conditions  prevail  on  the  east  and 
west  coasts  of  South  America.  On  the  east  coast,  par- 
ticularly in  the  southern  Republics  of  Uruguay  and 
.Argentina,  there  have  been  large  increases  in  the  popu- 
lation by  immigration  from  the  European  Latin-speak- 
ing countries,  particularly  Italy  and  Spain,  and  as  a 
shortage  of  labor  has  been  one  of  the  difficulties  with 
which  all  of  the  South  American  countries  have  had  to 
contend,  this  increase  in  population  has  been  very  wel- 
come and  has  resulted  in  a  correspondingly  rapid  devel- 
opment of  the  resources  of  these  countries.  On  the 
west  coast,  on  the  other  hand,  there  has  been  practically 
no  immigration.  This  is  chiefly  due  to  the  fact  that, 
compared  with  the  east  coast,  wages  are  lower  and 
steamship  fares  higher.  Inasmuch  as  the  birth  rates 
only  exceed  the  death  rates  by  an  insignificant  amount, 
and  in  some  countries  not  at  all,  the  po])ulations  of  the 
west  coast  countries  are  not  increasing  rapidly.  For 
example,  statistics  indicate  that  the  populations  of 
Bolivia  an<l  Peru  are  today  about  the  same  as  they  were 
60  years  ago. 

Owing  to  the  comparatively  small  amount  of  manu- 
facturing done,  and  to  the  fact  that  the  agricultural, 
pastural  and  mining  production  has  very  greatly  e.x- 
ceedcd  home  consumption,  Sotith  American  commerce 
has  been  largely  that  of  exportation  and  importation, 
rather  than  production  for  home  use.  This  commerce 
has  shown  a  steady  and  encouraging  growth  from  year 
to  \ear  with  the  excess  of  exports  over  imports,  the  so- 
called  "balance  of  trade"  almost  uniformly  in  favor  of 
the  South  American  countries.  It  might  be  inferred, 
therefore,  that  these  countries  have  been  steadily  grow- 
ing richer  and  that  the  income  resulting  from  these 
favorable  trade  balances  would  supply  funds  for  public 
improvements  and  for  the  liquidation  of  foreign  debts. 
Such  a  happy  supposition,  however,  seems  not  to  be 
supported  by  the  facts.  Governmental  expenditures  for 
improvements  and  betterments  are  largely  made  from 
foreign  loans,  which,  in  fact,  are  regarded  as  loans  in 
name  only,  liecause  it  seems  never  expected  that  tliese 
loans  must  be  repaid. 

In  the  light  of  the  foregoing,  the  eft'cct  of  the  Euro- 
pean war  can  readily  be  foreseen.  The  warring  nations 
have  been  customers  of  South  .\merica  for  enormous 
amounts.  Many  of  these  ])urchases  the  war  has  sto])])ed 
or  seriousl}-  curtailed.  .\  corresi)on(ling  reduction  in  the 
purchasing  power  had  to  follow  the  reduction  of  income 
thus  brought  about  and,  as  l)y  far  the  Lnrgest  parts  of 
governmental  revenues  have  been  derived  from  import 
and  export  duties,  rather  than  from  interior  sources,  the 
govennnental  revenues  have  been  suddenlv  very  greatly 
reduceil.  in   iiianv  cases  to  an   extremelv   embarrassinsr 
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degree.  Further,  the  warring  nations  are  now  by  no 
means  as  keen  to  loan  money  to  Sotith  America  as  they 
were,  and  the  continued  inflow  of  capital  for  both  gov- 
ernmental and  private  loans  has  been  greatly  depleted 
and  in  many  cases  entirely  ctit  off.     South  America  is 


I'lG.    I — DOUBLE-DECK   TR.\MC.\K   WITH    TR.\I1.ER,   WOM.AX    CONDfCTOR, 
S.\Nri.\G0   DE  CHILE 

Fares  in  U.  S.  money,  first  class,  1.4c;  second  class,  0.7c, 

being  impressed  as  never  before  with  the   fact  of  her 
dependence  on  the  outside  world  for  support. 

The  backwardness  in  South  American  development 
is  well  illustrated  by  a  comparison  of  the  railroad 
mileages  now  existing  there  with  those  of  the  United 
States,  as  shown  briefly  in  Table  I.    Argentina  is  fairly 


TABLE  I- 


-COMPARISO.X  OF  THE  UNITED  STATES  A.\D 
SOUTH  AMERICAN  COUNTRIES. 


Name 

Sq.  Miles 

Population 

Railway  Mileage 

United  States . 
Argentina .... 

Braal 

Chile 

P.-ni 

3  02f)  789 
I  125  000 

3  218580 
292  5S0 
685  000 
473  .S6o 

1 00  000  000 

7  500  000 

.  20  500  000 

3551  703 
3  750  000 
2  268  000 

241  000 
19  207 

14  000 

5  021 

'i  762 

800 

Bolivia 

well  supplied  with  railroad  transportation,  and  Chile, 
because  of  its  peculiar  shape  (2600  miles  long  and  112 
miles  average  width)  and  with  the  ocean  along  its  entire 
western  border,  does  not  suft'er  so  much,  but  in  the 
northern  part  of  Brazil,  in  Peru  and  in  Bolivia,  as  well 
as  in  Colombia  and  Venezuela,  there  are  vast  areas  en- 
tirely devoid  of  any  modern  means  of  transportation, 
and,  consequently,  impossible  of  development. 

In  Southern  Brazil,  in  some  parts  of  Argentina  and 
in  all  of  the  countries  on  the  western  coast  water  powers 
abound,  for  the  most  part  innocent  of  any  attempt  or 
even  thought  of  electrical  development.  To  the  North 
American  mind  the  high  cost  of  fuel  and  the  abundant 
water  ])ower  wotild  seem  to  afford  ample  opportunity 
for  the  exercise  of  engineering  talent  in  designing  and 
constructing  hydro-electric  developments :  also  that  sim- 
ilarly there  wotild  be  large  engineering  opportunities  in 
the  location  and  construction  of  much-needed  railroad 
extensions.  Such  conclusions  are  doubtless  correct  in 
the  abstract,  but  can  only  safely  be  acted  upon  by  one 
proposing  to  risk  his  own  success  or  failure,  after  a  dis- 


criminating and  selective  study  of  the  concrete  condi- 
tions ])revailing  in  any  one  locality  and  with  due  thought 
about  the  time  element. 

The  consulting  engineer  is  practically  non-existent  in 
South  America,  for.  although  there  are  many  well- 
educated  and  competent  engineers  on  that  continent, 
they  are  nearly  all  foreigners  who  have  gone  there  for, 
and  are  still  connected  with  one  or  more  of  the  large 
corporations  interested  in  certain  specific  developments 
(ir  in  the  distribution  of  some  foreign-made  products. 
.At  first  thought  this  condition  would  seem  to  afford  an 
attractive  opening  for  our  junior  American  engineers  to 
locate  in  important  South  American  centers  and  build 
up  clienteles.  However,  it  may  be  seriously  doubted  if 
the  time  for  this  line  of  activity  has  yet  arrived.  So 
long  as  most  of  the  important  developments  are  financed 
and  managed  by  foreign  capital  controlled  by  absentee 
boards  of  directors,  the  engineering  of  important 
])rojects  is  likely  to  be  handled  in  the  countries  where 
the  directors  reside. 

The  central  station  electric  light  compaiiy  is  a  mod- 
ern development  more  generally  found,  perhaps,  than 
that  of  any  other,  with  the  possible  exception  of  the  tele- 
])h()nc,  btit  owing  to  the  comparatively  small  amotint  of 
manufacturing  the  particular  business  of  these  compa- 
nies is  to  supply  light,  the  power  demands  being  rela- 
tively very  small.  Even  in  the  city  of  Buenos  .Aires, 
with  a  population  of  about  I  400000  people,  there  is  so 
small  a  power  demand  that,  otitside  of  the  trolley  re- 
(|uirements,  the  electric  light  load  factor  probably  does 
not  exceed  12  to  15  jicrcent.  In  very  many  of  the 
smaller  cities  and  towns  day  service  is  not  stipplied. 

nevelopment  throtigh  holding  companies,  now  so 
familiar  with  tis.  has  been  begtm  in  some  sections,  but 
their  ])aths  are  not  always  smooth.  For  example,  the 
tramway  in  Valparaiso,  Chile,  now  controlled  by  a  Ger- 
man holding  company,  originally  charged  a  rate  of  five 
cents,  Chilean,  for  a  tirst-class  passenger,  and  two  and 


^.3^ 
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one-half  cents,  Chilean,  for  a  second-class  passenger. 
.\t  a  later  period  these  fares  were  doubled  without  any 
serious  objection  being  raised.  There  is  a  clause  in  the 
company's  franchise  which  provides  that  if  the  value  of 
Chilean   money  as  compared  with  the  tacitly  accepted 
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monetary  standard  of  South  America,  i.  e.,  the  British 
pound  sterling,  falls  below  a  certain  figure  and  remains 
there  for  a  specific  length  of  time,  the  company  thereby 
acquires  the  right  to  increase  its  rates  of  fare.  Based 
on  this  right,  the  company  did  in  November,  1914,  agam 
double  its  fares,  making  the  first-class  rate  20  cents, 
Chilean,  and  the  second-class  rate  one-half  of  that 
amount.  Second-class  passengers,  by  the  way,  ride  on 
the  roofs  of  the  double-deck  cars,  one  type  of  which  is 
shown  in  Fig.  i.  This  latest  increase  of  fare  was  very 
badly  received  by  the  people,  who  evinced  their  displeas- 
ure, first,  by  mobbing  the  trolley  company's  office  build- 
ing and  smashing  all  the  windows ;  also  by  overturning 
and  destroying  some  of  their  cars ;  second,  by  the  estab- 
lishment of  a  large  number  of  jitneys  improvised  from 
a  great  variety  of  express  wagons,  carts,  etc.,  one  of 
which  is  shown  in  active  service  in  Fig.  2.  Popular 
indignation  reached  such  a  high  point  that  many  of  the 
cars  operating  in  the  city  were  run  entirely  empty,  while 
the  jitneys  were  crowded.  The  municipal  authorities 
disputed  the  right  of  the  company  to  increase  its  fares, 
and  the  question  had  reached  a  very  critical  stage  at  the 
time  of  the  writer's  visit.  Twenty  cents  and  ten, 
Chilean,  seem  like  high  rates  of  fare  until  we  learn  that 
it  now  takes  seven  Chilean  cents  to  equal  one  American 
cent  in  value,  so  that  the  fares  become  2  6/7  and  i  3/7 
cents  in  our  money,  respectively.  Before  the  increase 
they  were,  of  course,  just  one-half  these  amounts. 

Again,  when  considering  the  scanty  railroad  mileage 
as  compared  with  our  own,  and  wondering  why  there 
are  not  many  excellent  opportunities  to  build  new  lines, 
it  is  pertinent  to  turn  to  the  operating  results  of  many 
of  those  already  built  and  not  entirely  encouraging  to 
find  a  considerable  proportion  of  them  regularly  earning 
deficits.    Even  for  those  roads  which  are  profitable  the 
conditions  of  operation  are  frequently  surprising.     For 
example,    the    Trans-Andine    Railroad,    from    Buenos 
Aires  on  the  east  to  Valparaiso  on  the  west,  is  closed  to 
through  traffic  every  winter  for  a  long  period  by  reason 
of  the  heavy  snows  in  the  Andes  mountains.    When  the 
writer  crossed  last   December,  in  the   South  American 
midsummer,  shortly  after  a  several  months'  shutdown, 
the  passenger  schedule  consisted  of  one  train  a  week 
each  way.    The  inconvenience  of  travel  by  rail  over  con- 
siderable distances,  surprising  as  it  may  seem,  are  fre- 
quently so  great  that  even  the  infrequent  slow  service 
of  ocean  steamers  is  preferred.     For  example,  although 
there  is  rail  connection  all  the  way,  it  takes  from  one  to 
three  days  longer  to  travel  from  Rio  de  Janeiro,  Brazil, 
to    Montevideo,    Uruguay,    by    train    than    it    does    by 
steamer.    Again,  although  the  Chilean  Government  has 
built  an  extensive  State  railway  system,  which,  coupled 
with  the  private  lines,  forms  a  through  route  between 
Northern  and  Southern  Chile,  there  has  been  no  attempt 
to  operate  a  through  or  even  a  connected  service,  so  that 
all  through  traffic  must  perforce  go  via  ocean  steamers. 
In  Brazil,  with  a  territory  slightly  exceeding  that  of 
the  entire  United  States,  there  is  not  even  one  railroad 
connecting    the    northern    and    southern    parts    of    the 


republic,  and  the  principal  cities  in  these  two  sections 
are  nearly  as  far  from  each  other  in  point  of  time  as  are 
New  York  and  London. 

In  Bolivia  so  much  of  the  country  is  without  railroad 
transportation  that  a  very  large  part  of  their  principal 
industry — the  mining,  concentration  and  shipment  of  tm 
ore— has  to  depend  on  pack-animal  portage,  which  is  so 
expensive  that  the  cost  of  getting  concentrate  from  the 
mill  to  the  ship  is  between  six  and  seven  times  as  much 
as  the  entire  cost  of  mining  and  concentration.  The 
portage  is  done  on  burros  and  the  national  beasts  of 
burden,  the  "yamas."  A  small  drove  of  these  useful 
animals  are  shown  in  Fig.  3  coming  into  Calle  Comercio 
in  La  Paz,  the  national  capital.  There  are  many  thou- 
sands of  them  all  over  the  mountains. 

Electrical  standards  in  the  South  American  countries 
do  not  differ  greatly  from  our  own,  except  that,  there 
being  no  Institute  of  Electrical  Engineers  to  establish 
authoritative  rules,  foreign  manufacturers,  particularly 


FIG.   3 — THE    N.\T1VE    BEAST   OE    BURDEN 

Llamas  coming  into  Calle  Comercio,  Le  Paz,  Bolivia. 

the  Germans,  have  in  many  cases  taken  advantage  of  the 
purchaser's  un familiarity  with  ratings  to  supply  appa- 
ratus on  a  higher  temperature  basis  and  with  smaller 
overload  capacities.  In  Brazil,  for  lighting  and  power, 
the  demand  is  almost  exclusively  for  alternating-current 
a])paratus,  the  frequency  being  very  generally  50  cycles 
l)er  second,  and  as  there  are  very  few  isolated  plants 
the  alternating  current  is  used  practically  everywhere, 
except  for  trolley  lines.  In  contradistinction  to  this 
condition,  we  find  the  Argentine  Republic  using  almost 
exclusively  continuous-current  machinery.  The  double 
voltage  generator  operated  on  the  three-wire  system 
with  440  volts  across  the  outside  terminals  is  in  very 
general  use  for  central  station  plants,  which,  as  a  rule, 
serve  very  limited  areas.  Something  over  a  year  ago  in 
the  city  of  Buenos  Aires  a  new  central  station  lighting 
company  was  established,  using  the  three-wire  440  volt 
system,  designed  to  distribute  from  a  large  single  cen- 
trally located  iilant  during  the  hours  of  light  load,  and  to 
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supi)leiiient  the  peak  service  by  smaller  generating  sta- 
tions suitably  located  with  respect  to  the  load  centers 
and  equipped  with  direct  connected  crude  oil  burning 
units.  Tliere  is  nnich  talk  of  steam  railroad  electrifica- 
tion in  almost  every  country,  and  in  three  specific  cases, 
namely,  two  in  Argentina  and  one  in  Brazil,  it  seems 
probable  that  fairly  large  projects  of  this  kind  may  be 
anticipated  with  reasonable  confidence.  In  general,  how- 
ever, althougli  the  high  cost  of  locomotive  fuel  and  the 
abundance  of  undeveloped  water  power  available  mate- 
rially increases  the  jjossible  savings  which  may  be 
effected  by  the  substitution  of  hydro-electric  power  for 
steam,  traffic  densities  are  often  so  low  as  to  wholly  or 
partially  offset  this  advantage,  and  it  may  be  seriously 
doubted  if.  aside  from  those  above  mentioned,  extensive 


projects  of  this  nature  will  be  consummated  in  the  near 
future. 

In  discussing  the  backwardness  of  the  development 
of  South  American  resources  in  general,  an  American 
mining  engineer,  who  had  spent  several  years  in  the 
Peruvian  and  Bolivian  mountains,  offered  the  consoling 
reflection  that  an  all-wise  Providence  has  so  shaped 
things  as  to  prevent  the  rapid  exploitation  of  South 
America  because  there  have  been  sufficient  resources  for 
the  present  world's  population  in  other  countries.  The 
vast  South  American  treasure  house  is  being  preserved, 
therefore,  for  the  use  of  future  generations.  Perhaps 
this  is  a  reasonable  conclusion,  but  the  resources  are 
there  now  and  the  development  is  possible  whenever  the 
necessarv  initiative  shall  be  forthcominsj- 


Considerations  in  the  Design  of  Railway  Motors 

COMMUTATIOx\    AND    FLASHING 
R.  K.  Hellmuxd 

WHILE  THE  PROBLEMS  of  comnuitatioii  ;uid  flashing  are  here  discussed  under  one  heading  for  the 
reason  that  they  are,  to  some  extent,  related  to  each  other,  the  two  problems  are  in  many  ways  dis- 
tinctly different.  It  may  be  found,  for  instance,  that  a  motor  with  excellent  commutation  character- 
istics frequently  flashes  over  between  the  brushes,  and  vice  versa,  while  a  motor  with  bad  commutation 
may  never  give  such  trouble. 


IT  IS  recognized  by  most  operating  engineers  that  the 
best  commutation  can  be  secured  by  the  use  of  prop- 
erly designed  commutating-pole  motors.  It  is  true 
that  successful  operation  has  been  accomplished  in  the 
past  by  well-designed  non-conimutating-pole  motors, 
and  that  bad  results  have  been  obtained  in  some  in- 
stances with  poorly  designed  connnutating-pole  motors. 
This  has  led  some  engineers  to  doubt  the  advisability  of 
introducing  commutating-pole  motors.  .Again,  some 
engineers  are  skeptical  about  comminating  ])oles  because 
they  exijccted  them  to  do  things  which  they  cannot  do, 
and  consecjuenlly  they  feel  disappointed.  It  may,  there- 
fore, lie  advisable  to  jjoint  out  what  may  justly  be  ex- 
pected from  a  comnnitating  jwle  in  railway  motors  to 
compensate  for  the  added  complication. 

Imjiroved  comnnitation  of  itself  is  of  little  advan- 
tage to  the  railway  company,  because  it  does  not  mean 
increased  earnings  or  anything  ecjually  im])ortant.  Upon 
investigation,  however,  it  is  found  that  improved  com- 
mutation brings  with  it  reduced  maintenance  cost.  In 
the  first  place,  improved  commutation  means  reduced 
commutator  wear.  With  non-commutating-pole  motors 
the  sale  of  replacement  commutators  brought  consider- 
able business  to  the  mantifacturers,  but  this  business 
has  practically  ceased  since  the  introduction  of  com- 
mutating-pole motors;  and  il  is  evident  that  tlie  oper- 
ator is  the  beneficiary. 

Improved  connnutation  mc;ins  also  reduced  wear  of 
carbons,  which  means  again  reduction  of  maintenance. 
It  further  means  a  reduction  of  carbon  and  copper  dust 
inside  of  the  motor.     Such  dust  accumulations  form  a 


good  conductor  and  often  cause  insulation  breakdowns 
and  consequent  burnout  of  various  parts  of  the  motor. 
Good  commutation  further  avoids  roughening  of  the 
commutator,  which  is  usually  follow-ed  by  vibration 
leading  to  wear  and  tear  in  the  brushholder  parts  and 
consequent  maintenance  expense.  Again,  the  blacken- 
ing experienced  at  times  on  commutators  is  avoided 
with  good  commutation.  This  blackening  leads  to  the 
breaking  down  of  the  insulation  between  segments  and 
thus  causes  flashing-over  between  the  brushholders  with 
all  its  consc(|iH'nt  damages. 

'i"he  comnnitating  pole  has  further  made  possible  the 
carrying  of  heavier  overloads  in  railway  motors,  per- 
mitting in  many  cases  higher  rates  of  acceleration,  and 
therefore  more  economic  operation  with  regard  to 
power  consum])tion.  The  possibility  of  heavier  over- 
loads has  further  made  it  possible  in  many  cases  to  use 
two  nK)t(jr  equi])ments  where  four  motor  equipments 
were  formerly  necessary.  Successful  field  control 
motors  have  also  been  made  possible  by  the  comnni- 
tating pole,  leading  to  economies  which  were  practically 
impossible  without  them.  Again,  it  is  a  fact  that  com- 
mutating  poles  have  made  practicable  the  design  of 
direct-current  motors  for  voltages  above  6oo  volts. 
Finally  the  comnnitating  pole  has  made  possible  the 
design  of  motors  for  very  small  wheels,  with  armature 
tliameters  correspondingly  small. 

To  compare  commutator  or  carbon  wear  between 
non-comnuitating-pole  and  comnuUating-pole  motors  it 
is.  of  course,  necessary  to  secure  equal  conditions.  It  is 
quite  common,  for  instance,  that  a  car  type  which  used 
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to  he  operated  l)y  four  40  horse-power  motors  is  now 
beiiii^  operated  hy,  say,  two  50  horse-power  motors,  each 
of  about  the  same  weight  and  cost  as  one  of  the  old  40 
horse-power  motors ;  at  the  same  time  the  rate  of 
acceleration  is  frequently  increased.  It  should  be  con- 
sidered that  under  such  conditions  each  carbon  of  the 
new  motors  has  to  carry  two  to  three  times  as  much 
current  as  a  carbon  of  the  old  motor,  and  it  is  hardly  to 
lie  expected  that  the  commutating  pole  of  the  new  motor 
will  increase  the  life  of  the  individual  carbon  very  nuich, 
after  it  has  made  it  possible  to  reduce  the  number  of 
carbons  per  car  about  50  percent,  and  to  materially  re- 
duce the  weight  of  the  equipment 

In  order  to  get  ideal  commutation  for  all  loads  the 
commutating-pole  flux  should  change  in  proportion  to 
the  load.  This  is,  however,  only  possible  as  long  as 
these  poles  are  not  saturated  magnetically.  The  only 
way  to  avoid  saturation  at  the  large  fluxes  required  for 
heavy  overloads  is  to  build  the  iron  parts  very  heavy 
and  thick,  which  is  possible  only  to  a  limited  extent  on 
account  of  the  small  space  available. 

Another  reason  why  commutating  conditions  cannot 
be  made  altogether  ideal  is  that,  for  practical  reasons, 
it  is  not  advisable  in  railway  motors  to  design  the  arma- 
tures with  a  large  number  of  small  and  flimsy  teeth  and 
a  large  numljer  of  weak  coils,  giving  numerous  chances 
for  insulation  breakdowns.  The  preference  is  for  a 
small  number  of  large  slots,  but  these  cause  certain 
irregularities  in  commutation  which  may  lead  to  a  small 
amount  of  sparking,  usually  not  noticeable  in  well- 
designed  machines  for  other  purposes.  Again,  it  is  de- 
sirable to  have  certain  best  ratios  between  armature 
diameter  and  length,  etc.,  to  get  best  conditions  for 
connnutation,  but  in  railway  work  the  proportions  are 
not  flexible.  All  of  these  handicaps  and  difficulties  are, 
however,  not  suflicient  to  make  the  design  of  an  alto- 
gether satisfactory  commutating-pole  motor  impossible 
for  almost  any  condition  existing  at  present. 

FLASHING 

A  somewhat  greater  difficulty  is  to  design  a  railway 
motor  so  as  to  reduce  the  flashing  between  brushes  and 
from  brushes  to  ground  to  a  minimum.  This  problem 
is  not  new.  but  many  of  the  discussions  of  the  subject 
treat  only  part  of  the  phenomena  involved,  and  do  not 
fully  explain  the  reasons  for  flashing.  The  writer  will, 
therefore,  attempt  to  give  a  fairly  complete  analysis  of 
this  subject,  basing  it  as  much  as  possible  on  simple 
fundamental  facts  without  unnecessary  mathematics. 

.\  flash  of  a  railway  motor  between  brushes  and 
other  mechanical  parts  is  nothing  more  or  less  than  the 
formation  of  an  electric  arc,  similar  to  the  arc  formed 
in  an  arc  lamp.  It  takes  a  high  voltage  to  form  an  arc 
througii  air,  and  therefore  in  an  arc  lamj)  it  is  found 
necessary  to  first  bring  the  carbons  into  contact  with 
each  (ithcr,  and  subse(|uentl\-  draw  thcin  .apart.  After 
the  arc  has  once  been  established  a  conip.-iratively  small 
voltage,  from  30  to  45  volts,  will  maintain  it,  because 
the  metal  and  carbon  vapors  between  the  electrodes  are 


verv  much  better  conductors  than  air.  Hence  the  volt- 
age required  for  maintaining  an  arc  will  vary  somewhat 
with  the  amount  and  the  nature  of  the  metal  vapors 
between  the  electrodes;  also  with  the  intensity  or  size 
of  the  initial  arc. 

It  follows  directly  from  the  above  that  in  order  to 
obtain  flashing  of  a  raihvay  motor  two  things  are  nec- 
essary : — 

I — An   arc  must   he  usUiljlishcd. 

2 — The  arc  must  be  maintained  long  enough  to  cause  a 
flash  around  the  commutator,  either  extending  part 
of  the  distance  from  brush  to  brush,  or  the  entire 
distance,  or  a  distance  around  part  of  the  com- 
mutator, and  from  there  to  ground. 

By  the  same  reasoning,  there  are  two  ways  for  pre- 
venting flashing  of  railway  motors :  First,  by  avoiding 
the  formation  of  an  arc  ;it  the  brushes ;  and  second,  by 
keeping  the  voltage  Ijetwcen  the  commutator  segments 
so  small  that  an  arc  caimot  lie  maintained  between  them. 
Unfortunately,  it  is  not  always  easy  to  follow  the  above 
rules,  and  obtain  at  the  same  time  a  commercial  and 
otherwise  efficient  design.  As  in  all  other  cases,  the 
engineer  has  to  compromise  between  a  reasonable 
amount  of  safety  and  other  limiting  conditions  with  re- 
gard to  space,  weight,  efficiency,  etc.,  imposed  upon  him 
bv  practical  considerations. 

The  first  means  to  avoid  the  formation  of  an  arc  at 
the  brushes  that  suggests  itself  is,  of  course,  improving 
the  comnuitation.  There  is  no  doubt  but  that  the  mtro- 
duction  of  commutating  poles  has  helped  considerably 
in  eliminating  sparking,  and  consequent  flashing.  It  is 
well  known  \hat,  especially  at  heavy  loads,  the  old 
motors  sparked  considerably  at  the  brushes,  and  paved 
the  way  for  a  considerable  amount  of  flashing,  espe- 
cially when  non-commutating-pole  motors  were  sub- 
jected to  heavy  overloads.  While  the  commutating  poles 
have  eliminated  a  large  percentage  of  flashing,  due  to 
the  fact  that,  during  normal  running,  the  sparking— that 
is,  the  first  cause  for  flashing— has  been  eliminated,  they 
have  not  entirely  eliminated  flashing  troubles.  This 
latter  fact  is  particularly  true  in  connection  with  rail- 
way motors  on  account  of  the  special  conditions  prevail- 
ing in  railway  work.  The  reasons  for  an  occasional  arc 
at  the  brushes,  even  with  commutating-pole  motors,  are 
numerous.  It  may  happen,  for  instance,  that  when  the 
car  jumps  a  rail  joint  or  some  other  irregularity  in  the 
track  the  carbons  temporarily  jump  away  from  the  com- 
mutator on  account  of  their  own  inertia,  thereby  open- 
ing the  current  path  and  forming  an  arc.  This  is  most 
liable  to  occur  at  high  car  s])eeds,  and  this  is  one  expla- 
nation of  the  fact  that  the  commutating-pole  motors 
hardly  ever  flash  at  heavy  loads,  but  some  few  of  them 
are  flashing  a  certain  amount  at  high  car  speeds.  One 
of  the  most  successful  means  for  preventing  flashing 
caused  liv  the  jumping  of  the  motor  brushes  is  the  use 
of  a  cnniparatively  high  pressure  on  the  carbons.  i\lany 
recent  investigations  have  shown  that  in  motors  having 
good  commutation,  minimum  brush  friction  and  brush 
resistance  losses,  as  well  as  the  smallest  wear  of  carbons 
and  commutator  m.ay  be  obtained  with  brush  pressures 
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of  about  three  to  five  pounds  per  square  inch.  How- 
ever, a  somewhat  increased  pressure  does  not  materially 
increase  the  losses  and  the  wear.  Since,  on  the  other 
hand,  pressures  between  three  and  five  pounds  are  not 
always  sufficient  to  safeguard  against  the  jumping  of 
the  brushes,  it  seems  in  many  cases  advisable  to  use 
pressures  somewhat  in  excess  of  five  pounds  per  square 
inch.  The  proper  decision  in  this  respect  depends,  of 
course,  upon  a  number  of  other  details,  such  as  whether 
the  motor  suspension  is  rather  rigid,  whether  the  track 
is  in  good  or  bad  condition,  whether  high  car  speeds  are 
common,  and  finally  as  to  whether  the  motor  in  general 
is  more  or  less  inclined  to  flashing  for  other  reasons. 
The  design  of  the  brushholder,  as  well  as  the  weight  and 
inertia  of  the  brushes,  may  also  have  a  certain  influence. 
As  a  general  rule,  it  would  seem  advisable  to  apply 
initial  brush  jiressures  of  about  five  pounds  per  square 
inch.  If  the  motors  under  the  particular  conditions 
prove  to  be  altogether  free  from  flashing,  it  may  be 
advisable  to  slightly  decrease  the  pressure,  while  if,  on 
the  other  hand,  flashing  should  prove  to  be  troublesome, 
it  can  usually  be  reduced  by  raising  the  pressure  to  from 
six  to  seven  pounds  per  square  inch.  In  some  motors 
which  were  rather  inclined  to  flashing  it  has  even  been 
found  necessary  to  raise  the  pressure  as  high  as  nine 
l)0unds  per  square  inch  in  order  to  reduce  the  flashing 
trouble  to  a  reasonable  amount.  In  these  cases  it  has 
been  found,  however,  that  the  increase  in  brush  and 
commutator  wear  was  quite  noticeable.  The  jumping 
of  the  carbons  has  been  found  to  be  the  most  frequent 
cause  for  the  establishment  of  a  spark  at  the  brushes  of 
commutating-pole  motors. 

Another  reason  for  the  estaljlishment  of  a  spark  at 
the  brushes  is  the  fact  that  the  commutating  poles  do 
not,  under  all  conditions,  perform  the  duty  for  which 
they  are  designed,  namely,  overcoming  and  neutralizing 
a  certain  so-called  reactance  voltage,  which  is  set  u])  by 
the  reversal  of  the  current  in  the  armature  coils  covered 
by  the  brushes.  This  purjjose  can  easily  be  fulfilled 
while  the  motors  are  in  the  normal  running  condition. 
Assume,  however,  that  the  \w\\eY  supply  is  momentaril)- 
interrupted,  as  is  frequently  the  case  in  railway  work, 
on  account  of  section  breaks  in  the  overhead  construc- 
tion, breaks  of  third  rails,  jum])ing  of  the  trolley,  wrong 
o[)eration  of  controller,  or  other  similar  cause.  In  all 
these  cases  the  motor  will  keep  on  running  for  soiue 
time.  If  tlie  ])o\ver  is  suddenly  re-established  the  cur- 
rent will  flow  again  through  the  motor,  and  the  fluxes 
causing  the  reactance  voltage  in  the  armature  will  be  set 
up  instantaneously,  Ijcoause  they  either  go  through  air 
or  laminated  iron,  where  tliere  is  nothing  to  oppose  their 
quick  establishment.  On  the  other  hand,  the  counter- 
acting commutating-pole  flux  has  to  pass  through  the 
solid  portions  of  the  frame,  and  cannot  build  up  as 
quickly,  because  in  building  u])  it  induces  eddy  currents 
in  the  solid  portions  of  the  frame,  which  cause  a  tem- 
porary damping  effect.  This  means  that  in  the  first 
instant  the  commutating  poles  are  not  eft'ective,  which 
will  result  in  a  temporary  sparking  at  the  brushes. 


This  condition  could,  of  course,  be  obviated  by 
laminating  the  main  magnetic  sections,  but,  aside  from 
being  expensive  and  impractical,  this  remedy  would  not 
be  a  complete  one,  because  there  is  another  voltage  in- 
duced during  a  sudden  re-establishment  of  the  motor 
current,  which  could  not  be  avoided  at  all  by  the  com- 
mutating poles,  and  which  would  even  be  increased  by 
the  use  of  a  laminated  field  structure.  It  will  be  seen 
from  Fig.  I  that  the  main  flux  of  the  motor  interlinks 
with  the  armature  coils,  which  happen  to  be  short- 
circuited  by  the  brushes.  Now,  if  the  flux  interlinking 
with  a  coil  is  changed,  a  voltage  will  be  induced  within 
this  coil.  This  voltage  may  hereafter  be  referred  to  as 
inductive  voltage,  in  distinction  from  reactance  voltage, 
which  is  caused  by  the  reversal  of  current  in  the  arma- 
ture coils.  It  is  evi(K-nt  that  after  an  interruption  of 
the  current,  and  during  a  sudden  re-establishment  of  the 
held  current  and  the  field  itself,  such  an  inductive  volt- 
age is  induced,  setting  up  a  circulating  current,  in  the 
coils  short-circuited  by  the  brushes.  If  this  current  is 
intcrru])ted  liy  moving  the  particular  armature  coil 
away  from  under  the  brush  it  will  natiu-allv  form  an 
arc.      This  ])henomenon  cannot  be  helped  by  anv  of  the 


Ml,.     I — DI.^C.R.\M    SHOWINC.    TH.\T    THE    .M.MX     MOTOR    FLUX    I.NTF.R- 

I.INKS    WITH    CERTAIN    .\RM.\TURE    COILS    SO   TH.^T   A   VARIATION 

OF  THE  FLUX   WILL  INUUCE  A  VOLTAGE  IN   THESE  COILS 

well-known  coiinuutating-pole  arrangeineiUs ;  a  lami- 
nated field  structure  would  even  increase  this  voltage, 
because  it  would  permit  a  quicker  establishment  of  the 
main  flux,  giving  a  larger  rate  of  change  and.  therefore, 
a  higher  inductive  voltage.  Any  interruption  and  re- 
establishment  of  power  will,  therefore,  in  a  series  motor 
always  cause  temporarily  an  arcing  and  spitting  at  the 
brushes,  since  in  a  series  motor  a  power  interruption 
always  means  changes  in  the  field  strength.  In  a  shunt 
motor  the  field  may  be  maintained  for  a  time  even  with 
])ower  interrui>tion,  because  the  armature  excites  the 
tield. 

The  above  conditions  make  jumping  of  the  carbons 
especially  undesirable,  because  whenever  it  occurs  it  first 
forms  an  arc  by  the  current  interruption  at  the  com- 
mutator, and  when  the  carbon  comes  back  on  the  com- 
mutator the  current  is  suddenly  increased,  again  causing 
arcing. 

.Ml  of  the  above  causes  for  estal)lishing  an  arc  under 
special  conditions  exist  in  a  commutating-pole  motor  as 
well  as  in  a  non-commutating-]wle  motor,  and  this  is 
the  reason  why  the  comnnitating  poles  have  not  elim- 
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inated  the  first  cause  for  flashing  altogether.  In  order 
to  minimize  flashing  it  is,  therefore,  even  with  com- 
mutating-pole  motors,  necessary  to  resort  to  the  second 
means  enumerated  above,  namely,  to  design  the  motor 
so  that  there  is  not  much  voltage  between  the  segments 
after  they  leave  the  brushes  to  maintain  the  arc  when 
it  has  been  established. 

The  voltage  between  two  segments  of  the  com- 
mutator depends  upon  the  speed  of  the  armature,  the 
number  of  turns  between  segments,  and  the  strength 
of  the  field  at  the  point  at  which  the  coils  connected  to 
these  segments  happen  to  be  located.  The  numerical 
sum  of  the  individual  voltages  between  segments  from 
one  brush  to  another  must,  of  course,  equal  the  full  volt- 
age between  brushes,  which  is  practically  identical  with 
the  motor  voltage.  It  is  obvious,  therefore,  that  the 
more  commutator  segments  there  are  between  commu- 
tator brushes  the  smaller  need  be  the  voltage  between 
segments.  Also  the  maximum  voltage  between  seg- 
ments will  be  smaller  the  more  evenly  the  total  voltage 
is  distributed  among  the  segments ;  in  other  words,  it  is 
desirable  to  have  the  field  strength  as  uniform  as  pos- 
sible over  all  the  pole  arc.  It  is,  however,  even  without 
such  disturbing  effects  as  the  armature  magnetization, 
impossible  to  have  a  uniform  field  with  the  standard 
railway  motor  design,  on  account  of  the  necessity  of 
commutating-pole  spaces,  etc.  Curve  A,  in  Fig.  2,  shows 
the  field  form  which  is  obtained  in  most  railway  motors 
with  the  main  field  magnetized,  and  without  current  in 
the  armature.  While  this  field  is  uniform  for  a  certain 
distance  it  drops  off  towards  the  neutral  zones.  This 
curve  A,  as  well  as  some  of  the  following  curves,  are 
obtained  by  plotting  the  flux  densities  over  the  distance 
between  two  brushes  of  a  direct-current  motor.  The 
dimensions  of  the  main  poles  M  and  the  commutating 
poles  /  are  shown  underneath  the  curves ;  the  center 
lines  of  the  brushes  AT  are  also  shown  ;  the  distances  b 
are  given  to  indicate  the  zone  covered  by  the  brushes, 
which  is  usually  somewhat  larger  than  the  width  of  the 
commutating  poles  ;  the  lines  ST  indicate,  therefore,  the 
approximate  location  of  the  toe  of  the  brush,  where  the 
initial  arcs  are  formed,  if  there  is  sparking  at  the 
brushes. 

\\'hile  the  curve  A  gives  primarily  the  flux  density, 
it  also  shows  the  voltage  induced  by  the  rotation  of  the 
armature  between  two  commutator  segments  at  the  vari- 
ous points  of  the  pole  arc.  since  the  voltage  induced  by 
rotation  is  proportional  to  the  flux  densities.  It  is  evi- 
dent that  by  multiplying  the  average  heighth  of  the 
curve  .-]  by  the  number  of  segments  between  two 
brushes  the  total  armature  voltage  may  be  obtained. 

Assuming  now  that  the  main  field  is  not  energized, 
but  that  current  is  flowing  in  the  armature,  it  is  seen 
that  the  armature  is  trying  to  establish  a  cross-field, 
while  the  commutating  poles  oppose  this  field  over  a  dis- 
tance corresponding  appro.ximately  to  their  width. 
Curve  B,  Fig.  2,  shows  the  effect  of  current  in  the 
armature,  and  curve  C  shows  the  effect  of  the  com- 
mutating  poles,   with   regard   to   the    formation   of   the 


cross  fields.  In  order  to  obtain  the  field  as  it  actu- 
ally exists  with  all  the  fields  and  the  armature  ener- 
gized, the  values  of  the  curves  A,  B  and  C  are 
added  to  obtain  the  curve  D,  giving  the  resultant  flux 
or  voltage.  A  motor  will  be  altogether  safe  against 
flashing  during  normal  operation  if  the  maximum  volt- 
age at  the  point  a  is  not  nnich  more  than  30  volts,  but, 
unfortunately,  it  is  again  the  unavoidable  interruption, 
and  the  sudden  re-establishment  of  current,  which 
makes  things  disagreeable.  Because  of  the  damping 
eft'ect  of  the  solid  frame  sections,  the  main  field  requires 
more  time  to  get  established  than  the  motor  currents. 
(  )n  the  other  hand,  the  cross  field  of  the  armature  may 
be  established  practically  as  quickly  as  the  current,  be- 
cause it  passes  only  through  air  and  the  laminated  sec- 
tions of  the  armature  and  the  pole  piece.  And  in  so  far 
as  the  main  field  cannot  be  re-established  quickly,  the 
counter  e.m.f.  induced  in  the  armature  will  not  be  re- 
established at  once,  which  in  tiu'n  means  that  even 
though  the  car  continues  to  move  at  the  same  speed  a 
nnich  bigger  current  will  be  set  up  than  existed  before 
the  current  interruption,  so  that  instantaneous  condi- 
tions, such  as  shown  in  Fig.  3,  may  exist.  Assume,  for 
instance,  that,  at  a  certain  moment  shortly  after  the  re- 
establishment  of  current  connections,  the  main  field  has 
attained  about  two-thirds  its  normal  value,  as  shown  in 
Fig.  3.  This  means  that  since  the  speed  is  assumed  to 
be  about  the  same,  the  counter  e.m.f.  is  only  two-thirds 
as  big  as  the  motor  voltage.  The  only  reason  the  motor 
current  does  not  rise  to  practically  a  short-circuit  cur- 
rent is  because  the  self-induction  of  the  motor  parts 
temporarily  sets  up  a  self-inductive  counter  e.m.f., 
making  up  for  the  difference,  but,  in  spite  of  this,  the 
current  often  rises  to  at  least  three  times  its  value  prior 
to  the  current  interruption.  Consequently,  the  armature 
field  is  three  times  as  great,  as  shown  by  curve  B,  Fig.  3. 
The  commutating-pole  flux,  which  builds  up  slovidy  on 
account  of  the  damping  eft'ect  of  the  frame,  may  be 
assumed  to  have  reached  two-thirds  of  its  normal  value 
as  shown  by  curve  C.  By  adding  the  values  of  the  arm- 
ature and  main  field  values  to  obtain  resultant  field  D, 
the  maximum  voltage  is  seen  to  be  considerably  in  ex- 
cess of  what  it  is  under  normal  operating  conditions. 
However,  there  is  a  certain  distance  between  the 
brush  and  the  maximum  voltage,  where  the  voltages  are 
comparatively  low,  and  flashing  can  be  undoubtedly 
avoided  by  making  this  distance  of  low  voltage  com- 
paratively large.  This  would  mean,  however,  that  the 
poles  have  to  be  made  narrower,  which  is  not  very  eco- 
nomical, because  it  reduces  the  useful  pole  area,  and  it 
means  further  that,  in  order  to  get  the  same  average 
flux  density,  the  densities,  and  therefore  the  voltages 
under  the  pole,  have  to  be  larger,  in  proportion  as  the 
distance  of  low  voltages  not  covered  by  the  pole  arc  is 
increased. 

.\nothcr  reason  why  the  distance  of  low  voltage 
next  to  the  brush  does  not  always  he!])  nnich  with  re- 
gard to  flashing  is  the  following :  It  has  previously 
been  pointed  out  that  the  building  uj)  of  the  main  flux 
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induces    an    inductive   voltage   in   the   coils    under   the 
brushes,  causing  sparking  and  spitting.    This  same  voU- 
age  will,  of  course,  also  be  induced  in  full  strength  in 
all  coils  next  to  those  short-circuited  by  the  brushes,  be- 
cause practically  the   same  change   of   flux  has   taken 
place  inside  of  those  coils.    The  farther  the  coil  is  from 
the  brush,  however,  the  smaller  the  flux  penetrating  the 
coils,  and  the  less  the  induced  voltage,  no  voltage  being 
induced  in  the  coil  whose  axis  is  at  right  angles  to  the 
main  llux,  and  from  there  on  the  voltages  will  again  in- 
crease in  the  opposite  direction.    Curve  E,  Fig.  4,  shows 
approximately  the  voltage  induced  by  the  change  in  the 
main  flux  in  the  armature  coils  in  their  various  posi- 
tions.     Moreover,    each    armature   coil   has    a    certain 
amount  of  self-induction,  which  means  that  there  is  a 
third  voltage  induced  between  segments  in  the  form  of  a 
self-inductive  cotmter  e.m.f.  while  the  armature  current 
is  increasing.    This  voltage  depends  upon  the  amount  of 
change  of  the  current  and  the  self-induction  co-efficient 
of  the  coils;  the  latter  is  slightly  larger  for  the  coils 
under  the  i)o!cs  than  for  those  in  the  interpolar  spaces. 
The  self-inductive  voltage  in  various  coils  may,  there- 
fore, Ijc  represented  by  curve  F  of  Fig.  4.    The  induc- 
tive and  self-inductive  voltages  of  Fig.  4  are  in  many 
cases  induced   to   some  extent  at  the   same  instant   at 
which  the  rotational  voltages  shown  by  Fig.  3  are  being 
induced,   and   immediately   after   a   re-establishment   of 
power  a  resultant  voltage  curve  is  therefore  obtained, 
as  shown  in  Fig.  5,  which  is  the  sum  of  the  voltages  D, 
E  and  F.    Under  those  conditions  we  have  not  only  very 
high  maximum  voltages,  but  also  relatively  high  voltages 
adjacent  to  the  spark  at  the  brush.    Naturally,  the  arc  is 
liable  to  be  thrown  over,  until  it  reaches  a  place  in  the 
commutator  where  the  voltage  between  segments  is  low. 
By  that  time,  however,  there  will  be  considerable  metal 
vapor  all  around  the  commutator  and  the  arc  is  liable 
to  jump  almost  anywhere,  either  the  whole  distance  to 
the  other  brush,  or  to  some  part  of  the  grounded  frame 
nearby.     .V  very  common  ])ath  taken 
l)y  the  arc  is  shown  in  Fig.  9;  the  arc 
goes   friini  tlie  l)rush  about  half   way 
.ucumd    the    commutator,    where    tlio 
lii.L;h    Noitages  1)elvveen   segments   pre- 
vail.    I'Vom  there  it  is  carried  by  the 
ascending   hot    vajiors   to   the   nearest 
])arl  of  tlie  sjrounded  frame.    The  com- 
l)inatiiin    of    circumstances    illustrated 
in    l'"ig.   3  is  ])articularly  unfavorable, 
re-establishnienl  of  current   all  condi- 
tions are  not  only  favorable  for  establishing  an  arc  at 
the  brush,  but  also  all  conditions  tend   to  increase  the 
voltage  between  the  segments  near  to  the  brush  and  to 
carry  the  arc  on  around  the  commutator.     It  is  unfor- 
tunate in  this  connection  that  conditions  change  further 
in  the  wrong  direction,  as  follows; — 

If  the  field  form  of  Fig.  5  should  continue  to  exist, 
the  arc  would,  if  it  does  not  find  an  easy  path  to  ground, 
l)robably  stop  about  half  way  across,  but  by  the 
time  the  arc  is  around  that   far  the  main  field  is  about 
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estal)lished  in  full,  and  the  conditions  have  become 
sinn'lar  to  those  shown  in  Fig.  2,  which  means  that  the 
voltages  mider  the  last  half  of  the  pole  have  increased 
by  the  time  the  arc  has  gotten  that  far. 

It  might  again  be  suggested  to  laminate  the  main 
field  in  order  to  avoid  the  increased  tield  distortion,  as 
shown  in  Fig.  3,  by  a  ([uick  building  up  of  the  main  field. 
Here  again,  however,  the  quick   establishment   of   the 
main  tield  will  increase  the  voltages  shown  in  Fig.  4. 
Therefore,  the  improvement  in  one  direction  will  make 
matters  worse  in  another  direction.    Figs.  6,  7  and  8  show 
the  results  which  might  be  obtained  by  laminated  fields. 
With  a  laminated  machine  all  fluxes  build  u])  prac- 
tically as  ([uickly  as  the  current.     This  means  also  that 
the  rotational  counter  e.m.f.  in  the  armature  builds  up 
quickly.    At  the  same  time  the  self-inductive  voltages  in 
the   field  and  armature  coils  oppose  the  current,   and 
for  this  reason  the  current  peaks  will  not  be  as  high  in 
a   laminated   machine    if   the   current   is   re-established 
after  a  .short  interruption.   \\'ith  this  in  mind,  the  curves 
A,  B,  C  and  D  in  Fig.  6  have  been  plotted,  assuming 
that  at  an  instant  after  the  re-establishment  of  the  cir- 
cuit the  current  has  not  quite  reached  its  full  value,  and 
that  all  fluxes  are  proportional  to  the  current.    The  volt- 
age curve  E  in  Fig.  7,  giving  the  inductive  voltage  in- 
duced by  the  main  field,  has  now  been  assumed  much 
higher   than  in   Fig.  4,  which  applied  to  a   solid   core 
casting.    The  reason  for  this  is,  that  with  the  laminated 
core  the  main  flux  follows  the  current  directly,  building 
up  very  quickly,  which  in  turn  means  that  it  will  induce 
a  very  high  voltage  in  the  armature  coils  with  which  it 
interlinks.      Curve   /•"   shows   the   self-inductive   voltage 
of  the  armature  coils,  which  is  slightly  higher  than  in 
l""ig.  4,  liecause  the  rate  of  change  in  the  current  at  the 
instant  under  consideration  in  the  present  case  is  larger 
than  in  the  case  of  Fig.  4. 

I'^ig.  8  shows  again  the  addition  of  the  voltages  D. 
E  and  /•".  It  will  be  seen  that  the  maximum  voltage  next 
to  the  brush  is  nearly  as  high  as  in  Fig.  5,  and,  therefore, 
well  ])ast  a  safe  limit,  although  the  distance  over  which 
this  high  voltage  will  extend  is  sliorter.  It  has  been 
proven  l)y  experiment  tliat  such  a  motor  is  even  luore 
li.-ibJe  to  produce  a  vicious  spitting  and  arcing  from  one 
to  three  inches  away  from  tlie  brush,  but  lliat  the  arc  is 
at  the  same  time  less  liable  to  be  carried  across  the  com- 
nnitator. 

Ill  ,ill  (it  the  previous  consider;itinn  the  extreme  case 
of  complete  current  interruption  and  re-establishment 
of  current  has  been  discussed  to  considerable  extent.  It 
should  be  added  here  that  similar  conditions  exist  to 
a  lesser  degree  whenever  there  is  a  sudden  considerable 
change  in  current. 

The  oscillograms,  Fig.  10.  show  the  total  tield  form 
curves  obtained  immediately  after  the  current  has  been 
re-established  after  an  interru]nion.  These  oscillograms 
were  obtained  by  providing  a  railway  motor  with  two 
sli))  rings  connected  to  two  adjacent  commutator  seg- 
ments, and  by  taking  in  this  manner  the  voltage  between 
the    segments.     The   highest   voltage   induced   between 
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riCS.    3,   4    AND    5 — CURVES    FOR    MOTOR    WITH 
SOLID   CORE 


FIG.  2 — CURVES   SHOWING  VOLTAGE  BETWEEN  COMMUTATOR   SEGMENTS   AT  VARIOUS 
POSITIONS  BETWEEN  TWO  SETS  OF  BRUSHES  UNDER  NORMAL  RUNNING  CONDITIONS 

Fig.  3 — Curves  show- 
ing voltage  between 
commutator  s  e  g  m  ents 
induced  by  the  various 
fields  due  to  rotation  of 
the  armature,  after  the 
current  has  been  tem- 
porarily interrupted  and 
while  being  re-estab- 
lished. 

Fig.  4 — Curves  show- 
ing voltages  induced  by 
the  variations  of  the 
main  field  (curve  E) 
and  by  the  self-induction 
of  the  armature  coil 
(curve  F)  after  the  mo- 
tor current  has  been 
temporarily  interrupted 
and  while  being  re-estab- 
lished. 

Fig.  5  —  Curve  show- 
ing the  resultant  volt- 
ages between  commu- 
tator segments  after  the 
current  has  been  tempo- 
rarily interrupted  and 
while  being  re-estab- 
lished. The  dotted  curve 
D  obtained  during  nor- 
m  a  1  operation  is  re- 
plotted  from  Fig.  2  for 
comparison. 

Fig.  6 — Curves  show- 
ing voltage  between 
commutator  s  e  g  m  ents 
induced  by  the  various 
fields  due  to  rotation  of 
the  armature,  after  the 
current  has  been  tem- 
porarily interrupted  and 
while  being  re-estab- 
lished. 

Fig.  7 — Curves  show- 
ing voltages  induced  by 
the  variations  of  the 
main  field  (curve  E) 
and  by  the  self-induction 
of  the  armature  coil 
(curve  F)  after  the  mo- 
tor current  has  been 
temporarily  interrupted 
and  while  being  re-estab- 
lished. 

Fig.  8  —  Curve  show- 
ing the  resultant  volt- 
ages between  commu- 
tator segments  after  the 
current  has  been  tempo- 
rarily interrupted  and 
w  h  i  1  e  being  re-estab- 
lished. The  dotted  curve 
D  obtained  durin.g  nor- 
ni  a  1  operation  is  re- 
plotted  from  Fig.  2  for 
comparison. 


FIGS.  6.   7   AND  8 — CURVES    FOR    MOTOR   WITH 
LAMINATED   FIELDS 


Curve  .1,  main  field  magnetized;  curve  B.  armature  field  magnetized:   curve   C.   commntating   pole   field   magnetized:   curve   D, 

resultant  of  main  field,  armature  field  and  commutating  pole  field. 
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these  segments  was  52  volts  at  a  point  shortly  after  the 
establishment  of  the  current,  while  the  maximum  volt- 
age was  only  about  40  volts  after  the  motor  had  settled 
down  to  normal  operating  condition. 

The  armature  or  line  currents  taken  by  the  motor 
and  the  field  voltage  were  recorded  in  the  oscillograms 
at  the  same  time.  Since  the  motor  on  test  had  a  solid 
field  casting,  the  current  grew  as  high  as  about  3.25 
times  its  running  value  after  the  interru])tion.    The  field 


KIG.  10 — FlKl.l)  FORM  CUKVKS  OBTAINKl)  BY  AN  OSCIl.l.OGKAPH  AFTKR 
THE   CURRF.N'T    HAD   HKi;N    KK-KSTABI,1SHED    AKTF.K    AN    INTERRL'PTION 

self-inductive  voltage  which  is  set  up  by  the  growing  of 
the  main  flux  is,  if  the  difference  in  turns  is  taken  into 
account,  a  measure  for  the  inductive  voltage  induced  in 
armature  coils  located  at  about  right  angle  to  the  direc- 
tion of  the  main  flux.  It  apjiears  that  in  the  machine 
tested  the  inductive  voltage  is  not  very  important,  be- 
cause at  the  time  when  the  highest  voltage  between 
segments  prevails  the  curve  indicates  very  little  self- 
inductive  voltage  and,  therefore,  little  inductive  voltage 
in  the  armature  coils  induced  by  the  main  field. 

The  oscillogram  further  indicates  that  in  the  coil 
tested  the  self-inductive  voltage  of  the  armature  is  not 
especially  harmful,  because  at  the  time  the  maxinnuu 
voltage  occurs  between  the  two  segments  the  armature 
current  is  not  any  longer  increasing,  which  means  that 
the  self-inductive  voltage  does  not  add  to  the  rotational 
voltage.  The  effect  of  the  field  distortion  is,  therefore, 
the  most  harmful  in  this  case.  These  conditions  may, 
however,  vary  materially  with  the  design  of  the  motor. 

It  has  been  suggested  that  the  excessive  field  distor- 
tion might  be  obviated  by  providing  the  motors  with  a 
distributed  compensating  winding,  that  is,  a  stator  wind- 
ing all  around  the  armature,  which  would  reduce  the 
effect  of  the  armature  ampere  turns  at  all  points  of  the 
circumference  to  zero.  This  would  be  quite  effective, 
but  with  the  limited  space  available  for  railway  motors 
it  is  found  to  be  either  too  expensive  or  impractical,  or 
both.  Moreover,  it  is  i)ossible  to  builil  railway  motors 
which  have  a  fair  amount  of  factor  of  safety  with  re- 
gard to  flashing  quite  economically  without  such  special 
means. 

While  the  above  discussion  of  the  causes  of  flashing 
sounds  rather  pessimistic,  it  is  merely  intended  to  give 
the  ])rincipal  causes  for  flashing.  There  are  a  great 
many  means  through  which  the  designing  engineer  is 
enabled   to   do   very   much   towards   the  prevention   of 


flashing.  It  is  evident  that  a  large  number  of  com- 
mutator bars  between  brushes,  and  a  correspondingly 
small  number  of  turns  between  segments,  will  not  only 
reduce  the  rotational  voltage  between  segments,  but  also 
the  inductive  voltage  caused  by  changes  in  the  main  flux. 
It  is,  therefore,  as  a  rule  possible  to  practically  eliminate 
flashing  by  a  sufficiently  large  number  of  commutator 
bars.  However,  an  increase  in  the  number  of  com- 
mutator bars  is  not  always  productive  of  results.  If, 
for  instance,  the  width  of  each  bar  becomes  so  small 
that  an  arc  can  easily  be  maintained  by  passing  from  one 
liar  10  the  second,  and  thus  utilizing  the  voltage  of  two 
armature  coils,  a  further  increase  of  the  number  of 
cdininutator  liars  and  a  corresponding  reduction  of  the 
number  of  turns  between  bars  may  not  improve  flashing 
conditions. 

Excessive  field  distortion  leading  to  a  large  maxi- 
nnmi  voltage  between  commutator  segments  can  be 
avoided  by  making  the  main  field  comparatively  strong, 
and  designing  the  armature  for  a  comparatively  small 
nuiiilicr  of  conductors,  so  as  to  keep  the  armature  field 
weak  ;  it  is  further  possible  to  avoid  the  large  current 
rushes  by  giving  the  motor  much  self-induction.  Other 
improvements  may  be  obtained  by  properly  designing 
other  details  of  the  motor.  Again,  with  heavy  loads  the 
cross  flux  may  be  made  less  effective  at  the  point  of 
maximum  densities  by  saturating  the  pole  tips  and  the 
armature  teeth.  This  will  naturally  give  less  flux  at 
those  points  for  a  certain  number  of  ampere-turns.  The 
eft'ect  of  such  saturation  is  demonstrated  by  the  dotted 
line  in  Fig.  11.  This  means  was  especially  popular  dur- 
ing the  time  of  non-commutating-pole  motors  because, 
as  j)reviously  mentioned,  these  motors  sparked  severely 
at  heavy  loads,  establishing  a  permanent  cause  for  flash- 
overs  even  under  normal  running  conditions.  The  re- 
duction of  the  maximum  point  of  the  flux  through  sat- 
uration was  quite  effective  in  this  case.    The  same  effect 


FIG.    II — CURVE    SHOWING    VOLTAGE   BETWEEN    SEGMENTS    FOR    EIGHT 

I.OAUS   (low  s.vturation,  full  line)  and  for  heavy  loads 
(high  saturation,  dotted  line)  for  the  same  machine 

may  of  course  be  obtained  with  commutating-pole 
motors,  but  it  is  not  nearly  as  important,  because  these 
motors  do  not  flash  nuich  at  heav7  loads.  At  light  loads, 
and  high  speeds,  at  which  commutating-pole  motors  not 
properly  designed  usually  flash,  the  field  is  so  weak  that 
it  is  practically  impossible  to  do  much  through  satura- 
tion. Tlie  full  line  curve  of  Fig.  11  gives  the  condition 
for  small  densities  applying  to  light  loads.  This  is 
another  explanation  why  the  modern  commutating-pole 
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motors  are  more  liable  to  flash  at  light  loads  than  at 
heavy  loads.  Many  other  more  or  less  minor  schemes 
might  be  mentioned,  but  it  would  undoubtedly  lead  too 
far  to  discuss  all  of  them  in  detail  in  this  article. 

It  might  be  well  to  explain  briefly  why  some  few 
coninuitating-pole  motors  are  more  subject  to  flashing 
than  most  of  the  more  popular  non-commutating-pole 
designs.  In  non-commutating-pole  motors  it  was  abso- 
lutely necessary  to  design  the  armatures  for  low  com- 
mutating  or  reactance  voltages  in  order  to  get  fair  com- 
mutation at  the  brushes.  In  order  to  keep  the  reactance 
voltage  down  it  was  necessary  to  design  the  armature 
with  relatively  small  ampere-turns  and  with  strong  main 
fields ;  it  was  also  necessary  to  keep  the  armature  turns 
between  segments  rather  small.  This  led,  therefore,  to 
designs  with  small  field  distortion,  as  well  as  to  machines 
with  small  voltage  between  commutator  segments.  In 
other  words,  there  was  a  natural  tendency  to  design  a 
machine  which  was  little  inclined  to  carry  an  arc  across 
the  commutator.  While,  therefore,  non-commutating- 
pole  motors  were  bad,  in  so  far  as  they  would  usually 
form  an  arc  at  the  brushes,  they  were  in  many  cases 
rather  free  from  flashing,  because  there  was  not  enough 
voltage  between  segments  to  maintain  the  arc  and  draw 
it  across.  With  the  introduction  of  the  commutating 
pole  the  design  limitations  of  the  non-commutating-pole 
motor  above  referred  to  were  eliminated,  and  this  led 
some  designers  to  bring  out  motors  with  strong  arma- 
tures and  weak  fields,  as  well  as  many  armature  turns 
between  segments,  and  the  result  was  that  these  motors 
were  very  liable  to  flash ;  in  fact,  they  would  flash  over 
at  high  speed  at  almost  every  bad  rail  joint.  However, 
it  would  not  be  fair  to  hold  this  against  the  commutating 
pole. 

Another  point  brought  out  by  the  previous  discus- 
sions is  that,  in  so  far  as  the  commutating  pole  is  not  a 
safe  means  against  the  establishment  of  arcs  at  the 
brushes  under  all  circumstances,  it  is  necessary  to  keep 
down  the  voltage  for  carrying  the  arc  over.  This  in 
turn  means  that  with  a  motor  properly  designed  for 
flashing  a  small  amount  of  sparking  at  the  brushes  in 
normal  operation  does  not  have  any  harmful  influence 
upon  the  flashing;  especially  the  very  small  arcs  which 
are  at  times  observed  at  the  brushes  of  commutating- 
pole  railway  motors  are  of  practically  no  importance  in 
this  respect,  the  less  so  because  they  establish  but  a  lim- 
ited amount  of  vapors  and  because  it  requires  a  rather 
large  voltage  to  maintain  these  small  arcs. 

Another  point  of  general  interest  is  the  effect  which 
ventilating  a  motor  may  have  upon  the  flashing.  It  is  at 
times  assumed  that  the  ventilated  motor  may  collect 
additional  dust  or  dampness  upon  the  insulating  sur- 
faces and  thereby  favor  the  formation  of  flashes  along 
such  dust  or  dampness  covered  and  partly  conducting 
surfaces.  It  is  believed,  however,  that  this  assumption 
is  true  only  in  exceptional  cases.  As  a  rule,  ventilation, 
especially  if  properly  designed,  will  tend  to  remove  the 
carbon  and  copper  dust  from  within  the  motor  rather 
than   favor  the  settling  of  harmful  dust.     Ventilation 


will  also  tend  to  keep  the  motor  dry  inside,  except  in 
cases  where  the  cars  are  not  in  operation  for  consider- 
able length  of  time,  thereby  leaving  the  ventilation 
inefifective. 

Finally,  it  seems  that  ventilation  should  have  a  good 
eft'ect,  in  so  far  as  it  removes  whatever  hot  metal  vapors 
may  exist  on  account  of  sparking  or  incipient  flashes 
from  within  the  motor.  Since,  as  pointed  out  in  the 
beginning,  the  hot  vapors  are  essential  for  maintaining 
a  flash,  it  would  seem  that  ventilation  might  at  times 
cither  prevent  flashing  or  reduce  the  effect  of  flashes  by 
removing  the  hot  vapors.  It  is,  of  course,  difficult  to 
lind  out  how  important  this  is  in  practice. 

The  subject  of  flashing  would  not  be  complete  with- 
out reference  to  two  conditions  of  operation  under 
which  almost  any  rational  motor  design  is  liable  to  flash. 
The  first  is  that  motors  are  at  times  subjected  to  very 
high  overvoltages ;  it  has  been  found,  for  instance,  espe- 
cially in  third  rail  installations,  that  when  a  heavy  load 
is  suddenly  taken  off  the  line,  voltage  surges  up  to  two 
to  three  times  the  line  voltage  may  occur.  It  would 
hardly  be  possible  to  design  commercial  motors  which 
would  stand  this  under  any  condition  of  load  without 
flashing  over  now  and  then  with  these  voltages.  It 
seems,  however,  that  the  damage  caused  to  an  up-to- 
date  motor  by  flashing  under  overvoltage  conditions  is 
usually  negligible.  This  is  probably  due  to  the  fact  that 
high  voltage  surges  are  usually  of  very  short  duration, 
so  that  the  flashes  caused  and  maintained  thereby  do  not 
have  time  to  do  much  burning ;  usually  the  damage  due 
to  flashing  consists  in  very  slight  heating  of  the  com- 
mutator bars  without  affecting  the  service  given  by  the 
motors  in  any  way.  The  damage  caused  by  voltage 
surges  through  insulation  breakdown  may,  of  course,  be 
quite  serious. 

Another  cause  which  will  make  practically  every 
motor  flash  at  times,  and  which  often  results  in  serious 
damage  to  the  motors,  is  the  practice  of  throwing  the 
reverse  handle  of  a  four  motor  equipment  car,  while  it 
is  running  at  a  fairly  high  speed,  commonly  known  as 
bucking  the  motors.  With  the  motor  connections  estab- 
lished under  these  conditions  it  is  possible  for  the 
motors  to  pick  up  as  generators  under  practically  short- 
circuit  conditions.  It  seems  that  the  rush  of  current 
is  in  this  case  so  big  and  the  building  up  of  the  flux  so 
rapid  that  the  voltages  above  referred  to  as  inductive 
and  self-inductive  voltages  are  very  high,  and  will,  to- 
gether with  the  effects  of  field  distortion,  nearly  always 
cause  a  severe  flashover  if  the  motor  is  running  at  fairly 
high  speed.  Even  if  it  were  conunercially  possible  to 
design  motors  which  would  not  flash  in  this  case,  it 
would  hardly  be  worth  while  doing,  because  the  torque 
exerted  by  the  motors  when  they  are  bucked  is  so  great 
that  it  unduly  strains  the  gears,  sliaft  and  other  mechan- 
ical parts.  For  this  reason  alone  the  practice  of  throw- 
ing the  reverser  handle  while  running  should  not  be  tol- 
erated, except  possil)ly  in  order  to  avoid  accidents  and 
damages  more  serious  than  the  Ijurnout  or  breakdown 
of  a  motor. 


A  Chart  for  the  Rapid  Estimating  of  Alternating- 
Current  Power  Lines 


li.  B.  DwiGHT 
HE   CALCULATION    of   the   voltage   drop    of  From  the  diagram,  £;  =   (E  +  PR  +  QX)-  + 

(PX  —  QR)-,  or  approximately,  E ^=  E -\- PR  +  QX. 
The  voltage  drop  of  the  line  is  thus  nearly  equal  to 
PR  +  QX. 

The    vector    diagram    for    leading    jjower- factor    is 
'iliown  in  Fig.  3,  and  from  it  we  have  Ei    =:  (E  -\-  PR 


I       overhead  alternating-current  lines  is  a  common 

•*■      routine  problem  in  electrical   engineering.     The 

exact  solution  may  be  obtained  by  finding  the  resistance 

and  reactance  of  the  line  from  transmission  line  tables, 

then   drawing  a   vector  diagram   of   the   various   com- 


FIG.   2 — VI'XTOR    DIAGR.'SM    Of   AN    Al.TnRNA'riNG-ClIRRENT   LINK 
WITH    LAGGING    CURRENT 

ponents  of  the  voltage  drop  due  to  a  certain  load,  and 
from  that  calculating  the  voltage  dro]) ;  or,  if  desired, 
formulae  based  on  the  vector  diagram  may  be  used 
directly.  For  long  lines  these  should  be  extended  to 
allow  for  electrostatic  capacity. 

While  the  problem  is  not  an  especially  difficult  one, 
yet  the  work  becomes  tedious  when  repeated  many 
times  w-ith  different  arrangements  of  conductors,  and 
with  different  loads  and  [)ower- factors.  For  such  work 
sufficient  accuracy  is  obtained  with  an  estimating  chart, 
and  the  greater  part  of  the  labor  is  eliminated.  A  line 
chart  which  has  recently  been  devised  for  this  jnirpose 
is  shown  in  I<ig.  i. 

This  chart  may  be  called  a  straight  line  chart,  as 
it  is  composed  of  a  number  of  graduated  vertical  lines, 
readings  on  which  are  taken  by  laying  a  straight-edge 
across  the  chart.* 

The  voltage  vector  diagram  of  an  alternating- 
current  distribution  line  or  short  transmission  line  deliv- 


FIG.    3 — VECTOR    DIAGRAM    OF    AN    ALTERNATINX-CURRENT 
LINE    WITH    LEADING    CURRENT 

ering  energy  to  a  load  having  a  lagging  power-factor 
is  shown  itr  Fig.  2.  The  following  are  the  quantities 
represented  :— 

Hj  :=  voltage  at  generator,  or  supply  end  of  the  line. 

E   =  voltage  at  receiver,  or  load  end  of  the  line. 

/  :=  current  in  total  aminrcs  (two-i>hasc  or  tliree- 
phasc),  at  the  receiver  end  of  the  line. 

P  and  Q  =1  the  in-phase  and  quadrature  components  of  /. 

7?  and  A' =  the  resistance  and  reactance  of  each  con- 
ductor. 


*The  procedure  is  similar  to  that  used  with  the  transformer 
charts  for  efficiency  and  regulation,  by  Mr.  J.  F.  Peters,  in  the 
Journal  for  December,  1911. 


FIG.    4 — CHART    FOR    LAGGING 
POWKR-l-ACTOR 


FIG.    5 — CHART    FOR    LEADING 
POWER-FACTOR 


—  QXy-  4-  (PX  -f  QRP.     The  approximate  voltage 
drop  is,  in  this  case,  PR  —  QX. 

An  outline  of  a  straight  line  chart  for  giving  a 
((uantity  of  the  simple  form  PR  -\-  QX  is  shown  in  Fig. 
4.  Let  ab  be  a  tiniformly  graduated  scale  representing 
ohms  of  reactance  A^,  and  let  cd  be  a  similar  scale  for 
resistance.     Let  the  line  fh  be  so  located  that 

fc  Q 

Tlicn  fh  =  gh  +  fg 


+ 

ab 

ac 

p       P 

-^P+Q 

+ 

X 

Q 

P+Q 

P+Q 


(PR+QX) 


Let  /  =  V^"  +  Q'  Ije  one  total  ampere  and  let  the 
length  of  the  line  be  one  mile.     Then  the  voltage  drop, 


FIG.    6 — SPACING    POINT    FOR 

LAGGING  POWER-FACTOR 

CHART 


FIG.    7 — SPACING   POINT    FOR 

LEADING   POWER-FACTOR 

CHART 


PR  -\-  QX,  which  is  the  result  desired,  is  equal  to 
fh  (P  +  Q) 

Now  bd  is  the  straight-edge  laid  across  the  chart, 
and  fh  will  give  the  voltage  drop  if  the  scale  of  fh  is 

p   ,    f)  times  that  of  ab  and  cd.    This  explains  approxi- 
mately why  the  scales  of  the  power-factor  lines  are  each 

uniform,  Init  are  dift'erent  from  one  another. 
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A  chart  for  leading  power-factor  is  shown  in  Fig.  5, 
where  the  required  value  is  the  difference  of  two  quan- 
tities, PR  —  QX. 

Here,  fl^kl^fk 


fl/ 


-ab'- 


P+Q 


{PR  —  QX) 


calculated  for  regular  spacing,  and  when  the  distances 
between  the  wires  are  irregular,  the  effective  spacing, 

s  =  -yj abc  should  be  used,  where  jr  equals  the  effective 
spacing  and  a,  b  and  c  represent  the  distances  between 
wires.    With  regular  flat  spacing  j  ^  1.26a,  where  a  is 

5  Copper 


Thus  the  device  of  placing  the  resistance  and  react- 
ance scales  on  opposite  sides  of  the  zero  line  makes  this 
type    of    chart 
a  p  p  1  i  cable    to 
leading     power- 
factor  loads. 

It  is  necessary, 
in  preparing  the 
chart,  to  use  for- 
mulas for  a  re- 
actance scale  m 
times  as  large  as 
the  r  e  s  i  stance 
scale.  Thus,  for 
lagging  power- 
factor,  the  scale 
of  fh  is 

m 
times  that  of 
cd,  and  the  posi- 
tion  of  the 
power-  factor 
line  is  given  by 

«/■  _   Pw 

/c   "     Q 

As  the   react- 
ance of  a  trans- 
mission     line 
varies  with  both 
the  spacing  and 
the  size  of  con- 
ductor, a  chart  made  up  on  the  basis  of  Figs.  4  and  5 
would   require   preliminary   calculations    for  the   deter- 
mination of  reactances  before  it  could  be  used.   To  obvi- 
ate this  difficulty  anil  make  the  chart  complete  in  itself, 
"spacing  ])oints"  for  copper  and  aluminum  are  used  di- 
rectly as  the  reference  values  in  the  chart.  Fig.  i,  instead 
of  the  corresponding  reactance  values.     The  method  of 
determining  the  spacing  points  is  indicated  in  Figs.  6  and 
7   for  lagging  and  leading  power-factors,   respectively. 
For  a  given  spacing,  any  two  cojiper  conductors,  for  e.K- 
amjjle,  are  selected  and  their  values  of  resistance  and  re- 
actance laid  oft'  on  the  respective  scales,  viz.,  ah  and  cd. 


the  d  i  s- 
tance  from 
the  middle 
conductor  to  each  of 
the  outer  ones.  The 
eft'ective  spacing  of  a 


/^4  Cop.  § 


fSCo/fper 
•it3/}/u/n. 


Fig.  6,  or  (;/)  and  cc.  F"is; 


The  intersection  of  the  lines 


two-phase   line   is   the   mean   distance 
between  wires  of  the  same  phase. 

For  a  given  spacing,  the  straight-edge  will  pass 
drawn  through  these  points  for  each  conductor  deter-  through  a  certain  point  for  the  various  sizes  of  copper 
mines  the  "spacing  point"  for  all  copper  conductors  at  conductors,  and  so  it  is  possible  to  dispense  with  the 
the  line  .s])acing  and  frequency  selected.  These  spacing  reactance  line  of  Figs.  4  and  5.  It  is  largely  because 
ponus  are  the  same  tov  solid  wire  or  for  cal)le.   Thev  are      sjiacing  points  are  used  that  the  positions  of  the  power- 
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factor  lines  of  the  leading  charts  diflfer  so  much  from  load,  which  may  be  calculated  by  the  above  constant  K. 
those  of  the  lagging  chart.    The  effect  of  the  quadrature  'ihe  most  usual  problem  for  which  the  chart  is  suit- 
terms  in  the  vector  diagram  equations,  and  other  consid-  able    is    that    described    in    the    preceding    paragraphs, 
erations,  cause  several  other  changes  from  the  simple  namely,  finding  the  voltage  drop  for  a  given  line  and  a 
calculations  described.  given  load.     For  some  kinds  of  estimating  work  it  is 
In  using  the  chart,  a  straight  edge  is  placed  across  it  more  convenient  to  solve  the  converse  problem,  namely, 
from  the  desired  spacing  point  on  the  left  to  the  grad-  to  find  the  reciuired  size  of  conductor  for  a  given  load 
uated  scale  of  resistance  per  mile  on  the  right.    Its  inter-  and  a  given  line  drop.     This  is  usually  foimd  by  trial 
section    with    the   line   corresi)onding   to    the    required  and   error  when  calculations  are  used,  but   it   is  very 
power-factor  determines  the  change  in  receiver  voltage  easy  to  find  it  directly  with  the  chart, 
per  mile  of  line  per  total  ampere.     This  change,  V,  is  I'irst,  find  /'  with  a  slide-rule  as  follows,  capacity 
expressed  in   volts,  and   represents  a   drop   in   voltage  being  neglected : — 
when  it  is  read  on  the  same  side  of  the  zero  line  as  the  ^       Percent  Drop  x  E- 
resistance  point,  and  a  rise  in  voltage  when  read  on  the  100  000  X  K.v.a.  X  ' 

Then  place  a  straight-edge  through  this  value  of  V 


opposite  side. 

After  finding  the  factor  V  for  one  total  ampere  and 

one  mile,  the  drop  in  volts  is  calculated  according  to 

its  formula : — 

1000  K.v.a.  X  /  V 
Drop  m  volts  =  5 


and  the  point  for  the  spacing  to  be  used,  and  the  re- 
quired size  of  conductor  is  shown  on  the  resistance 
scale  at  the  right. 

Another  useful  converse  problem  is  that  of  finding 
the  k.v.a.  load  which  can  be  transmitted  over  a  given 
line  with  given  drop.     For  this  problem,  find  V  from 


\\'herc  /  =  the  length  of  the  line  in  miles,  K.v.a.  = 

TABLE  I PERCENTAGE   ERROR  OF    CALCULATIONS  OF  LINE  DROP  BY  CHART 


i..xv^xv./xv     \jx- 

v..rvi..v^  ^  ±j^\  X 

l.\JXt^      \JA.        ±J 

Percent 

Error 

LenRth  of 

Voltage 

Conductor 

Spacing 

K.v.a. 

Percent 

Percent 

Drop 

Percent 

Line  in 

at 

(Stranded) 

in 

Phase 

Cycles 

at 

P-F 

Drop  by 

Calculated 

of 

Miles 

Receiver 

B.  &  S.  Gage 

Feet 

Receiver 

at  Receiver 

Chart 

Allowing  for 
Capacity 

Line 
Voltage 

0..5 

2  200 

No.        3  Alum. 

1,.5  flat 

3 

60 

300 

.SO  lagging 

5.52 

Small 

1.7.5 

2  200 

No.        2  Cop. 

2 

1 

60 

100 

90  lagging 

7^6 

7,65 

Small 

3 

2  200 

No.         0  Cop. 

1,.5 

3 

25 

400 

70  lagging 

13,6 

13  87 

-0.3 

r, 

1 1  000 

No.         2  Alum. 

2,5 

2 

60 

3  000 

0  lagging 

9,5 

9  82 

-0.3 

12 

13  200 

No,     000  Cop. 

3 

3 

25 

4  000 

75  lagging 

11,8 

11,93 

-0.1 

20 

22  000 

No.  0000  Al. 

4  flat 

3 

60 

5  000 

0  leading 

13,9  (rise) 

14,03  (rise) 

-0.1 

35 

.50  000 

No.      00  Cop. 

6 

3 

60 

10  000 

100 

6  4 

6  24 

+0.2 

no 

06  000 

No.        1  Cop, 

8 

3 

00 

10  000 

20  lagging 

10,1 

10.26 

-0.2 

60 

80  000 

No.        0  Cop. 

8 

3 

60 

20  000 

98  leading 

7,2 

7.49 

-0.3 

7.5 

100  000 

No,      00  Cop. 

9 

3 

25 

30  000 

S5  lagging 

11,7 

11  88 

-0.2 

90 

110  000 

3.50  000  circ.mil. AI. 

12  flat 

3 

60 

25  000 

30  leading 

14   2  (rise) 

13,85  (rise) 

+0.4 

100 

11.5  000 

2.50  000circ.mil. Cop, 

10 

3 

BO 

25  000 

50  lagging 

12,8 

12.63 

+0.2 

the  k.v.a.  of  the  load  at  the  receiver  end,  E  =  the  line 
voltage  at  the  receiver  end  and  V  =  the  factor  read 
from  the  chart  as  explained  above. 

This  may  be  expressed  as  a  percentage  of  E  if  de- 
sired, as  follows : — 

100  000  K.v.a.  X  /  ;-■ 


Percent  drop  := " 


£2 


These  e(iuatioiis  are  for  two  or  three-phase  lines. 
For  a  single-phase  line  use  J'F  in  the  equations  in  place 
of  F. 

The  elYect  of  capacity  can  be  neglected  on  lines  up  to 
30  miles  long.     Vov  longer  fines  the  drop  is  decreased 


or  the  rise  is  increased  bv    100  K 


VI 000/ 


percent  or 

■^^  \Tnnn  )  volts,  where  K  =:  2.16  for  60  cycles  and 
0.375  for  -5  cycles.  Here  again  tables  of  line  constants 
have  been  dispensed  with,  as  well  as  lengthy  calcula- 
tions, and  line  capacity  is  accounted  for  sufficiently  well 
for  the  standard  of  accuracy  of  the  chart  for  lines  up  to 
100  miles  in  length  by  the  simple  constant  A.',  which  is 
independent  of  the  size  or  spacing  of  the  conductors. 
.\s  is  well  known,  the  "voltage  regulation"  is  different 
from  the  "voltage  drop"  by  the  rise  in  voltage  at  no 


the  chart,  since  the  size  and  spacing  of  the  conductors 
are  known.     Then  use  the  equation 

Kva  —  Pg'"'^g"<  Drop   X  £' 
100000  X  I  V 

Standard  conductors  have  been  marked  on  the  re- 
sistance .scales,  but  this  has  been  done  for  convenience 
only.  If  other  values  of  resistance  per  mile  are  deemed 
more  suitable,  the  straight-edge  may  be  set  to  any  de- 
sired reading  on  the  resistance  scales.  The  chart  is 
therefore  applicable  to  all  kinds  of  copper  and  alumi- 
num conductors,  except  those  having  steel  cores. 

It  is  advisable  for  anyone  working  with  the  chart 
to  have  an  estimation  of  its  usual  accuracy,  as  well  as 
to  vinderstand  its  convenience.  For  this  purpose  in 
Table  I  several  problems  are  solved  by  the  chart  and 
also  by  calculations,  and  the  percentage  of  error  due  to 
the  chart  is  shown  in  each  case.  It  is  worthy  of  note 
th.ii  the  errors  due  to  the  chart  are  much  smaller  than 
those  caused  by  the  practice,  which  is  only  too  common 
even  in  the  design  of  transmission-line  charts,  of  neg- 
lecting line  capacity.  The  voltage  drop  of  a  lOO  mile, 
60  cycle  line  is  changed  by  the  capacity  by  over  two 
percent  of  line  voltage,  which  is  four  times  the  stated 
error  of  the  chart. 


The  Electrification  of  the  Norfolk  &  Western 

Railway* 


ELKHURX   GRADE— BLUEFIELD  DIVISION 


THE  electrified  section  of  the  Norfolk  &  Western  steam  operation  to  reduce  the  speed  up  grade  in  the 
Railway,  known  as  the  Elkhorn  Grade,  is  located  tunnel  to  about  six  miles  per  hour.  This  requires  about 
on  the  main  line,  about  105  miles  west  of  Roan-  seven  minutes  to  clear  the  block,  whereas  under  electric 
oke,  and  extends  from  Bluefield  to  Vivian,  a  distance  of  operation  this  movement  is  made  in  about  three  minutes, 
about  thirty  miles.    The  section  is  double  track  through-  The  heavy  coal  trains,  known  as  "tonnage  trains," 

out,  except  in  the  Elkhorn  Tunnel,  whicli  is  single  track,  weigh  3250  tons  and  were  formerly  handled  by  three 
There  is  also  a  large  amount  of  third  track,  or  passing  steam  locomotives,  two  of  these,  a  road  engine  and 
sidings  and  branches  into  the  coal  workings,  and  yard  helper,  one  at  each  end  of  the  train,  being  used  over  the 
trackage.  The  grades  on  the  line  are  heavy,  varying  entire  section,  and  the  third,  at  the  rear,  serving  as  a 
from  i.o  to  2.5  percent,  with  many  curves.  There  are  pusher  up  the  grades.  These  steam  engines  are  of  the 
numerous  colliery  sidings  throughout  the  coal  fields,  and  heavy  Alallet  type,  with  mechanical  stokers  and  super- 
the  electric  service  includes  the  collection  of  loaded  cars      heaters.     Under  electric  operation  a  single  road  engine 

is  used  over  the 
division,  and  a 
second  is  used  as 
a  pusher  up  the 
grades.  Thus  one 
electric  engine 
takes  the  place  of 
t  w  o  Alallets,  or 
two  electric  en- 
gines take  the 
place  of  three 
Mallets  up  the 
grades  and  han- 
dle the  trains  at 
a  p  [)  r  o  ximately 
ilouble  th;  steam 
s|)ced.  The  elec- 
trical installation 
has  been  laid  out 
for    handling     20 


or  trains  f  r  o  m 
these  sidings  on 
the  e  a  s  t  b  ound 
trip  and  the  de- 
livery of  empties 
on  the  return 
trip.  .\  n  o  t  h  e  r 
condition  favora- 
b  1  e  to  electric 
traction  is  the 
fact  that  trains 
may  be  d  e  s  - 
patched  at  fairly 
uniform  intervals 
thro  ughout  the 
day.  The  p  u  r  - 
pose  of  the  com- 
pany in  electrify- 
ing this  section  is 
to     increase     the 

capacity  of  the  railway  by  reducing  the  time  required  tonnage  trains,  or  65  000  tons,  a  day  eastbound,  and 
to  handle  trains  and  to  provide  a  more  economical  jirovisions  have  been  made  for  additional  traffic  and  ex- 
and   efficient  service  over   the   heavy  grades.     To   this     tensions  when  required. 

end   the   heavy    freight   trains   are   handled    with    elec-  The  single-phase  system  of  traction  is  used,  power 

trie  locomotives  at  a  running  speed  of  14  miles  per  being  generated,  transmitted  and  distributed  single 
hour  up  the  grades,  as  compared  with  about  7^  miles  phase  at  25  cycles  and  collected  from  the  overhead 
pel-  Jiinir  under  steam  operation:  and  a  further  sav-  catenary  trolley  at  n  000  volts.  The  locomotives  are 
ing  in  time  is  also  effected  by  the  elimination  of  the  unique  in  that  they  are  equipped  with  phase  converters, 
delays  steam  trains  have  heretofore  occasioned  by  occu-     which,  in  connection  with  the  step-down  transformers 


-NORFOLK   &   WESTERN   ELECTRIC  LOCOMOTIVE   IN    SERVICE  ON   THE   ELKHORN'   C.R.\DE- 
DLUEEIELD    DIVISION 


pying  the  tracks  while  the  engines  take  on  coal  and 
water,  one  at  a  time,  at  the  several  coal  and  water  sta- 
tions on  the  grade.  The  effect  of  increased  speed  is 
especially  marked  at  the  single-track  Elkhorn  Tunnel, 
3000  feet  long  on  1.5  percent  grade,  where,  on  account 
of  ventilation  recjuirements.  it  has  been  necessary  under 


on  the  locomotives,  transform  the  single-phase  power  of 
the  trolley  to  three-phase  power  for  the  three-phase  in- 
duction motors.t  Thus,  while  retaining  all  the  advantages 
of  high  voltage  single-phase  distribution  and  collection, 
the  advantages  of  three-phase  induction  motors  for 
heavy  traction  mountain  grade  conditions  are  secured.     - 


*.\  general  outline  of  tlie  plans  for  this  electrification  was 
given  in  the  October,  1913,  issue  of  the  Joitrnvl. 


tSee  article  liy  Mr.  1!.  C.  I.ainnie  in  the  Journal  for  June. 
1915.  p.  261. 
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Another  characteristic  feature  is  the  use  of  the  loco- 
motives for  electrically  braking  the  trains  at  constant 
speed  while  descending  grades.  This  utilizes  the  energy 
in  the  moving  train  to  drive  the  motors  as  generators 
and  thus  return  energy  to  the  line.  The  ])erforniance  of 
this  feature  of  the  in.stallation  lias  ])r(iven  highly  satis- 
factory under  operating  conditions,  the  heaviest  trains 


liuildings  and  some  of  the  power  station  etjuipment,  was 
carried  out  by  a  specially  organized  railroad  force  under 


the  supervision  of  the  engineers. 


POWER    STATION 


The  ])()wer  station  is  located  at  Bluestone.  on   the 
Piluestone    river,   as   this   is   almost   the   only   available 


being  h;i 


lown  the  moimtain  grades  with  a  single      scjurce  of  water  for  boiler  feed  and  condensing  purposes 


Vivi&a 
Figi   363  to  392  InU   rppreseol  milrs  from  Noiiotk 
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engine  at  a  uniform  S])eed  of  about  15  miles  per  hour 
with  the  utmost  ease,  the  air  brakes  being  held  in  reserve 
for  bringing  the  train  to  a  standstill  when  required. 

Next  to  the  electric  locomotives,  the  most  interesting 
feature  of  the  eleclril'ication  is  probably  the  catenary 
line  construction.  In  designing  this  an  effort  was  made 
to  secure  the  maximum  degree  of  flexibility  and  free- 
dom from  bard  sjiots  at  the  contact  wire  and  also  to 
])r()viik-  the  highest  type  of  insulation.  .V  single  catenary 
is  used  with  an  auxiliary  messenger  wire  above  the 
trolley,  one  main  hanger  being  provided  for  every  two 
inlennediale  connections  lietween  auxiliary  and  trolley 
on  tangents.  For  the  main  line  three  suspension  insu- 
lators are  connected  in  series,  so  that  the  faihn-e  of  one 
or  even  two  will  not  result  in  the  complete  breakdown 
of  the  insulation. 

The  principal  elements  of  the  .\orlolk  &  Western 
electrihcation  include  the  following: — 

I'^Icctric  power  station  of  30000  kilowatts  installctl  capacity. 
Duplicate   44000   volt    single-phase    power    trans- 
mission lines  carried  on  catenary  structures 
Transformer  substations,  five  in  number,  having 

an  aggregate  installed  capacity  of  28000  k.v.a. 

in   44000/11  000   vo'.t   single-phase    step-down 

transformers. 
Distribution  and  catenary  trolley  construction   for 

main  line  tracks  and  tunnels,  including  track 

bonding  and  provisions  for  sectionalizing  and 

switcliing. 
Special  appliances  for  protection  of  tekphone  and 

telegraph  lines. 

Electric  locomotives.  PK 

Inspection   facilities  for  electric  locomotives. 
Miscellaneous    equipment,    including    provisions    for    patroling, 

inspection  and  maintenance  of  lines. 
Automatic  block  signaling  equipment. 

The  electrification  of  this  section  bail  long  been 
under  consideration,  Inu  the  decision  to  electrify  was 
not  reached  until  about  two  years  ago.  The  Norfolk  & 
Western  electrification  was  designed  and  laid  out  by 
IMessrs.  Gibbs  &  Hill,  engineers  for  the  company,  and  all 
construction,  excepting  the  ])ower  house  and  inspection 


in  the  district.  The  boilers,  stokers,  stoker  engines  and 
feed  water  heaters  are  located  on  the  main  floor  of  the 
Ixiiler  room,  while  the  puni]is,  oil  filters,  air  compressor, 
a>h-h,indling  e(|uipment  and  the  forced  draft  fans  are 
in  the  basement,  the  pumps  an<l  filters  being  in  a  sep- 
arate room.  The  main  material  storeroom  also  occupies 
a  separate  room  extending  along  one  side  of  the  base- 
ment. The  main  turbo-generator  units,  exciters  and 
signal  generators  are  located  on  the  main  fioor  of  the 
turbine  room,  the  condenser  equipment  and  fans  for 
cooling  the  generators  being  in  the  Ijasement.  The  tur- 
bine room  is  s])anned  li_\'  a  ,^0  ton  traveling  crane. 

Boilers  and  Stokers — The  boiler  plant  com])rises  ten 
.Stirling  ty])e  water  tube  boilers,  arranged  in  two  rows 
with  the  firing  aisle  betwetn.  each  row  consisting  of  two 
batteries  of  two  boilers  each  and  one  single  boiler. 
Si)acc  is  provided  in  the  jiresent  building  for  four  addi- 
tional boilers.  The  lioilers  ;ire  designed  for  a  working 
])ressure   of    -'25   potnids   gauge,   and   each   has   a   total 
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effective  healing  surface  of  6772  square  feet.  The 
boilers  are  equipped  with  superheaters  capable  of  super- 
heating the  steam  150  degrees  F.  at  normal  rating.  Each 
boiler  is  fitted  with  an  underfeed  stoker  equipped  with 
contimiotis  dumping  and  clinker  breaking  grates.  The 
stokers  are  ca]>a])le  of  develo])ing  300  percent  of  normal 
boiler  rating  when  burning  coal  having  a  heating  value 
of   l2_'5o  b.t.u.  |ier  pound. 
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Stcom  Tuvbincs  and  Condensers — The  initial  equip- 
ment consists  of  three  loooo  k\v  W'estinghouse-Parsons 
impulse  reaction  double  flow  turbines  running  at  1500 
r.p.m.  Ivich  turbine  is  equipped  with  a  separate  con- 
denser of  the  I.e  Blanc  jet  type,  connected  directly  to  the 
discharge  flanges  of  the  turbine.  Each  condenser  is  cap- 
able of  maintaining  a  vacuum  of  28  inches  when  con- 
densing 145  000  pounds  of  steani  per  hour  with  cooling 
water  at  70  degrees  F. 

Generators — The  main  turbo-generators  are  of  the 
W'estinghouse  three-jihase  type,  having  a  rating  of 
10  000  kw  at  So  percent  power-factor,  11  000  volts,  25 
cycles,  single  i)hase.  Each  generator  is  ventilated  by  a 
Sirocco  blower,  having  a  ca]>acity  of  50000  cu.  ft.  of  air 
per  minute. 

Exeitation — There  are  two  turbine-driven  and  one 
motor-(lri\cn  exciter  generators.    The  turbine-driven  sets 


FIG.    4 — VIEW    Ul-    rjVVER    HOUSE    EKOM    THE    E.\sr 
.The  inspection  building  is  shown  at  the  extreme  right. 

consist  of  small  W'estinghouse  horizontal  turl)ines  rated 
at  150  kw.  The  generators  are  compound-wound  ma- 
chines of  the  rotary  armature  type  with  commutating 
poles  and  have  a  rating  of  600  amperes  at  250  volts 
when  running  at  2200  r.p.m.  The  motor-driven  set  con- 
sists of  a  three-phase  induction  motor  rated  at  150  kw 
at  440  volts,  25  cycles,  running  at  720  r.p.m.  The  gen- 
erator is  a  compound-wound  machine  of  the  six-pole 
type  with  a  normal  rating  of  600  amperes  at  250  volts. 
A  Tirrill  regulator  is  used  to  vary  the  exciter  voltage 
over  sufficient  range  to  insure  practically  constant  volt- 
age on  the  high  tension  bus-bars. 

Signal  Generators — Power  for  signal  service  in  the 
electrified  zone  is  supplied  by  two  turbine-driven  gener- 
ators, each  set  consisting  of  a  horizontal  ^^'estinghouse 
steam  turbine  direct  connected  to  a  50  kw,  4400  volt, 
60  cycle,  single-phase  generator. 

Szcitchinfi  Apparatus — The  main  11  000  volt  bus  is 
sectionalized  and  three-phase  power  for  au.xiliary  pur- 


poses is  taken  from  the  island  section.  No  brick  or  con- 
crete bus  com]3artments  are  used,  the  bus-bars  being  of 
copper  tubing  carried  in  insulators  mounted  on  pipe 
framework.  Copper  tubing  and  bare  wire  is  used  wher- 
ever possible ;  insulated  wire  being  used  only  where  con- 
ductors are  carried  in  conduits.  All  switching  apparatus 
is  controlled  from  the  operating  gallery.  The  switch- 
boards consist  of  a  generator  bench,  main  power  board, 
auxiliary  power  board,  and  a  signal  power  board. 

Regeneration  Loading  Rlieostats — Excess  regener- 
ated power  returned  to  the  power  house  at  no  load 
passes  to  the  11  000  volt  bus  and  through  transformers 
lo  the  generators  if  the  generators  are  running  under 
very  light  load  or  no  load.  If  no  other  load  were  pro- 
\ided  the  regenerated  power  would  reverse  the  gener- 
ators and  operate  them  as  motors.  To  prevent  this  a 
loading  device  consisting  of  electrodes  immersed  in  the 
intake  canal  and  controlled  by  suitable  switches  is  pro- 
vided. 

Tk.\NSMISSI0.\ 

Power  is  transmitted  at  44  000  volts,  single  phase. 
The  wires  are  carried  on  the  catenary  supports,  except 
at  the  tunnels,  where  the  line  goes  above  ground  over 
the  summits.  There  are  two  single-phase  lines.  The 
high  tension  insulators  are  of  the  four  petticoat  pin 
type  with  a  maximmu  diameter  of  12  inches. 

SUL\ST.\T10NS 

AH  power  supplied  to  the  trolley  system  and  trains 
is  obtained  from  transformers  which  step  down  the 
voltage  from  44  000  to  1 1  000  volts.  These  are  housed 
in  suitable  buildings  except  at  West  \'ivian,  where  the 
ajjparatus  is  of  the  outdoor  type  and  unhoused.  Burke 
horn  gap  switches  are  used  for  sectionalizing  the  trans- 
mission lines  at  each  substation  and  are  mounted  on 
teel  structures  on  the  r(}of.  The  oil  circuit  breakers  in 
ihe  substations  are  remote-controlled  and  will  be  oper- 
atetl  from  adjacent  signal  towers  or  passenger  stations, 
or  yard  master's  offices,  thus  requiring  no  attendance. 
I'ower  at  440  volts  for  the  operation  of  oil  circuit 
breakers  is  obtained  from  two  step-down  transformers, 
one  connected  to  the  1 1  coo  volt  bus  and  one  to  the 
44  000  volt  bus. 

The  equijjment  of  sul)stations  is  as  follows: — 

LMueheld    2—3000  k  \-.a.  units 6000  k.v.a. 

Bkiestoue   (Power  House)  2 — 2000  k.v.a.  units 400a  k.v.a. 

.\laybeury    2— 5000  k.v.a.  units 10  000  k.v.a. 

^Lirth    Fork    2 — 3000  k.v.a.  units 6000  k.v.a. 

\  ivian    i — 2000  k.v.a.  iniit  2000  k.v.a. 


Total    capacit}-   28000  k.v.a. 

The  transformers  are  of  the  W'estinghouse  single- 
phase,  oil-instilate(l.  water-cooled  tyi^e  with  ]irimaries 
wound  for  44000  volts  and  secondaries  for  11  000  volts. 
Water  tor  cooling  is  taken  from  the  company's  i)i])e  line. 
'1  he  switching  ei|uipment  and  ihe  jjanels  in  tile  sul)- 
stations  are  of  the  same  type  ;is  in  the  [lower  house. 

lUSTKIIU-TlO.V    .\.\I)    C.\TE.\AKV    CO.NSTUUCTIO  X 

One  advantage  of  using  a  very  high  voltage  on  the 
contact  system  is  that  no  supplementary  feeders  are  re- 
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quired,  the  distribution  of  power  from  substations  being  locomotives 

effected  entirely  by  means  of  the  trolley  lines  proper.  'jhc  trafTic  on  the  electrified  section  is  handled  by 

Supporting  Structures — There  are  two  distinct  types  twelve  J/O  ton  Baldwin-Westinghouse  locomotives,  each 

of  structures  used  for  supporting  the  catenary  or  trolley  consisting  of  two  135  ton  units  or  halves.     In  handling 

lines  ■  one    which  is  used  on  the  main  line,  where  the  heavy  trains  on  these  grades  it  is  necessary  to  have  a 

wires  are  suspended  from  overhead  beams  or  girders,  part  of  the  motive  power  at  the  rear  of  the  train  in 

and  the  other,  used  in  yards,  where  an  overhead  cross-  order  to  avoid  excessive  strains  on  the  draft  rigging  of 

catenary  cable  is  used  to  support  the  longitudinal  cat-  the  cars.     In  meeting  these  conditions  the  rugged  con- 

enarv  wires  of  a  large  number  of  tracks.     It  consists  of  struction   of  the  three-phase   induction   motor   and   the 

two  tubular  steel  poles  set  in  concrete  foundations  and  lii|uiil    rheostat   are   of   the  greatest   importance.     The 

carrvin^  between  them  a  structural  H-beam,  the  beam  liquid    rheostat   not   only  gives  the   smoothest   possible 

beiuCT  partiallv  supported  by  means  of  sag  braces  up  to  gradations  of  tractive  etTort,  but  the  latent  heat  of  steam 

the  poles.     The  poles  extend  above  the  cross-beam  and  makes  it  jrossiblc  without  ditiiculty  to  dissipate  the  large 

sag  braces  and  .support  cross-arms  which  carry  the  high  amount  of  heat  generated  in  the  rheostat.    The  inherent 

tension  feeders  and  the  signal  feeders.     The  protecting  characteristics  of  the  induction  motor  which  enable  the 

srround  wires  are  clamped  to  castings   screwed  i>n   the  lucomotive  to  lidld  the  train  automatically  at  a  constant 

top  of  the  poles.    This  type  of  structure  has  ])roved  very  speed  on  descending  grades  by  regenerating  and  return- 

satisfactorv  wherever  there  is  room  on  the  right  of  way  ing  power  to  the  line  also  accentuate  the  advantages  of 

for  guying.     Catenarv  su])])orting  structures  are  nomi-  ibis  type  of  locomotive, 

nallv    ■^OO   feet   apart   on   tangent    track'   and    somewhat  i'.ach  unit  has  two  main  trucks  connected  by  a  Mallet 


ty])e  hinge,  and 
each  main  truck 
has  two  driving 
a.xles  included  in 
a  rigid  w  heel 
base  with  a  radial 
two-wheel  1  e  a  d- 
ing  truck.  Each 
1  o  c  o  m  o  t  ive  is 
e  quip  ped  with 
eight  traction 
motors  of  the 
three  -  phase  i  n- 
duction  type  with 
wound  sec  ond- 
•  iries  for  four- 
pole  and  cight- 
p  o  1  c  operation. 
The  motors  are 
forced  cooled  by 
air  from  the  main 
ventilating  duct,  which  also  delivers  air  to  the  phase 
etal-lined   tunnel,    where    high    voltages      converter   and   to   cooling   towers    for   the   li<|uid    rhco- 


closer  together  on 
cm-ves. 

in  the  I".  Ik  - 
horn  Tumiel  spe- 
cial catenary  con- 
struct  ion  was 
necessary.  T  h  i  s 
is  a  single-track 
tunnel,  3000  feet 
long;  the  walls 
are  14  feet  apart 
at  the  spring  line 
and  13  feet  apart 
at  the  base ;  the 
sjjring  line  is  11 
feet  I  inch  above 
top  of  rails,  while 
the  top  of  the 
arch  is  19  feet  3 
inches  high.  Ex- 
tended   e  X  p  e  r  i- 

mcnts  on  insulators  and  their  arrangement  were  made 
in    a    sample    me 
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Motor-generator  set  in  backKround,  operating  gallery  on  level  with  crane  track, 
low  tension  switcliinK  ronni  on  tnrhine  room  level. 


were  submitted  to  the  smoke  and  steam  from  a  stats.  There  are  two  running  speeds,  14  and  28  miles 
locomotive.  The  arrangemeiU  adopted  was  to  have  ])er  hour.  In  starting,  the  li(|uid  rheostat  is  inserted 
a  supporting  structure  every  75  feet.  .\t  each  side  in  the  secondary  circuit  of  the  motor.  1  he  main 
of  each  structure  two  cast-iron  brackets,  iield  to  the  motors  .ire  coimected  in  parallel  at  all  times:  the  eight- 
brick  lining  of  the  tunnel  by  large  bronze  expansion  i)ole  motor  combination  is  used  for  14  miles  per  hour 
bolts,  each  carrving  a  44  000  volt  transmission  line  insu-  o])cration,  and  for  the  _'S  miles  per  hour  speed  the  four- 
lator.  A  2  inch  brass  pipe  is  carried  parallel  to  the  tracks  pole  motor  combination  is  used.  The  locomotives  are 
by  the  pair  of  insulators  on  each  side.  .Another  line  eiiuijjped  with  unit  switch  control  and  arranged  for 
insulator  on  each  side  is  niouiUed  by  bronze  castings  at  operation  of  the  two  units  froiu  the  control  end  of 
the  middle  of  these  pipes  and  a  cross  ]iipe,  bent  to  follow  either.  The  current  is  led  to  the  main  transformer 
the  arch  of  the  tumiel,  forms  the  support  for  a  bronze  through  an  oil  circuit  breaker. 

messenger  wire.     The  live  catenary  parts  have,  there-  .\  phase  converter  is  connected  to  the  low  tension 

fore,  double  44000  volt  insulation  to  ground.     Despite  side  of  the  transformer  and  operates  continuously  when 

the  necessarily  very  limited  clearances,  the  work  in  this  the  locomotive  is  in  service.     To  its  extended  shaft  are 

tunnel  stood  a  test  of  three  times  normal  trolley  voltage,  coujiled  :i  blower  for  cooling  the  motors,  transformers 

and  has  so  far  performed  very  satisfactorily  in  service,  and    other   parts   and.   through   a   clutch,    the   air   com- 
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pressor.  The  converter  is  an  induction  motor  with  a 
short-circuited  or  cage  wound  secondary,  having  two 
windings  on  its  stator,  one  to  drive  the  rotor  and  the 
other  to  furnish  current  out  of  phase  with  the  main  sup- 
ply current.  The  motor  circuit  of  the  primary  winding 
of  this  converter  is  connected  across  the  secondary  of 


FIG.  6 — E.XTERIOR   Of    M.-\VHEURY    SUBST.\T10N 

Showing  horn  gap  sectionaUzing  switches  and  lightning 
arrester  equipment. 

the  locomotive  transformer  and  receives  current  at  725 
volts.  The  arrangement  of  windings  is  such  that  with 
the  converter  running  a  current  of  90  degrees  phase  dis- 
placement is  induced  in  the  second  winding  on  the  pri- 
mary of  the  converter.  Thus  by  the  use  of  the  two- 
phase — three-phase  connection  power  is  supplied  to  the 
three-phase  motors. 

Two  trolleys  are  mounted  on  each  unit.  They  are 
of  the  pantagraph  type,  but  are  unique  in  that  they  have 
been  arranged  so  that,  if  necessary,  they  may  be  fitted 
with  end  horns  which  will  automatically  fold  in  when 
the  pantagraph  is  lowered  by  the  tunnel  trolley  wire.  In 
this  way  the  unusually  wide  sliding  surface  will  accom- 
modate itself  to  the  restricted  tunnel  clearances. 

On  each  unit  there  are  four  liquid  rheostats,  one  for 
each  motor.     The  rheostats  are  operated  in  pairs,  each 


pair  having  in  common  one  storage  reservoir  and  cool- 
ing tower,  one  circulating  pump  and  one  operating 
mechanism.  The  liquid  rheostats  provide  the  external 
resistance  for  the  motor  secondaries  required  in  order 
that  the  speed  of  the  motors  may  be  slow  at  starting,  and 
niav  be  gradually  increased  as  the  resistance  is  cut  out 
of  circuit. 

For  the  purpose  of  cooling  the  various  pieces  of 
api)aratus  there  is  a  36  inch  Sirocco  fan  mounted  on 
the  shaft  of  the  phase  converter  and  arranged  to  deliver 
the  air  to  a  duct  built  into  the  cab  floor  under  the  deck. 
The  duct  runs  lengthwise  through  the  cab  and  is  ar- 
ranged with  openings  at  various  points  where  connec- 
tions are  made  to  the  traction  motors,  phase  converters, 
cooling  towers,  etc. 

The  electrical  equipment  has  been  designed  to  pro- 
vide for  electric  braking  on  grades  by  regeneration,  both 
for  the  purpose  of  safety  and  economy  of  operation. 
This  feature  brings  about  a  decrease  in  the  wear  and 
tear  on  the  brake  equipment  and  a  reduction  of  the  de- 
mand on  the  power  system,  provided,  of  course,  regen- 
eration   takes    place    at    the    same    time    that    power    is 


I  Kit  1  In 
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Showing  method  of   supporting  catenarj-  construction,  signals, 
transmission   lines,  etc. 

required  for  other  purposes.  On  tests  and  in  service 
the  locomotives  have  developed  a  drawbar  pull  consid- 
erably in  excess  of  the  guaranteed  maximum.  The  high- 
est record  with  the  dynamometer  car  is  45  000  lbs.  per 
truck.  'Ibis  corresponds  to  an  adhesion  of  about  40 
percent. 


Quantity  Production  of  Automobile 
Electrical  Accessories 


F.  \V.  VouNC 

Superintendent,  Shadyside  Works, 

W'cstinghousc   Klcctric  &  Mfg.  Company 
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ST.\H1.IS1 1  111)  exclusively  for  the  nianufacturc 
of  slartinsj  motors,  lighting  and  ignition  gener- 
ators and  antoniohile  electrical  accessories  in  gen- 
eral, the  Shadyside  Works  of  the  W'estinghouse  Fdec- 
tric  &  Mfg.  Coni])any  stands  in  a  unique  position  with 
reference  to  its  manufacturing  and  ]iroduction  facilities. 
The  plant  is  locatetl  on  the  main  line  of  the  Pennsyl- 
vania Railroad,  nine  miles  west  of  the  main  works  at 
East  Pittsburgh,  and  three  miles  east  from  the  Tilts- 
hnrgh   Inion   .Staliciii.       Tlu'  actual   jdn'sical   sejiar.'ition 


of  the  two  plants  has  made  feasible  the  introduction  at 
Shadyside  of  a  system  peculiarly  adapted  to  its  own 
needs  and,  at  the  same  time,  the  proximity  of  the  main 
works  furnishes  all  the  advantages  of  the  most  recent 
inventions,  processes,  etc.,  which  are  continually  being 
developed  by  a  corps  of  experts  constantly  at  work  on 
])roblems  alifecting  almost  every  industry.  The  system 
of  production  and  methods  of  manufacture  employed  in 
this  plant  have  been  determined  almost  entirely  with  the 
idea  of  quantity  or  mass  jiroiluction  of  the  various  types 
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i"ir.s.   I   .\XD  2 — vn;ws  in  thk  .m.\chining  depart me.nt 

Fig.  I — .AfU-r  cleaning  and  grinding,  the  magnet  frames  piss  llirougli  tliis  department  in  i>erfcct  seipicnce  of  operations, 
moving  from  one  machine  to  anotlier  withont  at  any  time  retra.-king,  and,  wlien  completed,  tliey  pass  to  tlic  point  of  painting, 
where  they  receive  a  final  check  an<l  inspection. 

Fig.  2 — The  operator  to  the  left  is  engaged  in  cutting  in  the  magnalium  end  bracket  windows,  corresponding  in  number 
and  spacing  to  the  number  and  location  of  the  lirushes  on  the  commutator  in  the  assembled  machine.  Magnalium,  while  light  in 
weight,  is  a  very  tough  alloy  and  is  best  worked  at  high  speeds,  so  that  in  order  to  obtain  the  most  efficient  speeds  suitable  for 
this  metal  and  for  the  machine  tools  individual  varial)le  speed  mntor  drives  are  used. 


1  k.S.  i   .\.N'I)  4 — KRU.I.I.NC,   THE   ENll   im.VCKETS   .\Nn   .\SSEMHI.IXC   THE   .\K.\I.\TLRE   C(;RES 

Fig.  3 — Drilling  is  the  last  operation.  To  obtain  perfect  intercbangeabihty  of  end  brackets  the  bored  frame  fit  in  the  bracket 
is  used  to  locate  it  in  the  drill  jig  with  reference  to  the  mounting  holes  to  be  drilled:  and,  to  obtain  interchangeability  of  field 
coils  in  the  complete  machine,  and  that  the  terminal  leads  may  readily  connect  to  the  binding  posts  in  the  end  brackets,  all  holes 
arc  drilled  in  one  setting,  and,  conse(iuently,  require  great  accuracy  in  jigs  and  machine  tools. 

Fig.  4 — The  mechanical  features  involved  in  the  manufacture  of  starting  motors  (torque  motors)  are  well  exemplified  in 
the  construction  and  assembly  of  armature  parts.  To  insure  a  tight  press  fit  of  all  cores,  a  multiplicity  of  keys  is  provided  by 
knurling  the  shafts.  This  coi\struction  offers  a  positive  safeguard  against  loose  cores  due  to  the  minute  variations  in  the  size 
of  holes  in  the  individual  laminations,  due  to  wear  of  dies  or  quality  of  iron,  hi  this  department  all  cores  are  assembled  and 
pressed  over  the  knurled  shafts,  and,  as  all  laminations  are  punched  with  compound  dies,  a  perfect  alignment  of  slots  is  easily 
obtained.     Building  commutators  and  mounting  them  on  the  shafts  is  also  <lone  in  this  department. 


THE     ELECTRIC    JOURNAL 


.■i'.i 


and  sizes  of  apparatus  manufactured,  as  in  most  cases 
orders  range  up  into  thousands  of  units  ;  and  as  each 
type  and  size  must  be  interchangeable,  as  a  whole  or  in 
part,  only  the  best  and  most  modern  machine  tools  are 
used.  These  in  parallel  with  an  abundance  of  jigs  and 
fixtures  provide  a  degree  of  accuracy  in  duplication  of 
parts  not  excelled  in  any  similar  line  of  manufacture. 
Everything  from  the  raw  material  to  the  finished 
product,  even  to  the  extent  of  each  individual  operation, 
is  covered  by  systematic  inspection.  For  instance,  should 
a  shaft  vary  in  dimension  by  0.0005  ''''^~'''  '■''  'ts  bearing 
fit.  it  is  rejected  as  imperfect.  The  great  care  and  close 
supervision  given  to  machining  extends  also  to  the  wind- 
ing of  armatures,  field  coils  and  all  that  is  electrical. 
Here  again  the  equipment  is  of  the  most  modern  design 
and  in  many  cases  covered  by  ])atented  |)rocesses.  giving 


advantages  to  the  [production  that,  for  the  present  at 
least,  are  not  available  to  other  manufacturers. 

In  order  to  give  an  idea  of  the  manner  of  obtaining 
and  maintaining  this  mass  production  and  its  rate  of 
speed,  accompanied  l»y  accurate  knowledge  of  the  costs, 
an  authorization  from  the  sales  department  for  the  fill- 
ing of  an  order  will  be  followed  in  sequence  through 
the  works. 

Having  assigned  a  "works  order  number"  to  a  job, 
a  request  upon  the  engineering  department  for  complete 
manufacturing  information  is  made  by  the  production 
department.  This  information  embraces  electrical  and 
mechanical  specifications,  drawings  and  bills  of  mate- 
rial. Upon  receipt  of  this  information  by  the  produc- 
tion department,  the  order  is  written  up,  first  with 
respect  to  m.aterial  to  be  piu-cliased,  parts  to  be  built  and 


I'Kia.  5   .-\ND  6 WINDING   ARMATURES   AND   FIELD  COILS,  AND  ASSEMBI.IXC.    AXI)    CONNECTING    .ARMATURES 

Fig.  5 — Generator  field  coils  and  armatures  are  all  machin.;-wound  by  girls,  who.  by  reason  of  their  patience  witli  tlie 
"little  things"  and  general  adaptability  for  this  class  of  work.  un:|uejtionably  excel  male  operators.  The  connecting  of  the  wind- 
ings to  the  commutators  is  also  done  by  girls. 

Fig.  6 — Strap  copper,  formed  to  requisite  shape,  is  used  for  starting  motor  armatures,  these  formed  coils  being  insulated 
by  girls  previous  to  winding  them  into  the  cores,  care  having  b?en  taken  so  that  each  coil  fits  in  easily  ( without  undue  strain 
against  the  edges  of  the  slots),  thereby  giving  remarkable  speed  in  winding  and  at  the  same  time  ensuring  armatures  that  will 
withstand  iioo  volts  ground  test.  While  a  500  volt  ground  test  on  this  six-volt  armature  would  be  more  than  ample,  the 
engineers  consider  iioo  volts  advisable  on  account  of  tlie  luifavoralily  severe  conditions  this  apparatus  meets  in  service. 


1  IGS.  7  .VXD  8 — BAKtLl/lNG  AND  GE.XERAI.  .\SSEMBEV   SECTIONS 

Fig.  7 — .Ml  windings,  after  being  carefully  tested,  are  bakelized.  This  not  only  puts  an  armor  of  insulating  materiil  around 
the  outside  of  the  windings,  but  most  thoroughly  penetrates  th;  insulation,  yielding  a  lasting  hard  and  rigid  winding.  The 
drying,  impregnating  and  baking  tanks  are  constructed  to  withstand  heavy  pressure  requiring,  in  the  case  of  armatures,  150  lbs. 
per  square  inch  at  a  maximum  temperature  of  150  degrees  C.  This  treatment  is  given  to  all  Shadyside  electrical  apparatus  and 
provides  such  apparatus  with  absolute  immunity  from  the  eflfects  of  vibration,  water,  steam,  moisture,  etc. 

Fig.  8 — The  assembly  sections  are  busy  departments.  Tnis  figure  typifies  systematic  production  ;  tlie  various  parts,  which 
have  been  previously  inspected  individually,  are  liere  assemlded  in  a  continuous  stream  under  the  most  scrutinizing  supervision 
of  engineers,  inspectors  and  regular  department  staff.  The  clock-like  order  of  assembly  would  prove  that  all  parts  sent  to  this 
department  are  up  to  mechanical  standards,  and  the  speed  of  production  helps  explain  the  fact  that  Sbadysides  incoming  raw 
material  is  transformed  into  outgoing  finished  apparatus  in  less  than  30  days. 
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tools   required  ;   then   a   conijilote   layout   is   made   with  work  is  performed  in  accordance  with  such  instructions 

reference  to  the  starting  and  finishing  time  for  all  parts  or  standards  established  by  experts.     This  layout  then, 

in  the  different  departments  concerned,  so  that  they  will  giving  the  exact  time  allowance,  the  exact  tools  to  be 

ultimately   meet   for  the  final  assembly,  test   and   ship-  used  and  the  rate  per  hour  to  be  paid  for  every  opera- 

ment  according  to  schedule.  lion,  enables  the  layout  clerk-  to  write  up  all  time  slips 

Tlie  mechanical  layout  is  made  in  great  detail  and  for  llie  com]jlete  jol).     Such  a  time  slip  then  specifies  the 

with  great  care  by  ex])ert  mechanics.     It  is  composed  of  order  number,  operation  numbt-r,  drawing  mnnber,  time 


riGs.  9  Axn  lo — testing  starting  motors  and  lighting  and  ignition  sets 
Fig.  9 — To  bring  out  possililc  defects  and  to  test  the  ball  bcaring.s  tborongbly,  eacb  motor  is  run  at  six  times  normal 
speed,  and  finally,  wliile  still  bot,  jiroiiy  brake  and  no-load  tests  are  made,  readings  of  wbicb  arc  cbecked  against  standards. 
Fig.  lo — All  ligbting  and  combined  lighting  and  ignition  generators  are  tested  in  line  witb  tbe  actual  conditions  imposed 
on  them  when  mounted  on  cars,  and  all  adjustments  to  battery  switclies,  interrupters,  etc..  are  made  witb  precision  instruments  in 
the  hands  of  experienced  testers.  .\  card  record  of  performance  is  filed  under  the  serial  numl)er  of  every  machine.  Machines 
having  passed  the  testing  department  are  given  a  final  inspection  and  clieck  against  the  customer's  order  and  specification. 


a  routing  ol  all  parts,  their  sc(|uence  of  operation,  with 
a  most  accurate  predetermination  of  the  time  allowance 
for  each  o]x-ration,  and  .also  a  card  of  instructions  for 
such  ])arts  or  assembly  of  parts  as  reipiire  it,  slating  feed 
and  s])eed  to  be  used,  the  sequence  to  be  followed  in  the 
asseml)ly.  etc.  .All  these  are  necessary,  of  course,  as  the 
limits  of  time  set  for  all  work  can  only  be  met  when  such 
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FIG.    II — TIMK   slip   lOR   CO.MIM.KTED   OPERATION 

.Xfter  the  slip  has  performed  its  functions  in  the  shop  it  is 
placed  in  a  locked  box  by  the  "move  man,"  from  whence  it  is 
collected  and  taken  to  the  cost  office.  Here  it  is  rated  and  cal- 
culated, .^o  percent  bonus  being  allowed  if  the  operator  meets 
or  betters  the  limit  time.  The  "base"  or  ideal  rate  and  cost  arc 
also  inserted  from  a  master  card  record.  The  two  copies  arc 
then  separated,  and  the  original  is  used  for  posting  to  the  pro- 
duction department  schedule  and  for  payroll  purposes.  The 
duplicate  is  used  for  efliciency  investigations,  after  which  it  is 
filed  by  style  or  order  number  for  periodical  posting  to  co.st 
record,  thence  to  a  permanent  file  for  reference. 


limit  of  each  ])iece.  total  limit,  mimber  of  pieces,  lua- 
chine  tool  to  be  used  or  bench  operator  to  be  employed 
f(jr  the  operation  called  for  on  the  time  slip.  These 
time  slips,  in  connection  w  ith  the  corresponding  material 
re:|uisitions.  delivery  slips,  route  tags  and  tickler  cards 
are.  upon  advice  from  the  storekee])er  that  the  material 
is   on   hand,   sent   to   their   respective   departments   and 
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l-IG.    12 — THE    "route    miARI) 

These  boards  are  the  key  to  real  systematic  production. 
The  "move  man"  in  charge  has  an  accurate  knowledge  at  all 
times  of  the  exact  standing  of  each  operation  on  all  jobs,  and 
is  ready  with  a  new  job  for  each  workman  in  anticipation  of 
the  comi)letion  of  the  one  in  progress. 

there  placed  upon  route  boards.  These  boards  are 
spaced  and  marked  with  the  numbers  of  all  machine 
tools,  benches,  etc.,  in  the  department  whicli  they  rep- 
resent. 
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Right  here  is  the  turning  point  from  the  older 
methods  of  handhng  work  in  shops,  and  where  the  new 
and  modern  shops  excel  as  a  result  of  having  standard 
organizations,  systematized  in  a  truly  scientific  sense. 
For  the  work,  having  first  been  carefully  planned  by 
high-grade   specialists   and   transformed   by   them   into 

jobs  c  o  n  s  i  s  tent 
with  the  system 
is  now  in  shape  for 
the  shop  depart- 
ments to  take  up, 
and,  as  no  point 
has  been  over- 
looked, the  man- 
a  g  e  ment  through 
the  medium  of  the 
route  board  holds 
the  d  e  p  artments 
harnessed  so  that 
neither  the  work- 
man, clerk,  or  even 
those  in  charge 
may  deviate  from 
the  plan  deter- 
mined u])on.  Get- 
ting excess  mate- 
rial, changing 
rates,  limits,  etc., 
no  longer  occurs  to 
create,  as  it  has  in 
former  times,  riot- 
ous conditions  for 
the  production  and 
cost  departments, 
as  well  as  for  the 
shop  departments 
themselves.  As  a 
result,  actual  costs 
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I — A  route  tag  identifying  tlie  job  on  the  floor  and  printed 
for  remarks  by  the  inspector. 

2 — .\  "tickler"  card  for  tlie  route  board  clerk. 
3 — Two  copies  of  material  requisition  on  stores. 
4 — Ten  time  slips  with  one  carbon  copy  each. 
5 — One  job  delivery  slip  to  stores. 

The  tickler  card,  giving  the  starting  and   finishing 
dates  of  the  job,  is  placed  in  the  tickler  file  accordingly. 


CHART   I — EFFICIENCY  AND  OUTPUT 
CURVES 

Curve  /  represents  a  ratio  of  base 
rates  to  the  actual  rates  which  is  an 
approximation  to,  and  serves  the  pur- 
pose of,  rate  efficiency.  Curve  2  repre- 
sents the  ratio  of  hours  worked  on 
bonus  to  the  total  hours  worked  for 
the  entire  plant.  Curves  _?  and  4  rep- 
resent the  time  and  cost  efficiency,  re- 
spectively, for  Shadyside  Works  in 
general.  Curves  3  and  6  represent  of  apparatus  that 
shipments   to   customer  and   shipments      ,-  ,  •       1 

to  warehouse,  respectively,  as  to  units,      tormerly     required 

six  m  o  n  t  h  s  for 
compiling,  and  which  even  then  were  more  or  less 
guess  work,  are  now  compiled  almost  immediately  and, 
as  all  records  and  questions  concerning  them  are  fresh 
at  hand,  the  costs  have  become  actual  costs,  and  there- 
fore actually  serve  the  purpose  for  which  they  are  com- 
piled. 

The  route  boards  are  manned  by  clerks  termed 
"move  men,"  and,  broadly  speaking,  their  function  is  to 
keep  each  workman  constantly  employed,  to  move  mate- 
rials with  respect  to  time  and  place  and  to  see  that  each 
workman  has  a  second  job  ready  before  finishing  the 
first.  While  a  second  job  is  ready  for  work,  the  work- 
man is  never  in  possession  of  more  than  one  time  slip  at 
a  time.  As  an  illustration  of  the  application  of  the 
method  it  will  be  applied  to  a  job  of  100  shafts,  each 
requiring  ten  operations.  The  data  furnished  the  "move 
man"  by  the  layout  clerk  to  be  placed  on  the  route  board 
includes : — 
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CHART    II— TOTAL    VALUES    C0VERI.\G    THE    lACTORS    IN    PRODUCTION 

Curves  7,  _',  _?  and  4  are  plotted  with  dollars  value  as  ordi- 
nates  and  months  as  abscissae.  By  observing  this  chart  as  a 
whole  and  contrasting  with  Chart  I,  it  can  readily  be  seen  that 
the  output  curves  5  and  6,  Chart  I,  have  a  general  upward 
tendency  which  corresponds  with  the  curves  /,  .',  s  and  4,  Chart 
II.  up  to  a  certain  point,  after  which  curves  /,  .?,  3  and  4,  Chart 
II,  have  a  downward  trend,  while  the  output  curves  5  and  6, 
Chart  I,  continue  to  increase.  Curve  10,  Chart  II,  the  "net  pro- 
duction curve,"  which  is  plotted  with  dollars,  as  ordinates,  also 
shows  the  continually  increasing  output,  especially  after  the 
ponit  referred  to  above,  at  which  the  total  pay  roll,  total  check 
roll,  productive  labor  roll,  and  total  check  expense  roll,  curves 
/,  .?,  i  and  4,  Chart  II,  respectively,  take  the  downward  course. 
This  feature  can  be  quickly  understood  by  glancing  at  curves 
/,  -'.  i  and  4,  Chart  I,  which  are  the  works  total  efficiencies. 
\ow,  by  comparing  curves  5  and  6,  Chart  II,  with  curves 
.T  and  6.  Chart  I,  it  can  be  observed  that  in  the  period  covered  by 
the  latter  part  of  the  curve  the  production  was  almost  doubled 
with  approximately  half  the  number  of  employees,  which  shows 
an  mcrease  in  production  of  approximately  400  percent  at  a 
\ery  mucli  lower  cost,  as  shown  by  the  decrease  in  total  pay 
roll;  all  of  which  is  the  effect  of  the  now  matured  system  anil 
tlie  increased  general  efficiency.  Curves  7,  8  and  9  are  plotted 
with  money  in  dollars  as  ordinates  against  months  as  abscissae, 
and  show  the  conditions  of  stores  and  work  in  progress.  By 
examining  curve  //,  Chart  II,  it  can  be  seen  that  with  the 
above-mentioned  conditions,  the  total  equipment  remained  prac- 
tically constant.  Curve  /.',  Chart  II.  is  the  total  works  invest- 
ment, and  by  comparison  with  curves  on  the  same  chart  a 
clear  idea  is  at  the  command  of  the  management  as  to  the  re- 
quired investment  for  any  |)articular  output. 
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The  material  is  drawn  on  or  before  tlie  dale  of  startin.ij 
and  is  placed  alongside  the  machine  tool  called  for  by 
the  time  sli|)  marked  Operalion-i .  This  lime  slip  is  re- 
moved from  the  route  board  through  the  tickler  and  is 

given  to  the  workman 
assigned  for  the  first 
operation,  and,  after  he 
has  finished  the  first 
operation  and  it  has 
Ijeen  insjiected,  credit  is 
given  for  the  number  of 
accepted  pieces  on  the 
time  slip  by  the  move 
man,  while  if  any  pieces 
are  spoiled  the  inspector 
changes  the  number  of 
pieces  on  the  route  tag 
to  the  mnuber  of  pieces 
that  he  has  passed 
and  then  adds  his  re- 
marks on  the  tag  under 
Oprralioii-I.  The  mate- 
rial is  then  moved  to  ih  ■ 
tool  ])erforming  the  sec- 
ond o])erati()n.  and  the 
first  time  slip  by  its  no- 
tation now  directs  the 
move  man  in  idenlifving 
the  time  sli])  on  the 
route  board  to  be  given 
out  next  for  the  second 
operation.  lint,  before 
the  second  time  slip  is 
given  to  the  next  work- 
man, t  h  e  number  of 
])ieces  called  for  on  it  is 
ma<le  to  agree  with  the 
numlier  of  ])ieces  cred- 
ited by  the  move  man  to 
the  time  slip  for  the  ])rc- 
vious  operation,  and  as 
he  takes  the  time  slip  off 
the  board  be  transfers 
all  remaining  time  slips 
from  the  hook  to  the  one 
corres];onding  in  t  h  e 
layout  with  the  loo! 
called  for  by  the  lime 
slip  for  the  second  oper- 
ation.    The  time   sli])  is 

cics  is.  of  cour.se.  a  rapidly  in-  *'^e"  ^^'^■^■"  t"  l'^^'  ^^O'"''^- 
creasing  works  efficiency,  which  man  to  ])erform  the  sec- 
is  clearly  shown  by  curves  /.  .'.  ,  operation  in  accord- 

.?  and  ./,  Chart  I.  ' 

ancc  with  the  instruc- 
tions on  it.  W  ben  this  operation  is  finished  this  second 
time  sli])  and  the  third  time  sli])  undergo  with  re- 
spect to  the  material  and  with  respect  to  the  route  board 
the  same  movements  as  did  the  first  time  slip,  until  the 
final  tenth  time  sli])  is  out  and  the  job  is  linished.    .A  com- 
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CH.\RT    III — r,ENI!R.\L   1).\T.\   OR 

si;mm.\ry  CURVES 

Curve  /  is  ol)taincd  ])y  divid- 
ing the  total  output  in  dollars  by 
the  total  number  of  employees. 
Curve  -'  gives  the  total  number 
of  employees.  Curve  .?  is  ob- 
tained t)y  dividin.g  l])e  total  out- 
put by  tile  total  number  of 
square  feet  of  floor  space  occu- 
pied. Curve  ./  is  derived  by 
dividing  the  total  number  of 
square  feet  of  floor  si)acc  by  the 
total  numl)er  of  employees.  In 
these  curves  t^ic  management 
has  at  hand  the  data  from  which 
to  ol)tain  tlie  necessary  re(|uire- 
ments  for  any  given  output. 

By  comparing  curves  5  and  6, 
Chart  I.  with  curve  ;,  Chart  III, 
whicli  is  a  i)roduct  of  curve  J. 
Chart  II,  times  dollars,  it  can  l)e 
seen  that  Shadyside  Works  out- 
put has  a  steadily  increasing 
tendency,  while  the  total  pay  roll 
figure  takes  tlie  same  direction 
at  first  and  then  proceeds  in  the 
o|)iiosite  direction.  The  result 
of    these   two    opposing   tenden- 


])leled  time  slip  for  ojieration  No.  3  is  shown  in  Fig.  11. 

The  number  of  pieces  credited  to  the  last  time  slip 
and  route  tag  is  recorded  on  the  delivery  slip  to  stores 
and  sent  to  stores  with  the  job.  The  rejected  pieces  from 
this  job  are  charged  against  the  job  and  thus  become 
part  of  the  cost  of  the  job.  For  actual  cost  purposes  the 
inspector's  time  is  necessarily  charged  to  the  job  also. 
The  time  slips  are  called  for  each  day  by  the  cost  de- 
])artment  for  posting  to  cost  cards,  labor  sheets,  payroll, 
etc.  At  the  Shadyside  Works  every  cost  of  parts  and  of 
finished  machines  is  revised  periodically  every  30  days. 

Great  stress  is  laid  on  having  standards  for  every- 
thing for  which  a  standard  may  be  set  and  on  recording 
all  jicrforniances,  so  that  a  measure  may  be  had  as  to 
bow  nearly  these  standards  are  met.  Every  operation, 
every  ])art  and  every  machine  then  has  a  base  cost 
against  which  the  cost  department  checks  all  labor  and 
material.  ,in<l  the  cfificiency  investigator  checks  the  time 
slii)s  for  the  ])lotting  of  labor  efficiency.  At  the  outset 
it  must  be  conceded  that  to  avoid  the  repetition  of 
wastes  f)f  material  or  of  labor,  action  must  be  taken 
while  the  facts  are  fresh  in  the  minds  of  those  con- 
cerned. Thus  speed  is  necessary  in  tabulating  work 
performed.  Since  all  work  i)erformed  has  a  staiulartl  of 
measure  it  is  not  difficult  to  delect  the  wastes  (inef- 
ficiencies)  accurately  and  discuss  them  the  day  follow- 
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cn.\Rr  IV — CURVES  or  time  and  cost  ei-ficiencies 
The  time  efficiency  is  the  ratio  obtained  by  comparing  the 
')ase  time  with  the  actual  time  taken  by  the  operator  to  do  the 
work.  Tlie  ct)st  elViciency  is  the  ratio  obtained  l)y  comparing 
tlie  base  cost  with  the  actual  cost  as  taken  from  the  time  slip. 
The  liase  time  is  the  limit  or  unit  time  set  to  perform  any  par- 
ticular operation,  as  obtained  from  careful  time  studies.  The 
base  rate  is  the  man-hourly  rate  set  from  e.xistin.g  standards  to 
apply  on  the  particular  class  of  work  considered.  The  base 
cost  is  a  product  of  the  base  time  and  the  base  rate  plus  the 
regular  bonus  compensation  for  meeting  the  standard  reciuire- 
ments.  In  deriving  the  above  etiiciencies  the  total  of  all  figures 
mentioned  are  used  as  taken  from  the  time  slips.  The  three 
fields,  namely,  day  work,  bonus  work  and  total  work,  show  the 
average  for  the  entire  works.  Day  work,  although  having  a 
time  estimate,  consists  of  time  turned  in  on  which  no  bonus 
limits  have  been  set.  Bonus  work  consists  of  time  turned  in 
for  work  on  which  a  limit  has  been  set  and  for  which  bonus  is 
paid  wlien  such  limits  are  met.  The  total  work  is  the  sum  of 
the  tw-o.  .\s  can  be  seen  from  the  charts,  both  the  time  and 
cost  erticicncy  curves  show  a  steadily  climbing  tendency,  which 
naturally  results  in  a  general  higher  works  efficiency. 
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ing.  For  this  jjurpose  an  "efficiency  committee,"  con- 
sisting of  the  general  foreman,  chief  cost  clerk,  chief 
production  clerk,  and  the  head  of  the  rate  department, 
with  the  superintendent  as  chairman,  holds  a  meeting 
daily  to  discuss  [)oints  under  this  heading.  The  results 
obtained  through  this  committee  are  splendidly  reflected 
in  the  cost  cards.    The  meetings  inspire  the  men  attend- 
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CHART  V — DIAGR.'\.M   OF  DAILY  AND  TOTAI,  OUTPUTS 

This  chart,  known  as  the  "load  diagram"  or  "monthly  (nit- 
piit  chart,"  sliows  at  a  glance  how  closelj'  the  total  of  the 
daily  deliveries  in  a  particular  product  approaches  the  monthly 
delivery  line.  The  solid  or  daily  delivery  curve  is  a  cumidative 
figure  approaching  from  day  to  day  the  required  monthly  out- 
put which  is  the  highest  point  on  the  monthly  delivery  line. 
The  solid  block  diagram  shown  at  bottom  indicates  the  daily 
deliveries  for  each  "working  day."  Note  that  when  the  point 
on  this  diagram  is  at  zero,  as  is  shown  for  calendar  date  4,  the 
daily  delivery  curve  runs  horizontally  at  the  same  height  as  for 
the  previous  day. 

ing  them  along  lines  that  it  was  thought  were  entirely 
out  of  their  reach  and  key  these  men  to  very  much 
l)roader  viewpoints.  There  are  availaljle  for  discussion 
at  these  meetings  curves  on  performance  of  the  com- 
plete system,  and,  aside  from  the  s])ecihc  purpose  they 
serve  the  superintendent,  they  are  most  carefulh'  scru- 
tinized by  this  committee. 

The  fact  that  everything  is  systematized  aids  every 
employee,  from  the  heads  down,  to  obey  the  standards 
set.  This  may  be  further  seen  in  the  employment  of  new 
help  or  transfer  of  help  from  one  class  of  work  to  an- 
other. .\  workman  having  passed  the  standard  company 
rules  regarding  employment,  if  employed  at  Shadvside, 
is  taken  in  charge  by  an  instructor,  a  specialist  in  the 
particular  work  for  which  the  man  is  employed.  The 
receipt  of  a  standard  form,  explaining  the  duties  of  the 
instructor  with  respect  to  the  new  employee,  is  notice  to 
the  instructor  for  action.  The  instructor's  duties  are 
to  coach  him  in  doing  the  work  and  to  aid  him  in  evcrv 


way  to  meet  the  limits,  and  when  the  instruct(jr  reports 
to  the  superintendent  that  the  new  workman  is  satisfac- 
tory he  must  jirove  from  the  time  slips  that  the  work- 
man is  performing  his  work  in  the  limits  set. 

It  is  a  shop  rule  that  every  employee  failing  to  meet 
the  limits  of  time  in  his  work  report  at  once,  as  here  also 
the  instructor  is  used  to  show  how  the  limits  may  be 
met.  .V  job  performed  in  ten  hours  for  which  the  limit 
in  time  is  ten  hours  credits  him  with  thirteen  hours,  and 
if  his  rate  is  28  cents  per  hour  he  would  earn  84  cents 
over  and  above  his  normal  rate  for  this  job.  If  he  per- 
formed the  same  work  in  eight  hours  he  would  receive 
credit  for  thirteen  hours  at  the  end  of  eight  hours,  and 
thereby  earn  $1.40  as  his  bonus.  This  great  care  in  the 
selection  of  workinen,  and  the  wage  system  employed, 
has  developed  a  steady  and  most  satisfied  working  force 
of  a  very  high  standard,  ])roducing  unif(jrmly  high 
quality  of  workmanship  in  all  lines  of  production. 
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cn.VKT    VI — COMPARISONS    BASED   ON    FACTORY   EXPENSE,   PRODUCTIVE 
LABOR  AND   NET   PRODUCTION 

Chart  \'I  shows  very  plainly  the  effect  of  the  increasing 
tendency  of  the  efficiency  curves  shown  in  Chart  I,  net  produc- 
tion. The  curve  of  factory  expenses  per  $1.00  productive  labor 
shows  very  plainly  that  the  point  has  been  attained  where  the 
relation  of  tlie  factory  e.x])ense  to  productive  labor  has  become 
constant,  while  net  production  is  still  improving. 

The  a])paratus  manufactured  at  Shadyside  is  all  de- 
signed in  the  regular  engineering  department  of  the 
company,  and  thus  has  the  personal  attention  of  engi- 
neers who  have  had  long  experience  in  designing  elec- 
trical machinery.  A  study  of  the  production  curves  here 
])resented  will  show  that  there  has  been  an  extremely 
rapid  increase  in  production  rates  ;ind  efficiencies  since 
.^h.adyside  Works  began  ])roduction. 


The  Engineering  Evolution  of  Electrical 

Apparatus — XIV 

TJJJ':    E\ULLT1U.\    OF     JllJ-:    SWITCHBOARD 

B.  P.  RowE 

Switchboard  Engineer, 

Westinghouse  Electric  &  Mfg.  Company 

FOREWORD — In  tlic  following  pages  the  writer  has  endeavored  to  set  forth  his  recollections  of  the  suc- 
cessive stages  in  the  evolution  of  the  switchboard.  Since  it  is  necessary  to  condense  this  history  into  rea- 
sonable space  and  the  subject  is  a  large  one,  it  will  only  be  possible,  like  an  aviator,  to  note  the  landmarks 
which  stand  out  prominently.  The  developments  described  are  principally  those  of  the  company  with  which 
the  writer  has  been  connected.  Lack  of  details  regarding  the  work  of  other  manufacturers,  rather  than  other 
reasons,  has  prevented  more  ample  references  to  their  developments. 


THE  FHiST  stages  in  the  evolution  of  the  switch- 
board began  with  the  appearance  of  laboratory 
meters  and  other  instruments  in  portable  form 
or  hcl  on  stibstantial  piers  for  use  as  instruments  of 
precision.  Many  of  the  earliest  meters  embodied  prin- 
ciples and  constructions  which  have  been  retained  in 
modern  meters.  The  early  application  of  the  elements 
which  make  up  a  switchboard  was  chieHy  for  the  pur- 
pose of  research  and  e.xjicrinicnt  in  the  electrical  labora- 
tories. When,  for  convenience,  such  apparatus  was 
mounted  on  a  vertical  surface  or  wall,  the  first  step  in 

the  evolution  of  the 
s  w  i  t  c  hboard  was 
made. 

It  is  uncertain  as 
to  what  laboratory 
had  the  first  switch- 
board. The  conimer- 
i-i.il  lU-inani]  only 
ramr  with  the  de- 
\cl(lpllKMlt       of       t  h  c 

electrical  i  n  ilustry, 
and  this  was  un- 
doubtedly d  u  r  i  n  i; 
t  h  e  decade  from 
1880  to  i8yo.  The 
first  arc  lighting  ser- 
v  i  c  e  began  about 
1887.  The  I'-dison 
i  n  candescent  light- 
ing systems  began 
to  be  installed  about 
i88j.  while  the  alternatini^-current.  single-phase  system 
was  put  into  service  about  886.  The  commercial  need 
for  switchboards  for  lighting  iniqioses  and  for  railway 
service  became  evident  soon  after  the  practicability  of 
using  electricity  for  commercial  i)urposcs  had  been  dem- 
on.st  rated. 

Fuses  were  early  employed  both  for  laboratory  work 
and  commercial  purposes.  These  utilized  fusible  alloys, 
lead  being  the  chief  con.stituent ;  some  of  the  first  fuses 
were  of  ])ure  sheet  lead.  .\n  early  development  of  fuse 
block  was  called  a  safety  catch  liolder  or  fuse  jilug  and 


•  v 


I-IO.   I — KARI.Y  SWITCHBOARD  MKTER, 
1886-189I 

These  meters  had  their  movements 
and  conducting  parts  mounted  on 
wooden  bases,  which  served  as  the  in- 
sulating medium.  They  were  actuated 
by  solenoids  working  against  gravity. 


had  a  wooden  base  with  duplicate  fuses,  either  of  which 
could  be  put  into  service  by  means  of  plugs.  The 
earliest  form  of  protection  for  generators  and  motors 
comprised  heavy  lead  fuses  of  the  open  link  type,  which 
were  used  for  all  ptirposes  in  regular  practice  until 
improvements  began  to  be  made,  1892-1894,  when  some 
enclosed  fuses  were  designed.  The  Westinghouse  Com- 
pany about  1892-1895  put  on  the  market  the  well-known 
lignum-vitae  enclosed  fuse  blocks,  which  had  sneezer 
vents  and  aluminum  fuses. 

The  earliest  types  of  switching  devices  were  of  the 
])lug  ty])e,  being  of  small  capacity  and  con.sisting  either  of 


(a)  (bj  (c) 

I-IG.    2— EARLY    WI-STIXGHOUSE    PROTECTIVE    DEVICES.    1886-189I 

The  small  capacity  fuse  block  shown  at  (a)  was  once  in 
common  use  and  was  known  as  a  safety  catch  holder.  The 
knife  switch  at  (b)  was  for  heavy  service  and  is  shown  pro- 
tected bv  lead  fuses.  A  fuse  block  for  alternating-current  ser- 
vice is  .shown  at  (c).  The  heavier  fuse  was  shunted  by  a  lighter 
fuse  of  very  line  wire  and  greater  length  and  resistance,  which 
finally  ruptured  the  arc. 

a  pair  of  small  contacts  which  were  connected  together 
by  inserting  a  plug  or  of  a  receptacle  which  formed  the 
terminal  of  a  circuit,  the  plug  for  such  receptacle  being 
supplied  with  a  cable  to  extend  the  circuit  to  some  other 
device.  The  latter  form  was  largely  used  for  direct- 
current  arc  lighting  circuits.  When  larger  capacities 
became  necessary  various  forms  of  switches  of  the 
knife-blade  type,  the  predecessors  of  our  modern 
switches,  made  their  appearance. 

The  requirements  for  switching  were  originally  very 
simple,  and  since  the  voltage  was  low,  except  on  arc 
circuits,   quick   break    switches   and   devices    for   extin- 
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guishing  the  arc  were  not  necessary.  The  most  vicious 
arc  in  practice  was  that  from  the  constant  current  arc 
circuits,  and  it  was  easily  handled  by  means  of  plug 
switches.  Any  constant  potential  circuit  in  commercial 
use  could  be  protected  by  an  open  link  fuse,  and  engi- 
neers  did    not    realize   that    fuses   and    circuit    opening 


(a)  (b)  (c) 

FIG.    3 — E.^RLY   TYPES    OF    SWITCHES,    1886-189I 

(a)  Waterhouse  arc  plug,    (b)  Early  knife  switch,     (c)  Adjust- 
able-jaw type  knife  switcli. 

devices  were  limited  in  their  ability  to  open  circuits  by 
the  amount  of  energy  that  could  be  developed  in  a  short- 
circuit. 

The  original  transmission  lines  were  simple,  and  all 
switching  was  done  in  the  power  house,  if  switches 
existed  at  all,  so  that  line  disconnecting  and  isolating 
switches  were  uncommon.  It  was  the  introduction  of 
the  street  railway  which  created  a  demand  for  devices 
which  would  rupture  arcs  without  damage  to  the 
apparatus,  as  the  heavy  500  volt  direct-current  arcs 
were    found    to    be    more    destructive    and    dangerous 


FIG.   4 — ARC   LIGHTING   SWITCHBO.\Rl),    1885-189U 

This  illustration  shows  a  typical  wooden  switchboard  which 
controls  direct-current  arc  circuits.  It  was  of  black  walnut,  22 
ft.  long.  8  ft.  6  in.  high,  having  two  sets  of  receptacles  with 
plugs  and  cables.  By  means  of  these  plugging  devices,  circuits 
were  transferred  from  one  generator  to  another  or  cut  out 
without  interrupting  the  generator  circuits. 

than  those  of  lower  voltage.  The  earliest  railway  gen- 
erators were  protected  by  heavy  open  link  fuses  of  lead, 
which  caused  great  annoyance  when  blown  on  short- 
circuits  or  grounds  from  lightning  discharge  on  account 
of  the  frequent  interruption  of  service  during  replace- 
ment, and  the  burning  of  the  fuse  clips. 

During  the  years  between  1880  and  1890  there  were 
many  forms  of  meters  in  use.  Among  the  best  known 
were  the  Ayrton  &  Perry  iron  helix  meter.  Sir  William 

i 


Thomson's  graded  ammeter,  the  Schukert  iron  vane 
ammeter  and  tlie  Evershed  gravity  ammeter.  There 
were  also  the  hut  wire  voltmeters  invented  by  Major 
C'ardew.  Sir  \\'illiam  Thomson's  static  voltmeter,  the 
well-known  sine  and  tangent  galvanometers  of  various 
forms  and.  near  the  end  of  the  decade,  the  D'Arsonval 
galvanometer.  .\t  this  time  also  the  Thomson  balance 
became  available  for  accurate  measurement  of  current. 
i*"or  power  measurement  the  Siemen's  dynamometer 
was  a  pioneer,  and  for  accurate  measurements  of  small 
amounts  of  direct-current  power  the  copper  volta- 
meter was  exploited.  Many  of  these  instruments  were 
excellent  for  laboratory  purposes,  but  were  unsuited  to 
station  use  as  indicating  instruments. 

The  switchboard  measuring  instruments  in  early  use 
were  based  on  the  principles  of  the  laboratory  meters 
which  seemed  to  be  most  suitable  for  the  service.  The 
use  of  resistances  was  early  found  necessary  in  labora- 
tories for  Wheatstone  bridge  measurements  and  various 
other  [Hirposes.  These  usually  took  the  form  of  wound 
bobbins   of    (jerman    silver   or   iron    wire   in    the   small 


FIG.    5 — DIRECT-CURRENT    R.^ILWAY    SWIlCHBO.\RIi,    1808-189I 

This  shows  the  typical  railway  switchboard  in  use  during 
this  period.  It  was  of  wood  and  controlled  energy  from  three 
railway  generators  and  three  feeders.  A  noticeable  feature  is 
that  the  generator  switches  were  mounted  so  that  the  handles 
were  down  when  the  switches  were  closed — a  practice  which 
was  later  discontinued.  The  bus-bars  were  enclosed  by  wood 
coverings,  showing  an  early  endeavor  towards  safety  first. 

capacities,  and  helixes  of  such  wire  suitably  suspended 
for  heavier  capacities.  Face  plates  for  rheostats  were 
of  wood,  with  brass  contacts. 

The  earliest  lightning  arrester  took  its  form  from 
the  design  then  in  vogue  for  telegraph  service,  and  con- 
sisted of  two  plates  of  copper  with  saw-tooth  edges  ad- 
jacent so  that  lightning  could  jump  from  the  points  of 
one  plate  to  the  opposite  points  on  the  adjacent  plate,  the 
latter  being  connected  to  ground.  It  was  soon  found 
that  such  an  arrester,  originally  designed  for  use  on  bat- 
tery circuits,  was  inadequate  when  voltages  were  em- 
ployed of  sufficient  strength  to  maintain  the  arc  started 
by  lightning  discharge,  and  many  such  arresters  went 
up  in  smoke.  The  next  step  was  the  insertion  of  a  fuse 
which  would  interrupt  the  circuit  as  soon  as  the  current 
from  the  circuit  began  to  escape  to  ground.  This  was 
also  of  little  utility.     These  arresters  were  succeeded  bv 
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several  types,  among  which  were  the  'I'honison- Houston  There  was  no  main  switch  and  no  means  of  (hsconnect- 
magnetic  blow-out  arrester,  the  W'estinghouse  Keystone  ing  the  generator  from  the  circuit.  When  the  plant  was 
arrester  and  others.  .\l)out  1890  Mr.  Alexander  J.  to  he  started  it  was  started  with  all  of  the  feeder  systems 
Wurts  made  an  elaborate  series  of  valuable  investiga-  tied  solidly  to  the  switchboard  connections.  Frec[uently 
tions  regarding  lightning  ijhenomena,  and  as  a  result  a  such  an  outfit  refused  to  generate  because  of  a  short- 
new  line  of  protective  a])i)aratus  was  devised.  He  also  circuit  caused  during  the  time  the  plant  was  shut  down, 
left  his   mark   on   W'estinghouse   switchboard   practice,  which  shunted  the  field  coils  and  prevented  the  machine 


since   he   maintained    that    the   ]ilace    for   lightning   ar- 


FIG.   6 — K.VUI.Y    DIRECT-CUliRKNT    .SWITCHBOARD,    l883-l8;)0 

Tliis  sliovvs  one  of  the  typicHl  early  switchboard  for  125 
volt  incandescent  lighting.  The  meters  are  enclosed  in  wooden 
cases  with  glass  front,  and  are  of  the  gravity  type.  The  am- 
meters have  heavy  copper  solenoids  and  iron  cores,  while  the 
voltmeter  in  the  center  has  a  shnnt  solenoid  and  is  merely  a 
voltage  indicator,  the  desired  voltage  being  indicated  by  a  mark 
in  the  center  of  the  scale.  The  bird  cage  rheostats  are  located 
on  the  bottom  of  the  board,  which  was  once  a  favorite  location 
for  dial  plates  of  this  type;  they  were  often  manipnlated  with 
the  foot.  The  ap!>aratns  was  mounted  on  matched  lumber  and 
was  also  front  connected,  as  was  usual,  but  e-xtra  studs  had  been 
arranged  on  the  apparatus  to  enable  rear  connections  to  be 
made  in  an  endeavor  to  make  a  more  sightly  arrangement.  The 
rear  connections,  and  the  use  of  marble  bases  on  the  apparatus. 
show  the  tendency  to  improve  the  designs. 

resters  and  choke  coils  was  on  the  incoming  lines  where 
they  entered  the  station  and  not  on  the  switchboard. 

The  first  examples  of  commercial  switcb])nards 
which  fell  under  notice  of  the  writer  were  very  jjrimi- 
tive  art"airs  for  controlling  arc  lighting  circuits  and  for 
small  isolated  incandescent  lighting  systems.  'i"he  arc 
lighting  board  was  a  collection  of  arc  plug  switches 
(with  cables  attached  to  the  plugs)  mounted  on  a  skele- 
ton wooden  board.  There  were  also  some  instruments 
mounted  on  wood  liases.  One  of  the  first  incandescent 
lighting  switchlioards  was  in  charge  of  the  writer  for  a 
lime.  -\  corner  of  the  station  had  a  sjiace  on  the  wall 
about  four  feet  s(iuare  covered  with  matched  pine 
lumber,  which  comprised  the  switchboard.  The  leads 
from  an  Edison  bi-polar  125  volt  dynamo  were  carried 
overhead  to  this  switchboard,  where  the  copper  con- 
ductors were  secured  to  the  matched  boarding  and  car- 
ried to  the  instruments.  In  the  circuit  were  two  pairs  of 
front  connected  fuse  terminals,  with  lead  fuses,  one  set 
for  each  side  of  the  circuit :  a  field  rheostat  with  resist- 
ance of  helical  coils  of  German  silver;  and  an  ammeter. 


frf)m  Iniilding  up  its  voltage.  Many  a  green  operator 
Jiad  tnnible  from  this,  until  he  learned  to  disconnect  his 
in;iin  circuit  while  the  machine  was  building  up,  when 
the  cliising  of  the  circuit  and  the  blowing  of  a  fuse 
wnuid  locate  the  trouble  at  once  in  .some  branch  circuit. 

The  ammeter  on  this  switchboard  consisted  of  a 
rectangular  wooden  base  on  which  was  mounted  a  heavy 
solenoid  of  copjier  rod,  with  three  or  four  turns  con- 
nected to  brass  binding  posts.  -\n  iron  arm  with  a 
|iniiiter  attached  was  pivoted  above  the  coil  and  to  the 
lift  of  it.  ;ind  a  round  bar  of  soft  iron,  extending  from 
ibis  anil  to  the  right  in  ,in  arc  of  a  circle,  entered  the 
center  of  the  copper  heli.x.  \\  hen  no  current  was  flow- 
ing gravity  brought  the  ])endulum-like  arm  and  pointer 
to  the  zero  iii;irk  on  a  scale,  t'lirrcnt  in  the  coil  i)ulled 
the  iron  core  into  the  heli.x  ;ui(i  the  aff;iir  indicated  cur- 
rent in  a  crude  way. 

'i'he  potenti;d  of  the  system  was  maintainecl  b\-  the 
use  of  ;i  ])(ileiUial  indic;itor,  this  being  merely   a  crude 


l-IG.    7 — 1C.\R[.V    SYNCHRONOl'S    MOTOR    SWITCHnO.VRH,    189O-189J 

Showing  a  wooden  skeleton  frame  with  instniments  and 
switches  on  separate  sub-bases.  The  2200  volt  circuit  was  con- 
trolled by  plug  switches  having  long  cables  and  connections. 
.\s  in  Fig.  6,  the  knife  switches  are  so  mounted  that  gravity 
tends  to  close  them.  Many  switchboards  were  built  in  this  way. 
.\n  early  type  low  equivalent  lightning  arrester  is  seen  at  the 
top  and  the  lamps  below  it  were  for  synchronizing.  Under 
them  is  a  "vocal"  or  horn  synchronizer.  The  switches  above 
the  rheostat  are  probably  starting  switches  and  the  rheostat 
coi\trols  the  field  to  give  the  prescribed  field  current.  The  open 
link  fuses  with  high  resistance  enclosed  fuses  in  shunt  form 
the  only  overload  protection. 

voltmeter  with  ;i  single  indication  marked  upon  it.  which 
was  set  to  agree  with  the  voltage  necessary  to  operate 
the  incandescent  lamps  on  the  circuit.  .Ml  of  the 
a])]);ir;itus  was  front  connected  and  secured  to  the  face 
of  the  wood-faced  w;dl.  Xo  ])orcelain,  slate  or  marl)Ie 
insulation  was  used  on  this  boanl.  which  was  typical 
of  ;ill  the  earlv  ones. 
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The  development  of  direct-current  railways  (1886 
to  1890)  began  to  create  a  demand  for  imjiroved  direct- 
current  switchboard  apparatus,  and  by  1890  500  volt  in- 
stallations began  to  be  more  common.  The  switchboard 
in  general  was  built  on  a  wooden  backing,  much  like 
its  predecessors,  with  the  ap])aratu<  i>n   <cp:ir:ite  wood 


FIG.   8 — SWITCHBOARD    FOR   RAILWAY    POWER    STATION,    l8 

Showing  a  typical  type  "C"  railway  switchboard  witli  unit 
section  panels  anil  angle  iron  frame.  The  practice  of  mounting 
lightning  arresters  at  the  top  of  the  panels  was  prevalent  at 
this  time,  and  the  Keystone  arresters  on  this  switchboard  illus- 
trate the  method  in  vogue. 

bases,  but  each  circuit  also  had  a  knife  switch  and  some 
form  of  a  circuit  breaker  to  replace  the  fuses  previously 
used.  It  was  found  that  the  frequent  heavy  loads, 
grounds  from  lightning,  and  short-circuits  existing  in 
railway  service  made  it  imperative  that  something  lie 
supplied  to  open  the  circuit  automatically,  with  means 
for  closing  it  readily  again  without  the  delay  and  ex- 
pense involved  with  fuses.  Heretofore,  a  few  circuit 
lireakers  had  been  made  which  tripped  by  overload 
solenoids,  the  capacities  being  small.  The  first  which 
the  writer  saw  had  mercury  cups,  into  which  copper 
contacts  dipped  when  the  circuit  breaker  was  in  service, 
the  contacts  being  pulled  out  of  the  mercury  when  the 
solenoid  operated.  These  little  ati'airs  were  of  no  value 
for  heavy  currents  or  high  voltages,  and  were  mainly 
used  in  laboratories  and  with  storage  batteries.  An 
early  development  for  railway  circuit  breakers  involved 
a  design  having  jaw^s  and  auxiliary  arcing  tips,  the 
blades  being  held  in  contact  with  the  jaws  by  a  spring 
and  latch,  which  could  be  released  In'  the  action  of  an 
overload  solenoid  made  up  of  a  few  turns  of  heavy 
copper  wire.  In  order  to  lie  able  to  close  the  circuit 
breaker  properly,  and  to  ])rotect  Ijoth  apparatus  aiul 
operator  against  damage  from  short-circuits,  a  knife 
switch  was  placed  in  series  with  each  circuit  breaker  so 


thai  the  latter  could  be  closed  on  an  open  circuit,  the 
circuit  Ijeing  completed  by  closing  the  switch.  This 
])rinciple  has  continued  in  direct-current  railway  and 
power  service  ever  since.  It  was  soon  found  that  the 
500  volt  arc  became  more  vicious  as  power  plants  sup- 
])lied  more  current,  and  the  Westinghouse  Company  in 
1889  had  circuit-breakers  on  the  market  with  pencil 
carbon  arc  tips  to  replace  brass  or  copper  arc  tips,  which 
were  a  failure  due  to  the  maintaining  of  arcs  by  volatili- 
zation of  the  metal. 

One  of  the  typical  early  railway  switchboards 
was  under  the  personal  supervision  of  the  writer  for  a 
time,  and  is  characteristic  of  the  rest.  The  panel  was 
made  by  a  local  carpenter,  and  contained  ammeters  and 
voltmeters  on  wood  sub-bases,  knife-switches  on  wood 
bases,  and  circuit  breakers  with  arc  tips  on  slate 
bases.  All  of  the  ajjparatus  was  front  connected  and  se- 
cured to  the  wood  panel  by  screws.  There  was  also  a 
lightning  arrester  on  one  part  of  this  panel,  made  up  of 
two  copper  plates,  with  op]iosing  saw-teeth  points  and 
an  air-gap  between  them,  as  previously  described,  but 
there  was  a  pair  of  link  fuses,  each  with  a  small  labora- 
tory plug  and  rece[)tacle  attached,  so  connected  to  the 
grounded  end  of  the  arrester  that  either  of  the  fuses 
could  be  plugged  into  circuit.  The  theory  was  that 
when  a  lightning  discharge  had  bh.iwn  one  fuse  the 
l)rave  switchlioard  attendant  could  proceed  at  once  to 
plug  in  the  other  one  so  as  to  be  ready  for  another  dis- 
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FIG.   9 — CONSTRUCTION    DETAILS   OF    WESTINGHOUSE   TYPE      C 
SWITCHBO.VRD,    1892-1894 

The  frame  was  composed  of  light  angle  iron,  with  a  chan- 
nel iron  base  and  marble  top  trimming.  The  separate  marble 
slabs  were  i;4  '"•  thick,  and  were  held  in  position  by  bolts  and 
washers  and  special  wing  bolts.  Brass  spacing  strips  were 
used  to  cover  the  horizontal  joints,  while  each  vertical  joint 
was  covered  by  brass  half  tubing.  On  the  tj'pe  "D"  frame, 
which  was  cheaper  construction,  the  brass  trimmings  were  re- 
placed by  black  enameled  iron  spacers,  other  features  remaining 
the  same.  The  marble  slabs  in  either  type  served  as  sub-bases, 
on  which  apparatus  with  individual  bases  were  mounted.  The 
two  thicknesses  of  marble  thus  bolted  together  often  furnished 
ample  strength  for  switches  of  ciinsiderable  size,  but  the  con- 
struction was  superseded  later  when  the  apparatus  used  became 
too  heavy. 

charge,  and  then  ijuickly  replace  the  blown  fuse,  to  keep 
the  circuit  from  being  without  protection.  But  the 
writer  never  saw  an  operator  who  had  nerve  enough  to 
go  near  the  device  during  a  thunder-storm.  However, 
the  motor  armatures  on  the  cars  seemed  to  have  more 
attractions  for  the  lightning  than  the  arrester,  to  the  det- 
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hut    wood    bases    were    not    actually    superseded 
ibout  1X93-1894,  when  most  new  installations  dis- 


rinicnt  of  the  liiianccs  of  the  railroad  comi)any  and  in      Conipensatinji  voltmeters  were  often  installed  on  feeder 
s])ite  of  fused  lightning;  arresters  supplied  on  each  car,     circuits  and  each   feeder   was   fused  with  lead  fuses.* 
which   were  also   worthless.     .A   thunder-storm   always     Such  switchboards  were  put  in  service  about  1886-7. 
tied  up  the  whole  system.  The  next  stage  in  the  manufacture  of  switchboards 

One  day,  when  a  bad  storm  came  up,  a  swarthy  son     was  in  the  substitution  of  slate  and  marble  bases.    This 
of  Italy  was  scrubbing:  the  floor  in  front  of  the  switch-      improvement    began    in    commercial    a])paratus    about 

189. 
imti 

carded  wood.  The  change  w"is  brought  about  on  ac- 
count of  the  use  of  higher  voltage  for  both  alternating- 
current  and  railway  service,  as  it  was  found  that  the 
arcing  of  switches,  fuses  and  circuit  breakers  set  fire  to 
wood  bases.  The  fire  underwriters  began  to  recognize 
that  electricity  provided  a  tire  hazard,  and  the  demand 
for  fire-proof  bases  and  use  of  non-inflammable  mate- 
rial for  switchboard  construction  was  often  demanded, 
especially  in  larger  cities.  Rheostat  face  plates  for  500 
\  oil  service  were  early  made  u[)  on  marble  bases  by  the 
\\\stingbouse  Company  on  account  of  the  necessity  for 
FIG.  10— TYPE  "c"  K.\n.wAv  swiTciiuoAKi),  i8y4  nr(j,„i  insulatidn  with  contacts  close  together. 

Showing  one  of  the  last  of  the  designs  which  had  liglitning 
arresters  on  the  front  of  the  panels.  These  are  the  Wnrts 
lignum  vitae  arresters  and  are  at  the  extreme  top.  This  .switch- 
board also  shows  the  introduction  of  Weston  instruments  used 
as  totalizing  meters,  .\  portable  voltmeter  was  set  on  a  small 
bracket  in  front  of  the  generator  panels  and  provided  with 
cord  and  plug  for  plugging  onto  any  generator  circuit.  This 
was  common  practice  at  the  time. 

lioard.  A  stroke  of  lightning  came  in  over  the  line  and 
demolished  the  lightning  arrester,  making  a  loud  report 
and  much  smoke,  burning  up  most  of  the  copjier  part-; 
and  oi)fning  the  machine  circuit  breakers.  The  Italian 
jumiicd  and  ran  like  a  scared  rabbit,  leaving  his  hat,  pail 
and  brush  on  the  floor,  and  never  even  returned  to 
incjuire  after  his  pay.  The  ojierators  then  became  quite 
wary  of  the  switchboard.  The  next  night  we  installed  a 
Keystone  lightning  arrester  in  the  plant,  but  separate 
from  the  switchboard.  This  arrester  had  a  small  arc 
chamber  in  which  two  carbon  contacts,  supported  on 
swinging  arms,  nearly  met.  The  passage  of  a  lightning 
discharge  between  the  carbon  jjoints  formed  an  arc.  and 
the  hot  gases  which  were  formed  blew  the  carbon  arms 
wide  apart,  the  arc  itself  being  blown  out  on  the  \n-\n- 
ciple  now  used  for  expulsion  type  fuses.  Gravity  caused 
the  arms  to  drop,  thus  re-setting  the  device. 

The  writer  later  assisted  in  building  what  was 
thought  to  be  a  model  switchboard  in  this  ])lant.  It  was 
con.structed  on  a  wood  board  as  befure.  only  larger,  with 
front  connected  apparatus,  the  bus-bars  being  made  of 
Xo.  0000  copper  rod,  the  meters  being  the  Thomson  iron 
vane  type  on  wood  bases,  the  switches  and  circuit 
breakers  of  the  same  character  as  the  others  described. 
This  w'as  typical  of  the  best  practice  in  vogue  during 
1 890- 1 892. 

The  sw-itchboard  for  early  alternating-current  sys- 
tems was  sim])ly  a  develoj)ment  of  the  direct-current 
practice.  The  early  voltages  did  not  exceed  1000  volts, 
and  knife  blade  sw'itches  were  used.     The  meters  were 


no.    II — DOUBLE-DECK   TYPE  "c"   SWITCHBO.VRl),    l8y3 

Showing  one  of  the  early  switchboards  of  this  type.  The 
direct-current  board  is  located  at  the  right  on  the  station  floor, 
and  alternating-current  generator  jianels  are  located  at  the  left. 
On  the  gallery  is  the  alternating-current  feeder  board,  which 
is  so  arranged  that  any  of  the  twenty  feeders  may  be  con- 
nected to  any  one  of  eight  generators,  showing  a  provision  for 
future  growth,  as  there  are  only  five  generator  panels  installed. 
This  was  accomplished  by  means  of  the  "dynamo  changing 
switch,"  and  suitable  plugs  and  tlcxible  cables.  To  transfer  any 
feeder  to  a  ditTcrent  generator,  the  feeder  circuit  was  plugged 
to  tlie  dead  side  of  the  dynamo  dianging  switch  (which  was 
simply  a  double-pole,  double-throw  knife  switch),  which  was 
then  thrown  over  quickly,  causing  scarcely  a  perceptible  flicker 
of  the  li,ghts.  This  arrangement  w'as  necessitated  by  the  fact 
that  the  alternators  were  not  run  in  parallel.  The  compen- 
sating transformers  for  the  voltmeters,  and  also  the  feeder 
lightning  arresters,  were  mounted  on  the  front  of  the  panels. 

.\t  the  close  of  the  decade  from  1880-1890  the  high- 
est voltage  used  on  switchboards  for  direct-current 
power  service  was  600  volts.  The  direct-current  arc  cir- 
cuits operated  as  high  as  7000  volts.  The  alternating- 
current  switchboards,  however,  were  usually  for  11 00 
of  the  gravity  type  on  rectangular  wood  bases.  Lamps  volts,  though  some  were  operated  at  2200  volts,  but  this 
and  potential  transformers  were  used  for  synchroniz-  '^vas  considered  exceedingly  dangerous, 
ing.  and,  where  the  service  demanded  it,  Stilvvell  regu- 


,,,,,,,  *See   Fia;s.  6.   7 

l.itdr-;  and  Shallenberger  ampere-hour  meters  were  used.      pp.  .^2-34. 


8  and    II,   in   the  JoLRX.\L   for  Jan.,   '15, 
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A  further  step  in  tlic  manufacture  of  switchboards 
was  the  standardization  of  schemes  of  control  and  the 
grouping  of  apparatus  for  each  circuit,  or  pair  of  cir- 
cuits, on  single,  fire-proof  panels,  which  could  be  assem- 
bled together  as  units  to  make  up  complete  switch- 
boards. These  panels  were  of  marble  or  slate,  no  wood 
being  used,  and  the  apparatus  secured  to  the  panels  was 
often  again  mounted  on  slate  or  marble  bases.    With  the 
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FIG.    12 — FRONT   .\ND  RE.\R   VIEWS   OF   A    DIRECT-CURRENT   T-\BLET 
SWITCHBO.\RD,   1895 

This  panel  controlled  a  single  125  or  250  volt  generator  and 
one  feeder.  The  overload  protection  was  secured  through  a 
pair  of  open  link  aluminum  fuses.  The  ground  detector  lamps 
were  operated  by  the  push  button  beneath. 

new  construction  all  apparatus  was  rear  connected,  wdiich 
was  another  advance  in  the  art.  This  simplified  the  de- 
sign, improved  the  appearance  and  removed  most  of  the 
dangerous  live  parts  from  the  front  of  the  panels.  The 
W'estinghouse  Company  built  several  switchboards  of 
this  type  (known  as  type  C)  in  1892-3,  and  it  was  the 
first  effort  at  standardization.  The  frame  was  made  of 
light  angle  iron,  and  the  panels  were  made  up  of  unit 
sections  of  marble,  each  with  its  complement  of  ap- 
paratus, all  sections  being  secured  to  the  frame  by  spe- 
cial wing  nuts  and  the  joints  finished  by  mouldings  of 
brass  or  enameled  iron.  The  bus-bars  were  of  solid  bar 
copper. 

jMuch  attention  began  to  be  paid  to  the  safety  of  the 
switchboard  attendants,  and  from  this  time  on  switch- 
board designs  were  made  with  a  view  of  having  no 
dangerous  live  parts  where  an  attendant  could  acci- 
dentally come  in  contact  with  them.  It  is  true  that 
ordinary  knife  switches  with  hard  rubber  cross  bars 
were  originally  used  for  voltages  as  high  as  iioo  volts, 
but  none  but  authorized  persons  were  allowed  to  ma- 
nipulate them.  The  switchboard  was  then  deemed  a 
source  of  danger,  and  often  labeled  with  signs  to  that 
effect.  Such  switches  were  only  used  for  want  of  safer 
ones. 

The  connections  on  the  rear  of  all  type  "C"  switch- 
boards were  invariably  of  insulated  wire,  the  largest 
size  being  No.  0000  B.  &  S.  gage.  When  heavy  capaci- 
ties were  required  sufficient  of  the  conductors  were  con- 
nected in  parallel  to  carry  the  current,  and  brass  lugs 

/ 


and  littings  were  supplied  to  fit  bus-bars  or  apparatus 
studs  and  accommodate  any  number  of  0000  wires  from 
one  to  ten  or  twelve. 

It  was  soon  found  that  the  type  "C"  switchboard, 
while  adequate  for  alternating-current  service,  was  too 
light  in  construction  for  switches  and  circuit  breakers 
when  the  capacities  were  heavy,  and  the  1%  in.  panels 
would  break  under  severe  strain.  Orders  were  received 
for  some  heavy  capacity  switching  panels,  and  it  was 
found  that  a  heavier  frame  and  thicker  panels  would  be 
re(|uired.  In  fact,  one  switchboard  for  electrolytic  ser- 
vice was  Iniilt  with  a  heavy  frame  of  6  in.  channel  iron 
in  order  to  su]3])ort  the  great  weight  of  copper  connec- 
tions and  switching  devices. 

A  still  further  stage  in  the  development  of  the 
switchboard  was  the  discarding  of  e.xtra  bases  and  small 
panel  sections  and  the  ailoption  of  heavy  marble  panels, 
usually  two  inches  thick,  with  all  apparatus  mounted 
directly  on  the  panels.  The  Westinghouse  Company 
began  to  manufacture  switchboards  of  this  type  about 
1895,  ''>"cl  this  design  has  been  retained,  with  some  modi- 
fications, until  the  present  time.  Two  section  panels 
were  also  introduced,  the  upper  section  being  65  inches 
high,  the  lower  25  inches  high,  the  latter  size  being 
adopted  because  it  was  the  size  standardized  for  rheostat 
face  plates.  Another  manufacturer,  on  the  contrary, 
used  an  upper  62  inch  slab  with  a  lower  28  inch  slab. 
These  sizes  have  been  retained  for  many  types  ever 
since,  and  the  height  of  90  inches  for  panels  in  general 
has  been  settled  upon  by  many  manufacturers.  Seven 
feet  is  about  as  high  as  the  ordinary  man  can  conveni- 
ently reach  in  operating  switches  and  apparatus,  and  90 
inches  makes  a  good  height  for  supporting  such  ap- 
[laratus  and  getting  meters 


111  jjositions  to  be  seen 
ea.sily.  This  change  in  de- 
sign was  accompanied  by 
new  designs  of  meters,  in 
round  cases. 

The  various  Edison 
companies  in  the  extension 
of  their  three-wire  svstem 
ilevelojied  many  novel 
forms  of  switchboard 
equipments  for  incandes- 
cent lighting  and  for  con- 
trol of  storage  batteries. 
These  involved  mainly 
h  e  a  V  y  capacity  switches 
and  accessories  to  suit  con- 
ditions in  1  a  r  g  e  cities, 
wdiere  the  floor  space  available  was  very  valuable.  The 
\  an  Meek  system,  installed  in  some  of  the  New  York 
City  distributing  stations,  was  a  notable  e.xample.  By 
the  use  of  vertical  edgewise  meters,  peculiar  knife 
switches  and  special  connections,  a  complete  feeder 
quipment  of  considerable  capacity  was  installed  in  a 
vertical  section  a  few  inches  wide. 

[To  be  continued] 


FIG.    13 — KRC   PANEL,    1895 

This  is  a  typical  self-con- 
tained panel  for  control  of  one 
direct-current  arc  machine. 


Recent  Developments  in  Electrical  Equipment 

for  Automobiles 


C.  E.  Wilson 

Industrial   Engineering  Department 

Wi^linyliousc  Electric  &  Mfg.  Company 


PRAC  rU'ALLY  all  new  automobiles  selling  above 
live  hundred  dollars  are  now  provided  with  com- 
plete electrical  equipment,  and  many  of  the 
cheaper  cars  are  electrically  e([uipi)C(l  by  dealers  or 
owners  as  soon  as  they  are  received.  A  number  of  dif- 
ferent starting,',  lisjhting  and  ignition  systems  are  still  in 

use,  bill  there  is  a  tendency 
1)11  the  i)art  of  the  manufac- 
uircrs  of  electrical  e((uip- 
ment  to  standardize  on  bat- 
tcr\-  ignition  combined 
with  a  generator  operating 
al    ensjine   speed   or  at  one 


mu 


one-half   times   engine 


speed  and  a  starting  motor 
driving  the  engine  throvigh 
a  gear  on  the  flywheel. 
There  has  also  been  a  gen- 
eral development  in  motor- 
irenerators   operating    from 

FIC.    I — WESTINGHOUSE   IGNITION  .  '  . 

UNIT    FOR    MOUNTING   DIRECTLY   two  to  thrcc   tuiu's   euguie 
ON  A  FOUR  CYLINDER  ENGINE      ^p^.^^.,|  f,„-  small  engiucs. 

.Among  the  noticeable  features  of  the  newer  outfits 
is  a  consistent  attempt  to  simplify  the  electrical  equip- 
ment of  the  automobile,  reduce  its  weight  and  increase 
the  efficiency  and  reliability  of  the  equipment  as  a  whole. 
These  features  are  exemplified  in  the  new  line  of  \\  est- 
inghouse  lighting  and  ignition  generators  and  starting 
motors,  a  complete  outfit  of  which  consists  of  five  tmits  ; 
an  ignition  device,  a  generator,  a  regulator  for  the  gen- 
erator, a  starting  motor  and  a  battery.  Two  or  more  of 
these  are  sometimes  mounted  together  to  form  one  unit. 
and  for  the  smaller  cars  the  generator  and  starting 
motor  are  combined  in  one  tmit. 

The  ignition  device  shown  in  Figs,  i  and  2  is  de- 
signed so  that  it  may  be  mounted  directly  on  the  gener- 
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^^ 


Kli..    J— DET.Vn.S    OF    IGNITtOX    UNIT 

ator  bracket  and  geared  to  the  generator  .shaft,  as  shown 
in  Fig.  3,  or  it  may  be  mounted  directly  on  the  engine 
and  driven  from  a  shaft  jirovided  for  that  juirpose. 
There  is  a  decided  advantage,  however,  in  mounting  the 


ignition  unit  directly  on  the  generator,  as  it  is  then  nec- 
essary for  the  engine  builder  to  furnish  one  drive  only, 
instead  of  two,  to  take  care  of  Imth  functions  of  lighting 
and  ignition.  This  unit  is  built  for  four,  si.x  and  eight 
cylinder  engines  and,  in  all  cases,  nuis  at  one-half  engine 
speed.  By  combining  into  one  unit  the  ignition  coil,  dis- 
tributor, condenser  and  interrn])ter,  a  light  compact  ar- 
rangement has  been  obtained,  with  greatly  simplified 
wiring,  as  only  one  lead  is  required  in  the  low-tension 
circuit  from  the  ignition  switch  to  the  ignition  unit.  The 
four,  six  and  eight  cylinder  units  are  similar  except  for 
the  distributor,  which,  of  course,  must  have  a  high- 
tension  lead  for  each  cylinder,  and  the  cam  of  the  inter- 
rupter, which  nni'^t  liave  a  suitable  number  of  notches 


^ 


FIG.    3 — WKSTIXCIKUSE    I.K'.HTI.XG    GEXER.XTOR 

Witli  virtical  ignition  unit  tor  six  cylinder  engine  mounted  on 
generator  sliat't. 

SO  that  a  spark  will  be  obtained  for  each  cylinder  for 
each  revolution  of  the  ignition  shaft.  The  interrupter 
and  the  ignition  coil  are  so  designed  that  a  good  hot 
spark  is  obtained  up  to  3000  r.p.m.  of  the  engine. 

riie  new  generator,  shown  in  bigs.  3  and  4.  is  built 
up  of  stam])ings  and  punchings  throughout  in  place  of 
castings;  its  efticienc\'  ;md  general  performance  are 
high,  due  to  the  use  of  lamin.ited  fields  as  well  as  arma- 
ture core,  short  flux  ])aths  and  materials  of  highest 
permeability.  It  is  built  to  run  at  engine  speed  or  one 
and  one-h;df  times  engine  speed.  Shunt  field  windings 
only  are  used,  and  the  desired  constant  potential  char- 
acteristics at  varying  speeds  are  obtained  by  means  of  a 
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potential  regulator.  This  regulator,  shown  in  Fig.  6, 
includes  the  functions  of  a  cut  out,  as  well  as  a  voltage 
regulator.  \Mien  the  generator  is  operated  at  a  speed 
where  its  voltage  with  full  shunt  held  is  less  than  the 
battery  voltage  the  cut  out  contacts  are  open  ;  when  the 
generator  voltages  reaches  the  cut   in   value  the   regu- 
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FH"..    4 — UETAII.S   OF    I.IGHTINX   GENERATOR 

lator  shunt  coil  closes  the  cut  out  contacts,  connecting 
the  generator  to  the  battery.  A  series  coil  on  the  same 
core  assists  the  shunt  coil  in  holding  the  contacts  closed 
so  that  the  contacts  will  not  disconnect  the  generator 
from  the  battery  circuit  except  at  a  speed  somewhat 
slower  than  the  cut  in  speed,  thus  preventing  the  cut  out 
from  chattering  when  the  car  is  being  run  at  speeds 
close  to  the  cut  in  speed.  This  series  coil  also  acts  dif- 
ferentially to  disconnect  the  generator  from  the  battery 
quickly  in  case  of  reverse  current. 

As  the  generator  voltage  becomes  materially  greater 
than  the  battery  voltage,  due  to  increased  speed  of  the 
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FIGS.   5   .-\ND  6 — CAR   WIRING  DIAGR.AM    AND  DIAGR.VM    OF  AUTOMATIC 
REGULATOR 

The  ballast  resistance,  by  raising  the  ratio  of  resistance  to 
inductance  in  the  induction  coil  circuit,  produces  maximum  cur- 
rent for  the  brief  instant  of  contact,  producing  a  very  liot 
spark.* 

engine,  the  shunt  coil  of  the  regulator  causes  the  regu- 
lating contacts  to  open,  opening  the  direct  shunt  held 
circuit  and  cutting  in  the  regulator  resistor.  This  causes 
a  momentary  drop  in  voltage,  so  that  the  contacts  close- 
again.  This  opening  and  closing  of  the  contacts  is  con- 
tinuous and  very  rapid.  By  varying  the  proportionate 
length  of  time  during  w-hich  the  regulating  contacts  are 
open  and  closed  the  efifective  shunt  field  current  may  be 
maintained  at  almost  any  desired  value,  thus  providing 
approximately  constant  voltage  over  widely  varying 
generator  speeds.  This  action  of  the  regulator  is  show'ii 
by  the  oscillograms  in  Fig.  7,  in  the  upper  of  which  the 


regulator  is  seen  to  be  Ijarely  working,  the  generator 
speed,  600  r.iJ.ni.,  being  only  slightly  above  the  cut  in 
Sliced.  The  voltage  is  7.2.  the  current  output  5  amperes 
and  the  effective  field  current  0.70.  In  the  second  oscil- 
logram the  vibrator  is  seen  to  be  working  rapidlv,  the 
generator  speetl  Ijeing  1000  r.ij.m.,  the  voltage  7.4,  the 
current  output  5  amperes  and  the  effective  field  current 
0.21  amperes.  In  the  lower  oscillogram  it  is  evident  that 
the  regulator  contacts  are  open  most  of  the  time,  thus 
cutting  down  the  eft'ective  field  current  to  0.05  amperes, 
at  a  generator  sjieed  of  1600  r.p.m.,  a  voltage  of  7.6  and 
a  current  outjiut  of  5.1  amperes.  The  regulation  charac- 
teristics of  a  generator  equipped  with  this  regulator  at 
a  con.stant  speed  of   1200  r.p.m.  are  shown  in   Fio-.  8. 


I'IG.    7 — OSCILLOGRAMS    SH(HVl.\(.    THE    AlTIU.X    Ol     THE    REGULATING 
CONTACTS    OF    THE    AUTOMATIC    REGULATOR 

The  voltage  scale  should  be  divided  by  ten. 
This  regulator  is  designed  to  be  rugged  and  substantial 
and  to  regulate  the  output  of  the  generator  so  that  when 
the  battery  voltage  is  low  the  generator  charges  the  bat- 
tery at  a  high  rate,  and  when  the  battery  voltage  is  high 
and  the  battery  is  full  the  generator  charges  the  battery 
at  a  much  low^er  rate.  The  characteristics  of  the  outfit 
in  this  respect  are  shown  in  Fig.  9,  in  which  the  full 
lines  show  the  characteristics  when  charging  a  full  bat- 
tery and  an  empty  battery  at  varying  speeds,  while  the 
dotted  line  shows  the  tapering  charge  which  is  given  in 
charging  a  battery  completely  at  a  constant  speed  of 
approximately  1000  r.  p.  m.  In  this  way  the  regulator 
takes  care  of  the  various  conditions  under  which  auto- 
mobiles are  operated  and  is  more  likely  to  keep  the  bat- 
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*See  article  on  "Electrical  Equipment  for  Automobiles"  in 
the  Journal  for  December,  1913,  p.  1259. 


FIG.    8— REGULATION    CHARACTERISTIC    OF   AUTOMOBILE   GENERATOR 
AND   REGULATOR 

tery  in  good  condition  in  all  cases  than  a  generator  with 
con.stant  current  regulation.  Within  practical  limits  the 
voltage  at  the  battery  or  lamps  is  nearly  constant,  re- 
gardless of  the  speed  or  amount  of  load.     The  amount 
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of  current  flowing  into  the  battery  depends  on  the  con- 
dition of  the  battery,  a  heavy  charging  current  being 
supplied  to  a  discharged  battery  which  tapers  ofif  as  the 
battery  becomes  charged.  Another  important  feature  is 
the  holding  of  the  voltage  within  safe  limits  should  the 
battery  become  accidentally  disconnected  from  the  cir- 
cuit during  operation,  thus  preventing  the  burning  out 
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I'lO.    9 — BATTERY    CHARGING    CHARACTERISTICS    OF    GENERATOR    AND 

RECI'IATOR    UNflER   VARYING   CONDITIONS    OF    LOAD   AND 

DATTKRY    CHARGING 

of  the  lamps — the  probable  result  of  such  occurrences 
with  the  constant  current  type  of  generator.  On  the 
other  hand,  the  generator  with  voltage  regulator  is  a 
refinement  to  give  theoretically  correct  performance, 
and  is  necessarily  not  so  rugged  as  the  generator  with 
inherent  regulation.  While  the  generators  with  bucking 
series  regulation  do  not  give  a  theoretically  perfect 
performance,  yet  in  actual  service  they  have  given  sat- 
isfactory operation  and  the  average  output  has  been  suf- 
ficient to  keep  the  batteries  charged. 

The  new  starting  motors  also  have  round  frames  and 
are  designed  for  single  reduction  to  the  flywheel  gear. 


greater,  and  in  many  cases  would  be  somewhat  less  than 
that  of  the  double  reduction  motor.  The  motor  pinion 
is  automatically  meshed  with  the  flywheel  gear  by  one 
of  the  schemes  shown  in  Figs,  lo,  ii  or  12.  \\'ith  the 
motor  shown  in  Fig.  10  the  meshing  is  caused  by  a  spiral 
.screw  shift,  the  illustration  showing  the  pinion  in  the 


FIGS.     10,     II,     12 — WESTINCHOUSE    STARTING    MOTORS    WITH    THREE 
DIFFERENT   TYPES    OF    PINION    MESHING 

It  was  found  by  experience  that  the  maximum  efficiency 
and  best  operating  conditions  could  be  obtained  by  a  sin- 
gle reduction  motor,  and  that  if  the  weight  of  the  back 
reduction  gears,  housings,  etc.,  were  taken  into  account 
the  total  weight  of  the  starting  outfit  would  not  be  any 
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FIG.    I.i — STARTING    MOTOR   CIIAR.\CTERISTICS 

out  of  mesh  position.  When  the  motor  starts  up  the 
inertia  of  the  pinion  causes  it  to  be  draw'n  into  mesh 
with  the  flywheel  by  the  spiral  thread  shown  on  the 
shaft,  and  the  drag  of  the  engine  keeps  the  pinion  in 
mesh.  When  the  engine  speeds  up  sufficiently  to  exceed 
the  speed  of  the  motor,  the  same  spiral  thread  causes  the 
pinion  to  be  thrown  out  of  mesh  with  the  flywheel.  To 
provide  for  easier  meshing  and  to  ])revent  sudden 
shocks  to  the  motor,  the  pinion  is  connected  to  the  motor 
shaft  through  a  spring  drive,  as  shown.  The  scheme 
shown  in  I'ig.  1 1  is  essentially  similar,  except  that  the 
relative  positions  of  the  pinions  and  the  spring  drive 
have  been  interchanged  in  order  to  allow  more  readv 


FIG.    14 — WESTIXGhOUSE    COMIU      in    I  I.   IITING   AND   IGNITION 
GENER.XTOR   AND  STARTING    MOTOR   FOR   SMAI.I,  CARS 

application  to  an  enclosed  flywheel.  The  motor  shown 
in  Fig.  12  is  provided  with  a  magnetic  meshing  device, 
the  magnet  being  .shown  at  the  right  end  of  the  motor. 
When  the  magnet  coil  circuit  is  closed  the  pinion  is 
pulled  into  mesh,  the  meshing  being  made  easier  by  the 
slight  bevel  wbicli  is  given  to  the  teeth.    When  the  coil 
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circuit  is  interrupted,  the  pinion  is  driven  out  of  mesh 
by  a  spring,  which  is  strong  enough  to  overcome  the 
friction,  and  also  to  prevent  the  gear  from  dropping 
into  mesh  when  the  car  is  going  down  hill.  This  mag- 
net coil  is  in  series  with  the  motor  windings,  so  that  as 
the  motor  speeds  up  the  pull  of  the  magnet  is  reduced, 
and  as  the  engine  speed  exceeds  that  of  the  motor,  the 
spring  overpowers  the  magnet  and,  together  with  the 


FIG.    15 — DET.MLS  OF   COMBINED  GENERATOR  AND    MOTOR 

spiral  on  the  flywheel  gear,  automatically  throws  the 
pinion  out  of  mesh  even  though  the  starting  switch  is 
kept  closed.  These  motors  are  designed  with  a  compar- 
atively high  torque  per  ampere,  as  shown  in  Fig.  13,  and 
ample  starting  torque  is  obtained  at  the  engine  shaft 
with  a  low  gear  ratio.  On  account  of  their  high 
efficiency  and  the  reduced  gear  losses  of  the  single  re- 
duction, a  good  cranking  speed  is  also  obtained  without 
drawing  an  excessive  current  from  the  battery. 

For  the  smaller  sizes  of  engines  it  has  seemed  desir- 
able to  use  a  single  motor  generator  unit  in  place  of  a 
separate  starting  motor  and  lighting  generator.  This 
unit  is  preferably  driven  by  a  chain  from  the  engine 
shaft.      A    motor-generator    designed    for    small    four- 


FIG.    16 — COMBINED   UNIT    MOUNTED  ON   FORD   ENGINE 

cylinder  engines  under  four  inches  diameter  l)v  five- 
inch  stroke  is  shown  in  Figs.  14  and  13,  and  such  a 
machine  mounted  on  a  Ford  engine  in  Fig.  16.  Its  per- 
formance as  a  motor  is  given  in  Fig.  17  and  as  a  gen- 
erator in  Fig.  18.  This  machine  is  wired  in  circuit  to  a 
combination  cut  out  and  starting  switch.  In  starting, 
the  operator  closes  a  pedal  switch  in  the  usual  way,  but 
after  starting,  when  the  ojierator  removes  his  foot  from 
the  starting  pedal,  the  circuit  is  opened.     As  the  engine 


speeds  up  the  cut  out  switch  operates  and  the  motor- 
generator  is  again  connected  in  circuit  with  the  battery 
and  begins  to  charge  it.  In  making  this  application  a 
number  of  mechanical  difficulties  have  been  overcome, 
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III..    17 — CHARACTERISTICS    OF    UNIT    OPERATING    AS    .\    MOTOR 

and  the  complete  outfit  can  be  mounted  on  any  "Model 
T"  Ford  engine  and  will  operate  satisfactorily. 

The  next  few  years  will  probably  see  a  general  adop- 
tion by  all  makes  of  cars  of  the  battery  ignition  system 
and  a  further  standardization  of  the  methods  of  apply- 
ing the  electrical  units  to  the  automobile  engines.    Com- 
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FIG.   18 — CHARACTERISTICS  OF  UNIT  OPERATING  AS  A  GENERATOR 

panics  building  engines  for  sale  to  automobile  companies 
assembling  cars  will  design  their  engines  in  a  more 
uniform  manner  in  regard  to  the  mounting  of  the  elec- 
trical apparatus  so  that  the  manufacturers  of  electrical 
equipment  will  not  be  forced  to  design  a  special  outfit 
for  each  type  of  engine. 


Protection  of  Electrical  Apparatus  from 
Lightning  and   High -Voltage  Disturbances 

Q.  A.  Brackett 

Engineering  Dept. 

WfStinghouse   Electric  &   Mfg.  Company 

THE  PROBLEM  of  protecting  electrical  apparatus  from  lightning  and  other  abnormal  voltages, 
always  serious,  has  become  of  still  greater  importance  in  recent  years,  due  to  the  great  increase  in 
the  size  of  power  stations  and  the  length  and  complexity  of  the  transmission  and  distribution  systems. 
Its  importance  is  indicated  by  the  fact  that  probably  not  less  than  $2000000  per  year  is  spent  for 
lightning  protective  apparatus  in  this  country. 
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lll()l).S  of  liohliiins,^  protection  have  hv  no 
means  l)een  redticed  to  an  exact  science.  The 
ii;itiirc  of  atmospheric  and  line  disturbances 
are  known  in  m-neral,  Imt  lhe\-  occur  in  so  many  differ- 
ent forms  and  combinations,  and  may  be  so  modified  by 
local  conditions  and  the  characteristics  of  transmission 
lines,  that  no  e.xact  predictions  can  be  made  as  to  what 
may  ha])pen. 

KINDS  OF  niSTURHAXCES   AXD  THEIR   EFFECTS 

Dislurliance-  may  take  the  form  of  hii;h  voltage, 
high  current  or  liigh  freijuency,  or  any  combination  of 
the  three.  {'radically  all  lightning  arresters  are  de- 
signed to  protect  from  high  voltage  disturbances  onl\-. 
Usually  tliey  protect  in  an  indirect  manner  from  high 
current  surges  rdso,  due  to  the  fact  that  such  surges  are 
transformed  into  high  voltages  when  tliey  strike  induct- 
ances such  as  choke  coils.  There  is,  however,  the  large 
class  of  disturbances  that  are  of  very  high  frequency, 
but  of  low  voltage  to  ground.  These  result  from  those 
atmos])heric  lightning  discharges  that  are  so  distant  or 
so  ])ositioned  with  respect  to  the  transmission  line  that 
thev  induce  comparatively  low  voltage  surges  in  the 
line.  Only  a  small  ])crcentage  of  the  lightning  surges 
induced  in  transmission  lines  are  of  sufficient  voltage  to 
ground  to  discharge  over  any  spark-gap  type  arrester. 
Those  lines  nearest  the  lightning  stroke  will  receive  a 
very  severe  surge  and  the  arresters  will  ])fobably  act. 
Those  lines  farther  away  will  receive  a  i)roportionately 
W'eaker  surge  and,  on  many  lines,  the  voltage  wmII  I)e  too 
low^  to  go  over  the  arresters.  In  .ill  cases,  how'ever,  the 
fre(|uency  will  be  the  same  and  usually  very  high.  This 
means  that  it  will  still  be  able  to  build  up  high  voltages 
between  the  end  turns  of  the  first  inductive  W'inding  it 
meets,  and,  imless  tlie  insulation  is  able  to  stand  it,  a 
minute  |)imcture  may  result.  The  energy  of  such  a 
surge  is  small  and  the  damage  it  can  do  of  itself  limited 
to  ])ossibly  .1  small  ])in  hole  through  the  insulation  and 
the  bridging  of  this  gap  between  conductors  by  a  con- 
ducting spark  just  long  enough  to  allow  the  power  cur- 
rent to  follow.  In  the  case  of  a  transformer  this  will 
mean  a  short-circuited  turn  or  coil  with  resultant  heavy 
flow  of  power  current,  severe  burning  and  overheating 
and  a  transformer  to  repair  with,  perhaps,  interruption 
of  service. 


This  is  often  the  explanation  of  mysterious  trans- 
fornur  burnouts  even  where  arresters  are  installed,  and 
at  times  when  there  seems  to  be  no  specially  severe 
lightning  in  the  vicinity.  It  is  one  reason  why  no  one 
can  guarantee  lightning  arresters  to  give  complete  pro- 
tection again.st  lightning.  There  is  no  arrester  now 
available  for  high  tension  alternating-current  work  that 
will  take  care  of  these  high  frequency,  comparatively 
low  voltage  surges.  For  direct-current  work,  particu- 
larly high  voltage  railways,  condensers  are  now-  being 
used  very  successfully,  but  for  high  voltage  alternating- 
current  work  this  recourse  is  not  available.  This,  there- 
fore, is  a  strong  argument  for  high  grade  transformer 
insul.ition,  particularly  on  the  end  turns  and  for  the  use 
of  tiioke  coils  of  real  inductive  value. 

.Ximormal  potentials  may  occur  in  circuits  from 
cither  of  two  general  causes.  Disturbances  of  the  first 
class  are  due  to  atmospheric  lightning,  are  usually  of 
very  high  frequency,  and,  as  previously  described,  may 
be  of  any  degree  of  intensity,  according  to  the  distance 
of  the  atmos])heric  discharge  from  the  circuit  in  ques- 
tion. Disturbances  of  the  second  class  are  due  to  con- 
ditions internal  to  the  circuit,  such  as  short-circuits, 
arcing  grounds,  sudden  operation  of  switches  and  cir- 
cuit breakers,  and  the  occurrence  of  resonance.  Inter- 
nal surges  are  usually  of  comparatively  low  frequency, 
but,  as  they  have  the  entire  power  of  the  station  behind 
them,  may  be  very  destructive.  Frequently  they  are  a 
direct  secjuel  to  a  surge  caused  by  atmospheric  light- 
ning, and  are  the  result  of  a  breakdown  of  insulation 
cruised  by  the  latter.  A  serious  feature  about  them  is 
that  in  many  cases  they  are  not  over  in  a  moment,  like 
surges  due  to  atmospheric  lightning,  but  continue  until 
relie\e(l  or  something  gives  away, 

I'ROTECTIOX    OF    LINES 

W  liile  these  disturbances,  particularly  those  due  to 
atmospheric  lightning,  afl'ect  the  line  as  well  as  the  sta- 
tion api)aratus,  nevertheless  practically  all  lightning 
protective  apparatus  is  designed  for  the  protection  of 
the  latter  only.  It  is  possible,  however,  and  not  tinusual 
to  i)rovide  certain  kinds  of  protection  for  the  transmis- 
sion lines,  although  this  is  rather  with  a  view  to  pre- 
venting disturbances  from  reaching  the  station  ap])a- 
r.attis  l)\-  keeping  it  out  of  the  line  in  the  lirst  i)lace  than 
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with  a  view  to  protecting  the  line  itself.  Line  protec- 
tion usually  takes  the  form  of  an  additional  wire  carried 
upon  the  tO]3S  of  poles  ahove  all  the  regular  transmission 
wires  and  grounded  at  frequent  intervals,  preferably  at 
every  pole.  This  is  on  the  ])rinciple  that  if  the  trans- 
mission lines  were  entirely  underground  they  would  be 
entirely  free  from  atmospheric  disturbances.  Inasmuch 
as  this  is  too  expensive  in  most  cases,  and  entirely  im- 
practicable in  the  case  of  the  higher  voltage  lines,  a 
comi)romise  is  resorted  to  bv  placing  the  ground  above 
the  line,  at  least  to  a  certain  extent.  While  usually  only 
one  overhead  groimd  wire  is  used  for  each  pole  line  it 
is,  of  coiu'se,  true  that  additional  ground  wires  at  either 
side  of  the  transmission  line,  or  in  any  other  arrange- 
ment that  will  tend  to  shield  the  line  from  disturljances 
coming  from  above  or  either  side,  will  give  still  further 
protection.  Kxperience  of  a  number  of  years  has  pretty 
conclusivelv  demonstrated  that  overhead  ground  wires 
very  consideralily  reduce  the  severity  of  surges  induced 
in  transmission  lines  by  atmospheric  lightning.  This 
not  only  protects  the  line  insulators,  but  reduces  the 
severity  of  the  surges  reaching  the  station  arresters. 

A  Simple  Horn  Gap  from  each  line  to  ground  with 
or  without  a  series  resistance  is  another  form  of  line 
protection  ^vhich  is  sometimes  used.  These  are  usually 
installed  to  take  care  of  severe  disturbances,  such  as 
direct  strokes  to  the  line  or  neighboring  objects,  which 
strokes  usually  cause  stu-ges  of  such  extremelv  high 
voltage  and  frequency  that  they  do  not  travel  as  far  as 
the  station  arresters,  but  flash  over  the  line  insulator 
not  far  from  where  the  stroke  occurs.  To  be  effective, 
therefore,  these  arresters  nuist  be  installed  quite  near 
the  point  where  the  trouble  occurs.  It  would,  therefore, 
be  impracticable  to  protect  a  whole  transmission  svstem 
in  this  way.  and  it  is  usually  advLsahle  to  in.stall  such 
arresters  at  conspicuous  danger  points,  such  as  where  a 
transmission  line  crosses  a  range  of  hills.  It  is  true 
that  horn  gajis  of  this  type  are  sometimes  installed  also 
for  the  protection  of  outdoor  transformer  substations, 
but,  for  the  lower  voltages  at  least,  there  are  other  types 
of  arresters  available  which  are  better  for  the  service. 
When  installed  simply  for  line  protection,  and  ])articn- 
larly  when  installed  without  series  resistance,  it  is  cus- 
tomary to  use  a  horn  gap  setting  great  enough  that  the 
discharge  voltage  wnll  be  appreciably  higher  than  that 
of  the  station  arresters  and  the  horn  gaps  will  take  onlv 
discharges  of  unusually  great  severity. 

STATION    I'ROTECTIOX 

The  protection  of  the  station  apparatus  takes  two 
general  forms : — First,  the  choking  back  of  the  surge 
from  the  station  by  the  use  of  choke  coils :  and  second, 
the  dissipation  of  the  surge  through  a  lightning  arrester 
of  one  form  or  another.  Tn  the  early  days  of  electrical 
transmission  in  this  couiUry  it  was  customary  to  use 
comparatively  large  choke  coils,  due  to  the  fact  that  the 
science  of  transformer  insulation  had  not  progressed  as 
far  as  it  has  today.  In  recent  years  the  improvement  in 
transformer  design,  and   particularlv   the  extra   insula- 


tion  of  the  end  turns  that  is  now-  customary  on  almost 
all  high  voltage  or  large  transformers,  has  resulted  in 
much  less  need  for  choke  coils  than  previously  existed. 
While  it  is  still  customary  to  use  choke  coils,  those  now 
used  are  of  such  low  inductance  that  there  is  consid- 
erable doulit  as  to  whether  they  contribute  materially 
to  the  lightning  protection.  In  the  case  of  very  high 
frequency  surges  they  probably  are  of  benefit,  and  this 
is  particularl)'  true  in  cases  w'here  generators  are  con- 
nected directly  to  the  line  wnthout  the  interposition  of 
transformers.  Generator  or  motor  windings  are  inher- 
ently more  difficult  to  insulate  than  transformer  wind- 
ings, and  choke  coils  should  always  be  used  in  connec- 
tion with  them,  preferably  larger  choke  coils  than  those 
usually  used  with  transformers. 

The  beneficial  action  of  a  choke  coil  depends  upon 
the  fact  that  siu\ges  due  to  atmospheric  lightning  are 
usually  cif  very  high  frequency,  and  such  a  surge, 
whether  or  not  it  is  of  high  voltage  to  ground,  will  in 
any  case  tend  to  Iniild  up  a  high  voltage  between  turns 
of  the  first  inductive  winding  which  it  strikes.  This 
means  that  if  a  choke  coil  is  not  present  such  a  sin"ge 
will  build  up  a  voltage  between  the  end  turns  of  the 
transformer  that  will  be  much  higher  than  normal,  and 
may  result  in  a  pimcture  of  the  insulation  with  a  result- 
ing short-circuit  of  the  transformer.  If,  however,  an 
adei|uate  choke  coil  is  present  this  high  voltage  will  be 
built  up  across  the  first  turns  of  the  choke  coil,  which 
are  especially  well  insulated  to  withstand  high  voltages. 
In  many  cases  this  insulation  is  mostly  air,  as  in  the  case 
of  the  air-insulated  almninum  choke  coils  so  widely 
used,  and  is  accordingly  self-healing  in  case  it  does 
Ijreak  down.  Even  if  the  voltage  Iniilt  up  jumps  across 
some  of  the  turns  of  the  choke  coil  no  permanent  injury 
is  caused,  and  no  short-circuit  of  the  power  ciUTCnt  re- 
sults, as  would  be  the  case  if  the  insulation  between  the 
end  turns  of  the  transformer  was  similarly  broken  down. 
Then,  too,  if  the  choke  coil  is  seriously  injured,  it  is 
much  cheaper  anfl  easier  to  replace  than  a  transformer. 

Another  effect  of  the  choke  coil  is  that  in  reflecting 
the  surge  back  on  the  line  it  raises  the  voltage  of  the 
surge  even  higher  than  it  was  originally,  and  thus  makes 
certain  the  discharge  of  the  arrester,  which  is  always 
connected  on  the  line  side  of  the  choke  coil,  even  though 
the  discharge  voltage  of  the  arrester  is  considerably 
higher  than  the  normal  voltage  of  the  line. 

The  princi])al  type  of  choke  coil  used  in  this  country 
consists  of  a  helix  nf  ahnnininn  \vire  of  13  or  20  turns 
and  air  insulated.  In  one  form  this  coil  takes  the  w^ell- 
known  hour-glass  shape  in  order  that  the  weight  of  the 
center  of  the  coil  may  be  low  enough  so  that  the  coil  will 
not  sag  in  the  center  when  sujiported  at  two  ends  with- 
out braces.  This  tends  towards  simplicity,  but  results 
in  \ery  low  inductance  and  consequent  low  protecting 
power,  due  to  the  reduced  average  diameter,  and  in 
mechanical  weakness  against  distortion  under  severe 
overload  conditions.  Short-circuits  on  the  line  on  large 
systems  draw  the  turns  tightly  together  in  the  center, 
thus  stretching  the  outer  turns  wiclely  a|)art,  providing 
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the  end  supports  do  not  give  way.  In  another  form 
commonly  used  this  type  of  coil  takes  the  form  of  a 
cylindrical  helix  of  uniform  diameter,  the  coil  being 
braced  and  the  turns  positively  separated  by  three  or 
four  sets  of  grooved  wooden  clamps.  While  this  coil 
has  five  to  ten  times  the  choking  power  of  the  standard 
hour-glass  design,  it  has,  nevertheless,  ample  inechanical 
strength  to  withstand  short-circuit  stresses. 

Another  choke  coil  still  considerably  used  and  for- 
merly very  common  is  the  flat  or  pancake  type,  wound 
in  either  circular  or  elliptical  form  with  one  or  a  few 
turns  per  layer  and  many  layers,  in  contrast  to  the 
helical  coils  previously  described  that  have  only  one 
layer  but  many  turns.  This  type  of  coil  is  capable  of 
being  wound  to  a  considerably  higher  inductance  than 
the  helical  type  within  rcasonal)le  dimensions,  and  so  is 


no.  I — CHOKE  con.  ior  ixuoor  anu  outdoor  service 
Maximum  current  capacity,  200  amperes ;  maximum  poten- 
tial, 27  5(K)  volts.     This  choke  coil  is  equipped  with  metal  base 
and  reversible  insulators  for  cither  upright  or  ceiling  mounting. 

particularly  suited  to  the  protection  of  motors  and  gen- 
erators that  are  directly  connected  to  a  line  or  to  any 
other  application  where  an  extra  amount  of  inductance 
is  desirable.  The  size  usually  furnished  for  this  service 
has  an  inductance  ecjual,  ajiproximatcly,  to  that  of  ten 
of  the  helical  coils  of  the  cylindrical  type  or  fifty  of  the 
hour-glass  ty])e. 

Where  very  high  inductances  are  required,  as  in  the 
case  of  lines  located  in  high  mountainous  country, 
where  lightning  is  extremely  severe,  yet  continuity  of 
service  imperative  and  the  investment  to  be  protected 
quite  large,  oil  insulated  coils  of  the  pancake  type,  en- 
closed in  steel  tanks  similar  to  transformer  tanks,  are 
used.  The  better  insulation  and  cooling  afforded  by 
the  oil  makes  it  possible,  by  using  smaller  wire,  to  pro- 
vide coils  of  many  times  higher  inductance  in  the  same 
winding  space.  Coils  such  as  these  will  practically  pro- 
tect a  station  without  the  assistance  of  arresters,  so  far 
as  atmospheric  discharges  are  concerned,  provided  the 
line  insulation  can  withstand  the  reflected  surges.  Usu- 
ally, however,  it  cannot,  and  arresters  are  still  required. 
Also  modern  power  limiting  reactances,  although  not 
designed  or  used  primarily  for  lightning  protection, 
nevertheless  serve  that  purpose  quite  elTectively  so  far 
as  a  choke  coil  can. 


LIGIITXING    .\RREST£RS 

It  is  usually  necessary,  however,  to  do  more  than  to 
keep  a  surge  from  entering  a  station.  It  is  necessary  to 
provide  ade(|uate  means  for  dissipating  the  transient 
energy  of  a  surge  by  shunting  it  to  ground  through  an 
;irrester.  For  this  purpose  variotts  forms  of  arresters 
have  been  developed  to  suit  diii'erent  conditions  and  dif- 
ferent classes  of  service. 

Horn  Gap  Arrester — Tlie  simplest  arrester  is  the 
horn  gap  and  resistance.  It  has  the  disadvantage  that 
the  partial  short-circuit  to  ground  that  it  produces  lasts 
a  considerable  length  of  time  while  the  arc  is  rising  on 
the  horns  and  may  throw  apparatus  out  of  syjichronism, 
and  also  it  gives  the  resistance  time  to  overh(jat.  The 
only  solution  is  to  use  a  high  resistance,  although  this  re- 
duces the  protective  power  of  the  arrester.  The  par- 
ticular field  for  this  arrester  is  for  the  protection  of  un- 
attended outdoor  substations  of  small  size  where  a 
cheap  arrester  is  necessary,  or  as  an  emergency  protec- 
tion at  exposed  points  on  a  transmission  line. 

Tlie  Non-Arcing  Metal  Arrester  is  probably  the 
most  important  of  the  spark  gap  and  resistance  type  of 
lightning  arresters.  In  these  the  horn  gap  is  replaced 
by  a  number  of  gaps  in  series  between  knurled  cylinders 
of  some  non-arcing  metal.  It  has  been  found  that  cer- 
tain metals  are  the  opposite  of  being  good  arc  lamp 
electrodes,  and  that  arcs  started  between  electrodes  of 
these  materials  are  very  unstable  and  tend  to  go  out  at 
the  end  of  the  first  half  wave.  The  vapors  formed  by 
the  arc  exert  a  distinct  rectifying  power  and  prevent  the 
reversal  of  the  ctuTent  across  the  gap.  .Vrresters  of  this 
type  arc.  of  course,  suitable  only  for  alternating-current 
service.  The  interruption  of  the  power  current  at  the 
end  of  the  first  half  cycle  greatly  reduces  the  heating  of 
the  resistance  rods,  as  well  as  the  tendency  to  disturb 
synchronous  apparatus,  and  is  a  great  advantage. 

Arresters  of  the  non-arcing  metal  type  occur  in  four 
difterent  forms : — 

I — Those  consisting  of  series  gaps  only. 

2 — Those  consisting  of  scries  gaps  and  a  series  resist- 
ance. 

3 — Those  consisting  of  series  gaps  in  series  with  other 
gaps  shunted  by  a  resistance. 

4 — The  combination  of  all  of  these  arrangements, 
naniclj',  series  gaps,  shunted  gaps  and  series  resist- 
ance. 

The  simplest  form,  consisting  of  series  gaps  alone. 
is  used  only  on  circuits  up  to  about  2500  volts,  and  of 
capacities  of  only  a  few  hundred  kilowatts.  On  cir- 
cuits of  larger  power  the  non-arcing  effect  is  not  suf- 
ficient to  put  out  the  power  arc  that  may  follow  a  dis- 
charge, and  it  is  necessary  to  use  one  of  the  other  forms 
of  this  arrester.  The  design  consisting  of  series  and 
shunted  gai)s  without  series  resistance  is  used  on  lines 
up  to  abotu  1 1  000  volts  where  the  capacity  does  not 
exceed  about  2000  kw.  In  these  arresters  a  discharge 
passes  across  the  series  gaps  and  the  shunt  resistance  to 
groimd.  If  this  path  does  not  provide  sufificient  freedom 
for  the  discharge  a  sufficiently  high  voltage  will  be  built 
up  across  the  shunt  resistance  to  cause  the  shunt  gaps  to 
break  down.     This  provides  an  entirely  free  discharge 
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path,  but  in  the  case  of  Hues  of  capacities  not  exceeding 
one  or  two  tliousand  k\v  the  additional  number  of  non- 
arcing  metal  gaps  is  sufficient  to  cause  the  arc  to  go  out 
in  the  shunted  gaps  and  be  returned  to  the  shunt  resist- 
ance.   The  shunt  resistance  then  reduces  the  power  cur- 


FIG,    2 — OUTDOOR    LOW    EQUIV.^LENT    ARRKSTIiR 

This  is  for  1250  to  2500  volt  service,  unlimited  power  ca- 
pacity. The  resistance  shown  is  in  series  and  limits  the  power 
current  following  a  lightning  discharge. 

rent  following  the  discharge  to  a  value  which  the  series 

gaps  can  put  out.     These  arresters,  like  the  preceding 

form,  therefore,  possess  the  advantage  of  providing  an 

entirely  free  discharge  path  for  very  heavy  discharges. 

They  are  both,  how'ever,  limited  to  a  greater  or  less 

extent  as  to  the  capacity  behind  the  line  on  which  they 

will  operate  satisfactorily. 

That    form   of    the   non-arcing   metal   gap    arrester 

which  consists  of  series  gaps  and  series  resistance  only 

has  the  advantage  of  simplicity  and  of  being  unlimited 

as  to  the  capacity  of  the  lines  on  which  it  can  be  applied. 

The   series   resistance   is   made   of   such   a   value   as   to 

limit    the    discharge    current    in    all    cases    to    a    value 


FIG.    3 — N0N-.\RC1.\G    MOAL    TYPE    I.IGUT.\1.\G    ARRESTER 

This  arrester  is  designed  for  10  000  to  14500  volts.  The 
resistance  is  of  the  composition  stick  type,  so  mounted  as  to  be 
very  easily  removable.  It  is  entirely  non-inductive  and  is  much 
superior  to  the  wire-wound  resistance  formerly  used. 

which  the  non-arcing  jxiwer  of  the  series  ga])s  can  imt 

out.      It    also    seriously    limits    the    arrester's    freedom 

of  discharge,  and  heavy  surges  may  not  be  adequately 

relieved.     I'or  the  great  majority  of  the  lighter  strokes 

it    furnishes,   however,    xery    fair   protection,   especially 

wlien  a  considerable  number  are  distributed  over  a  line 

fairly  close  together   for  the  protection  of  distributing 

transformers  and  each  fine  can  belji  the  ntlier.     It  is  the 


form  principally  used  where  only  a  cheap  arrester  can 
be  afforded.  It  does  not,  however,  offer  sufficient  free- 
dom of  discharge  for  the  {irotection  of  valuable  station 
ajijiaratus  unless  a  consideralile  number  are  used  in 
parallel  at  the  station. 

The  comjdete  form  of  this  arrester,  employing  series 
gaps,  shunted  gaps,  and  series  resistance,  can  be  used  on 
lines  of  any  capacity  and  is  built  for  voltages  higher 
than  tliose  on  which  the  simpler  forms  of  this  arrester 
are  used.  The  operation  of  the  arrester  is  similar  to 
that  of  the  arrester  previously  described,  having  the 
series  and  shunted  gaps,  but  the  addition  of  the  series 
resistance  serves  to  limit  the  current  sufficiently  follow- 
ing a  discharge,  so  that  the  non-arcing  gaps  can  surely 
interrupt  it,  even  on  lines  of  the  highest  power. 

While  this  type  of 
arrester,  known  as  the 
multigap  or  low  equiva- 
lent type,  is  still  widely 
used,  it  has  largely  been 
superseded  in  r  e  c  e  it  t 
years  by  the  electrolytic 
arrester  on  the  higher 
voltage  circuits,  except 
for  use  in  unattended 
substations  or  o  t  h  e  r 
places  where  an  elec- 
trolytic arrester  would 
not  receive  adequate  at- 
tention. .\  difficulty  is 
encountered  in  the  de- 
sign of  the  multigap  ar- 
resters for  high  volt- 
ages, due  to  uneven  dis- 
triljution  of  voltage  over 
the  series  gaps,  caused 
by  their  ca|)acity  cur- 
rent. T  his  is  entirely 
similar  to  the  effect  ob- 
served with  suspension 
insulators.  The  upper 
gaps  carr\'  the  charging 
currents  of  all  the  lower 
ga|)s,  as  well  as  their 
own,  and  as  a  result  a 
higher  voltage  exists  across  these  upper  gaps  and  makes 
it  necessary  to  use  a  numl)er  of  series  gaps  far  out  of 
proportion  to  the  number  used  on  lower  voltages.  This 
condition  is  so  varialile,  due  to  the  greater  or  less  prox- 
imii\-  of  grounded  objects  at  the  point  of  installation, 
that  the  voltage  across  the  upper  .gaps  will  be  consider- 
,-dily  different  in  one  place  than  in  another.  It  is,  there- 
fore, customary  to  provide,  in  addition  to  the  non- 
arcing  metal  gajjs,  an  adjustable  series  ga]i  between 
sjiark  balls,  with  which  to  readjust  the  breakdown  volt- 
age of  the  arrester  to  suit  the  cimditions  of  any  particu- 
lar installation. 

The   lilcctroh'tic  .Irrestcr  has   cfime  to  be   use;l   in 
recent  years  in  ]iractic;dly  all  cases  on  high  x'oltage  lines 


FIG.     .1  —  LOW     EQUIVALENT     LIGHT- 

XIXG   ARRESTER   FOR  33  000  VOLT 

OUTDOOR    SERVICE 

'I'liis  is  probably  the  largest  low 
equivalent  single  arrester  ever 
built  for  outdoor  service.  Rod 
resistors  are  used  for  both  the 
series  and  shunt  resistances. 
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where  Ihc  apparatus  to  he  protected  or  the  importance 
of  continuity  of  service  warrants  the  larger  investment 
for  this  l)etter  arrester*  Since  that  time  it  has  heen 
appHed  more  and  more  widely  until,  as  previously 
stated,  it  is  used  generally  in  this  country  for  all  impor- 
tant high  voltage  protection.  The  electrolytic  arrester 
is  designed  on  the  fact  that  when  an  aluminum  |)l:ite  is 


FIG.   5 — KI.ECTR0I.VT1C   UCHTXIXG   .\RKKSTER   FOR    1 1  OOO  VUI.TS 

Kor  indoor  service,  wall  mounting,  three-phase  ungrouiuk-d 
neutral.  The  tanks  of  this  arrester  are  grounded,  and  it  is 
equipped,  as  shown,  with  hand-wheel  operated  transfer  switch 
and  charging  resistance  mounted  on  the  harriers. 

immersed  in  certain  electrolytes  and  current  is  caused 
to  flow  ihrouyh  the  solution  a  tilm  of  aluminimi  hydrox- 
ide is  formed  upon  the  plate  which  tends  to  ojjpose  the 
flow  of  current.  The  higher  the  voltage  is  raised  the 
greater  becomes  the  resistance  of  this  Tdm  up  to  a  i)(iinl 
where  the  tilm  can  build  uj)  no  further.  This  is  called 
the  critical  voltage,  and  while  it  is  not  .in  absolutely 
sharply  defined  ];oint.  nevertheless,  tiie  bend  in  the  curve 
at  that  point  is  veiy  great,  and  the  ciUM-enl  increases 
very  rapidly  on  any  further  rise  in  voltage.  This  crit- 
ical ]i(iint  differs  somewhat  with  ditTerent  electrolytes 
and  is  also  different  on  direct  and  alternating  voltages, 
largely  because  it  is  determined  by  the  ])eak  voltage. 
Ordinary  standar<l  practice  at  the  present  time  is  to  use 
about  300  volts  alternating-current  as  the  maximum 
working  voltage  for  each  of  the  trays  in  an  electrolytic 
arrester.  I-'or  any  given  voltage,  therefore,  enough  of 
these  electrolytic  lilm-  on  ;duniinum  plates  are  con- 
nected in  series  tn  ei|ual  llie  ai)i)lie<l  voltage  at  not  over 
300  volts  per  lilm.     W  hen  such  ,1  battery  of  electrolxtic 

*The  electrolytic  arrester  was  tirst  publicly  described  in 
this  country  hy  Mr.  R.  I'.  Jackson  in  a  paper  before  the 
A.  1.  F..  E.  in  December  1906.  although  it  had  been  previ- 
ously developed  by  Mr.  Kerraiui  in  England  in  IQOI.  but 
abandoned  and  rorgotten.  as  no  commercial  demand  for  it 
was  then  found  in   England. 


units  is  connected  between  line  and  ground  the  films  will 
allow  only  a  very  small  current  to  flow.  On  direct- 
current  circuits  this  w^ill  be  a  jnire  leakage  current  of  a 
few  milliamperes,  while  on  alternating-current  there 
will  be  superimposed  upon  this  a  condenser  charging 
current  of  34  to  •>4  ampere,  according  to  the  size  of  the 
aluminum  ])lates  .and  the  voltage  and  frequency  used. 
If  now  a  sudden  high  voltage  is  impressed  upon  this 
device  by  lightning  or  any  other  surge,  the  voltage  will 
exceed  the  critical  voltage  of  the  set  and  the  films  will 
break  down  and  allow  practically  a  free  discharge.  The 
moment,  howexer,  such  an  abnormal  potential  has 
ceased  the  Idm  will  (|uickly  rebuild  and  reduce  the  flow 
of  current  to  the  low  value  of  y^  to  yj,  ampere  previ- 
ou>l\    mentioned. 

If,  however,  an  .ihuninum  electrolytic  cell  is  left 
connected  permanently  to  an  alternating-current  line, 
e\en  the  small  charging  current  taken  by  the  built-up 
film  will  cause  the  arrester  to  overheat.  It  is.  therefore, 
necessary  in  the  case  of  all  alternating-current  installa- 
tions to  insulate  the  electrolytic  unit  from  the  line  by 
some  form  of  spark  gap.  If,  however,  the  electrolytic 
unit  is  left  disconnected  from  the  line  for  any  great 
length  of  time  the  film  will  gradually  be  dissolved,  and 
the  next  time  .a  discharge  occurs  an  excessively  heavy 
cmTciU  will  How  which  not  oidy  will  create  a  severe 
power  stu'ge  on  the  system,  but  will  very  [)robal)ly  over- 
heal  the  arrester  before  llu-  lilm  c;in  be  sufficiently  re- 
built. In  such  a  case  the  lilm  would  not  Intild  np  to  its 
full  \ahie.  the  hea\y  cm'rent  would  continue,  .and  the 
electrolytic  unit  might  be  injured. 

It  is  customary,  therefore,  to  use  a  spark  gap  in 
series.  ;md  this  ])ractically  always  takes  the  form  of  a 
horn  gap,  one  member  of  which  is  arranged  so  that  it 
can  be  swmig  in   such  m.anner  as  to  sufficiently  reduce 


lie.  6 — nOKN    i..\l'  cll'    A    I  10  000  VOl.T    la.ECTKOI.VTlC    I.I'.'.HTN'IXG 
.\RRF.STER 

Showing  the  method  of  mounting  the  charging  resistance, 
which  cousins  of  two  resistance  rods  in  series,  each  shunted 
by  a  small  horn  gap. 

or  enlireh-  bridge  the  gaj).  and  thus  allow  the  current 
from  the  line  to  flow  through  the  electrolytic  cell  and 
rebuild  the  lilm.  This  charging  operation,  as  it  is  called, 
re(iuires  only  a  |)ortion  of  a  minute  and  should  be  car- 
ried out  at  least  once  a  day.  The  aiipearance  of  the  arc 
when  the  horns  are  separated  is  an  indication  of  the  con- 
dition of  the  film.     A  thin  bluish  and  crackling  arc  indi- 
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cates  that  tlie  film  is  in  good  condition,  whereas  a  heavy, 
somewhat  reddish,  arc  indicates  that  the  fihiis  are  not 
adequately  huilt  up. 

Electrolytic  arresters  are  usually  built  up  with  the 
aluminum  ]>lates  made  up  in  the  form  of  trays,  stacked 
one  within  the  other,  but  separated  slightly   from  each 


KIG.    7 — EUECTKnl.N  IK     l.ir.HINlXi.    AKRKSTKR    FOR    i:  Xr.ROt;  .\I)Ell 
NEUTRAL    OUTDOOR    SERVICE 

Showing  the  short-circuiting  clips  on  the  Iiurn  Kaps  anil  the 
operating  handle  and  mechanism  for  charging  the  arrester, 
doing  away  with  the  ropes  and  weights  commonly  used  on 
earlier  designs. 

Other  by  insulating  spacers.  A  jwrtion  of  the  space  be- 
tween adjacent  trays  is  filled  with  the  electrolyte,  and 
the  ccilumn  of  trays,  properly  clamped  together,  is  en- 
closed in  a  steel  tank,  which  is  filled  with  oil,  so  as  to 
cover  all  the  trays.  The  oil  serves  the  purpose  of 
insulating  the  trays,  conducting  away  the  heat,  jirevent- 
ing  eva])oration  of  the  electrolyte,  and  preventing 
splashing  out  of  the  electrolyte  during  discharges.  The 
electrolytes  used  are  all  somewhat  heavier  than  oil,  and 
accordingly  remain  in  the  bottoms  of  the  trays  and  do 
not  mix  with  the  oil.  Formerly  comparatively  flat- 
bottomed  travs  were  used,  but  now  conical  trays  are 
universal,  in  order  to  give  the  bubbles  that  are  formed 
at  the  surface  of  the  trays  during  the  ])assage  of  current 
a  free  chance  to  escape  and  eliminate  the  danger  uf  their 
being  trapped  by  the  under  side  of  the  upper  tra}-.  For 
this  reason,  too.  the  separation  between  trays  is  some- 
what greater  than  formerly. 

The  freedom  of  discharge,  and  therefore  the  protec- 
tive power  of  an  electrolytic  arrester,  is  in  general  pro- 
portional to  the  area  of  the  tray  that  is  covered  by  elec- 
trohte.  Inasmuch  as  the  electrolytic  arrester  is  only 
used  for  the  sake  of  obtaining  the  maximum  protection 
possible,  a  tray  area  should  be  provided  sufficient  to 
render  the  ini])edance  of  the  electrolytic  column  negligi- 
ble, and  the  freedom  of  discharge  of  the  arrester  e(|ual 
to  that  of  a  '-im])le  horn  gap.  h-.xperimental  tests  with 
artificial  lightning  obtained  by  charging  up  a  large  con- 
denser to  a  high  voltage  and  then  discharging  it  through 
the  arrester  demonstrated  that   an   active  trav   area  of 


90  to  100  square  inches  is  necessary  to  accomplish  this. 
To  reduce  the  tray  area  one-half  would  be  equivalent  to 
placing  a  resistance  in  series  with  the  arrester  and  de- 
stroying the  peculiar  virtue  of  the  electrolytic  arrester 
by  making  it  more  nearly  eciuivalent  to  the  spark  gap 
and  resistance  type. 

A  tray  of  100  square  inches  active  area,  with  ade- 
quate margin  to  prevent  splashing  over  of  electrolyte, 
would  lie  too  dee])  if  made  of  simple  conical  form  to 
allow  free  escape  of  bubbles.  Such  trays  are  made, 
therefore,  as  double  cones,  forming  an  annular  trough 
for  the  electnilyte.  This  gives  only  half  the  depth 
otherwise  required  and  provides  for  a  hole  up  through 
the  center  through  which  the  cooling  oil  can  circulate  to 
great  advantage.  On  high  voltage  arresters,  in  order  to 
obtain  ade(iuate  insulation  between  the  trays  and  the 
sides  of  the  tank  without  making  the  latter  of  large 
diameter,  re(|uiring  much  more  oil,  it  is  customary  to 
use  cylindrical  insulating  barriers  around  the  tray  col- 
umns. This  greatly  reduces  the  size  of  the  tanks  and 
the  amount  of  oil  required.     Connection  is  made  with 


EIG.  cS — OXE  TAXk   or   A    115000  VOI.T   TIIKEE-I'HASE   I-IGHTXIxr. 
ARRESTER 

Showing  the  extra  high  tension  terminal  required  lor 
grounded  tank  construction.  The  complete  tray  structure  out- 
side the  tank  sliows  the  added  insulation  required  inside  the 
tank;  also  the  holted  togetlier  insulator  columns,  which  permit 
easy  replacement  of  a  brokeu   insulator  unit. 

the  uppermost  tray  by  means  of  a  Inishing  similar  to 
those  useil  on  high  voltage  transformers,  which  is 
mounted  in  the  cast  iron  cover  of  the  tank.  Condenser 
terminals  are  used  on  the  higher  voltage  arresters.  The 
lowest  tray  is  usually  connected  tlirectly  to  the  bottom 
of  the  tank. 
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In  the  case  of  three-phase  arresters,  the  trays  are  cause  of  the  number  of  trays  retiuired  and  partly 
arranged  in  sets,  each  proportioned  to  the  star  voltage  because  of  the  difficulty  of  bringing  two  high  potential 
of  the  circuit.  If  the  circuit  has  a  grounded  neutral  terminals  out  of  one  tank,  in  the  case  of  some  of  the 
three  of  these  sets  of  trays  are  used,  one  connected  from  lower  voltage  arresters  which  are  used  indoors  it  is 
each  line  to  ground  in  series  with  a  horn  gap.  In  the  customary  to  mount  all  the  phases  in  one  or  two  tanks, 
case   of   ungrounded   neutral   circuits    four   phases   are      For  outdoor  service  three  or  four  tanks  are  used.     In 

the  case  of  the  lower  voltage  arresters, 
also  it  has  become  customary  even  in  the 
case  of  arresters  for  ungrounded  neutral 
circuits,  to  so  bring  out  the  terminals  that 
tlic  tank  can  be  grounded.  C)n  the  higher 
MiJtage  arresters  the  additional  insulation 
ro:|uirc(l  to  do  this  usually  makes  it  too 
expensive. 

Consideraljje    imiirovemcnt    has    been 
inadc  in  the  electrolyte  used.     At  tirst  or- 
ganic   electrolytes    were    employed,    and 
these   had   the   serious   disadvantage   that 
ihey    were    comparatively    unstable,    and 
])arlicnlarly    that    they    formed    a    mould 
which  crept  up  over  the  edge  of  the  trays 
and     gradually     siphoned     out    the     elec- 
trolyte.  In  1909  inorganic  electrolytes  were 
adopted  by  one  company,  and  about  a  year 
ago  this  practice  became  general.     .V  new 
electrolyte    has    recently    been    perfected 
which  seems  distinctly  superior  to  any  pre- 
\iously  used.     It  has  a  higher  critical  voltage,  does  not 
dissolve  off  the  film  as  quickly  when  left  without  charg- 
ing, is  not  so  much  affected  by  high  temperatures,  re- 
liuilds  its  own   film  more   fjuickly,  and  is   much  more 


l-IG.    g — INST.\LL.\TION    OK     1 10  000    VOLT,    THREE-PH.\SK    UXCROUNDEU    NEUTR.M, 
fI,ECTROI,VTIC   LIGHTNING  ARRESTERS 

Lehigh  Navigation  Electric  Company.  Haiito.  Pa. 


used  in  the  so-called  nuiltiple.x  arrangement.  <  )ne 
phase  is  connected  to  each  line  through  a  horn  gap,  and 
the  lower  ends  of  these  three  phases  are  connected  to- 
gether. The  fourth  set  is  connected  from  the  common 
connection  of  the  other  three  to  ground.  This  places 
the  first  three  phases  at  star  potential  above  ground  in 
case  one  phase  of  the  line  should  become  grounded.  It  is, 
therefore,  necessary  to  mount  the  arresters  upon  a  tank 
platform  insulated  for  the  star  potential.  This  platform 
is  not  necessary  with  arresters  for  grounded  neutral,  as 
the  tanks  in  this  case  are  connected  to  groimd  anyway. 

The  horn  gaps  are  usually  mounted  upon  a  pipe 
frame  work  upon  suitable  pin  type  insulators,  and  are  so 
tied  together  mechanically  that  all  three  horn  gaps  can 
be  0]:iened  or  closed  together  for  the  daily  charging 
operation.  With  ungrounded  neutral  arresters  it  is 
necessary  to  provide,  in  addition  to  the  tanks,  tank  plat- 
form and  horn  gap  structure,  a  transfer  switch,  which  is 
in  et'fect  simply  a  doul)le-])ole,  double-throw  switch,  so 
arranged  as  to  interchange  tlie  connections  of  tlu 
ground  tank  with  some  one  of  the  line  tanks.  This  i- 
for  the  reason,  that  in  charging  the  arrester,  the  charg 
ing  current  passes  from  line  to  line,  with  extremeh 
little  from  line  to  ground.  Therefore,  the  ground  tank 
would  remain  practically  uncharged  and  its  film  grad- 
na!l\-  dissolve  away  if  some  means  were  not  provided 
whereby  it  could  l)e  charged  as  thoroughly  as  the  line 
tanks.  It  is,  therefore,  necessary  to  charge  the  arrester 
twice  on  each  occasion,  once  with  the  transfer  switch  in 
each  of  its  two  positions. 

While  with  the  higher  voltage  arresters  it  is  neces- 
sary to  use  a  separate  tank  for  each  phase,  partly  be- 
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IIG.    10 — 1 15  000    VOLT    THREE-PH.\SE    UNXROUNDED    NECTR.\L    ELEC- 
TROLYTIC   LIGHTNING    .ARRESTERS    OF    THE    IX.\W.\SHIRO 
HYDRO-ELECTRIC   COMP.VNV,   J.\P.\X 

These  arresters  were  provided  with   especially  high   insulation 
for  the  voltage. 
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stable  chemically.  All  electrolytes,  however,  if  they  are 
to  give  satisfactory  operation,  must  be  as  pure  as  pos- 
sible. Only  distilled  water  should  be  used  in  mixing 
them,  and  operating  men  should  use  especial  care  that 
the  travs  are  left  clean  and  that  no  impurities  get  into 
the  electrolyte  when  an  arrester  is  being  installed  or 
overhauled. 

A  comparatively  recent  development  in  connection 
with  electrolytic  arresters  is  the  use  of  charging  resist- 
ances. There  is  a  tendency  for  an  electrolytic  arrester 
to  set  up  high  frequency  oscillations  when  charged,  due 
to  the  capacity  of  the  arrester  and  the  line,  as  con- 
densers, charging  and  discharging  through  the  line  in- 
ductance across  the  horn  gaps.  This  tendency  becomes 
serious  when  arresters  are  directly  connected  to  cable 
circuits,  on  account  of  the  very  much  greater  electro- 
static capacities  of  the  cables,  which  tend  to  make  the 
oscillations  much  more  severe  than  usual.  This,  in  con- 
junction with  the  lower  insulation  strength  of  the  cable. 


As,  however,  the  constants  L  and  C  of  difterent  circuits 
vary,  and  are  not  easily  determined,  it  is  customary  to 
furnish  a  certain  value  of  resistance  with  all  arresters 
of  a  given  voltage,  this  value  being  chosen  as  the  result 
of  experience.  Inasmuch  as  it  would  seriously  lower 
the  protective  power  of  the  arrester  if  this  resistance 
remained  in  the  circuit  at  all  times,  it  is  customary  to 
shunt  the  resistance  w'ith  a  spark  gap  which  will  break 
down  and  allow  a  free  discharge  of  the  arrester  in  case 
a  surge  is  too  heavy  to  be  adequately  dissipated  through 
the  resistance.  Charging  resistances  are  mounted  di- 
rectly upon  the  horn  gap  structure,  and  connected 
between  the  horns  and  the  tanks. 

After  a  lightning  discharge  has  passed  and  the 
rebuilding  of  the  films  has  reduced  the  power  current 
that  follow-ed  to  a  small  value  the  voltage  across  the  gap 
shunting  the  charging  resistance  becomes  too  low  to 
maintain  the  arc  there  and  the  current  is  transferred 
into  the  resistance.     The  current  is  tinallv  broken  by 


.-IG.    II — LIGHTNING   .\RRESTEK   EQUIPMENT    lOR    THE   BLUESTONE    POWER    HOrSE    OE    THE    XHRI-OEK    &    WESTERN    RAII,RO.\D 

The  equipment  consists  of  four  44000  volt  single-phase  grounded  neutral  electrolytic  lightning  arresters  for  the  transmis- 
sion lines  and  special  11  000  volt  single-phase  arresters  for  the  trolley  circuits.  The  horns  are  swung  together  for  charging,  or 
wide  apart,  to  act  as  disconnecting  switches,  singly  or  in  pairs,  by  means  of  a  system  of  levers  and  bell  cranks.  This  bank  of 
arresters  is  over  60  feet  long,  probably  the  largest  single  installation  in  existence. 


makes  it  necessary  to  provide  some  means  for  elimi- 
nating these  oscillations.  In  the  case  of  lightning  ar- 
resters protecting  transformers,  the  oscillations  are 
rarely  intense  enough  to  cause  any  injury  to  trans- 
formers of  modern  insulation,  but  in  the  case  of  ar- 
resters protecting  motors  or  generators  directly  con- 
nected to  the  line,  even  the  ordinary  oscillations  may 
prove  dangerous,  due  to  the  lower  insulation  strength 
of  the  machine  windings. 

The  method  adopted  for  the  elimination  of  these 
oscillations  when  necessary  is  to  connect  in  series  with 
each  phase  during  charging  a  suitable  resistance  of 
such  value  as  to  render  the  circuit  non-oscillatory  ac- 
cording to  the  well-known  formula  R-C  =  4L.  A 
resistance  greater  than  that  given  by  the  above  formula 
would  be  sufificient  to  render  the  circuit  non-oscillatorv. 


the  main  arc  rising  on  the  horn  gaps,  the  resistance  then 
performing  the  same  function  of  damping  out  oscilla- 
tion that  it  does  during  ordinary  charging. 

The  proper  protection  of  electrical  apparatus  against 
lighting  becomes,  therefore,  a  question  of  choosing  that 
type  of  protective  apparatus  that  is  best  suited  to  the 
conditions.  These  involve  not  only  the  question  as  to 
what  is  the  best  arrester,  but  as  to  what  investment  is 
warranted  as  insurance,  and  wdiat  attendance  and  in- 
spection can  be  given  to  the  arrester.  High  voltage 
motors  and  generators  require  good  choke  coils  as  well 
as  arresters,  but  modern  transformers  often  struggle 
along  successfully  without  them.  Small  equipments  can 
afford  only  simple  spark  gap  and  resistance  arresters, 
but. big  power  houses  deserve  electrolytic  arresters  in 
almost  all  cases. 


M€HM 


S 


©T 


Conducted  by  K.   II.   \\  ii.lahd 


Commutator  Soldering 

A  time-saving  scheme  for  soldering  leads  onto  commu- 
tators is  shown  in  Fig.  i.  Asbestos  rope  is  wound  around  the 
commutator  neck  and  the  commutator  is  let  down  through 
a  hole  till  it  rests  on  the  packing.     The  solder  is  kept  in  a  res- 
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ervoir  at  one  side.  When  the  commutator  is  in  place  a  plunger 
is  lowered  into  the  reservoir,  raising  the  level  of  the  solder  up 
to  the  commutator  neck  and  soldering  in  tlu-  leads.  Surplus 
solder  is  drained  ofif  by  raising  the  plunger. 

Starting  Current  of  Squirrel-Cage  Motors 

With  nn.^t  ^(lulrrel-cage  induction  motors  the  maximiun 
torque  is  considerably  larger  than  the  starting  torque.  In 
spite  of  this  fact  the  starting  current  usually  exceeds  the  cur- 
rent at  maximum  torque.  This  is  explained  by  the  fact  that  at 
starting  the  effective  flux  is  greatly  reduced  by  leakage,  thus 
requiring  a  larger  current  to  produce  the  same  torque.  In 
addition  to  this  the  current  is  thrown  out  of  phase  with  the 
tlux,  since  at  high  rotor  frequencies  (low  rotor  speeds)  the 
rotor  i)ower-factor  is  low. 


will  be  no  secondary  ampere-turns  to  oppose  those  in  the  pri- 
mary, and  the  voltage  generated  in  the  secondary  circuit  will  be 
equal  to  the  impedance  drop  of  the  primary  circuit  multiplied 
by  the  ratio  of  turns.  The  impedance  drop  over  the  primary 
circuit  is  limited  only  by  the  saturation  of  the  iron,  and  will  be 
in  this  case  quite  high,  as  the  iron  in  a  current  transformer  is 
normally  worked  at  a  relatively  low  induction  in  order  to  main- 
tain good  regulation  and  small  error  in  phase  angle.  In  a  cur- 
rent transformer  of  modern  design  there  may  be  200  or  300 
volts  (effective)  ;  due  to  the  saturation  of  the  iron  this  voltage 
will  have  a  very  high  peak,  possibly  two  or  three  times  the 
effective  value  of  the  voltage  and  may,  therefore,  prove  very 
dangerous. 

Another  explanation  of  the  action  of  the  series  transformer 
is  based  on  the  notion  of  equivalent  impedance.  It  was  pointed 
out  that  the  primary  voltage  varies  with  the  main  current  and 
transformer  impedance.  If  the  main  current  does  not  change 
the  voltage  varies  with  the  transformer  impedance.  When  the 
secondary  circuit  is  open  its  impedance  is  made  infinitely  large 
and  the  equivalent  impedance  of  the  transformer  is  greatly  in- 
creased, giving  a  rise  in  voltage. 


Series  Transformers 

Users  of  series  or  current  transfoncjfrs  are  conmionly  cau- 
tioned not  to  open  the  secondary  circuit  wHiie  current  is  flowing 
in  the  primary.  The  reason  for  tliis  may  be  explained  as 
follows: — 

The  series  transformer  does  not  have  a  constant  potential 
impressed  across  its  terminals,  as  is  the  case  with  ordinary 
shunt  transformers.  Its  primary  voltage  is  the  impedance  drop 
due  to  the  main  current  flowing  through  the  transformer.  Since 
the  voltage  drop  across  the  primary  is  small  compared  with  the 
voltage  of  the  circuit,  the  current  flowing  through  the  primary 
is  fixed  by  conditions  outside  of  the  transformer.  The  voltage 
drop  over  the  transformer  primary  winding  depends  on  the  flux 
in  the  magnetic  circuit  multiplied  by  the  number  of  turns.  The 
flux  is  proportional  to  the  diflference  between  the  ampere-turns 
in  the  primary  and  secondary  circuit,  and  since  the  primary 
ampere-turns  are  fixed  by  the  main  circuit  the  flux  in  the  core, 
and  consequently  the  primary  and  secondary  voltages,  will  in- 
crease as  the  secondary  ampere-turns  decrease.  If  the  im- 
pedance of  the  secondary  circuit  is  increased  the  current  tends 
to  fall,  but  this  decreases  the  secondary  ampere-turns  and  in- 
creases the  voltage,  tending  to  bring  the  current  to  its  original 
I  III'.-      If  i-  .  \  ul.  lit  that  if  the  secondary  circuit  is  open  there 


Parallel  Operation  of  Transformers 

For  single-phase  transformers  to  operate  satisfactorily  in 
riarallel  it  is  necessary  that  they  have  the  same  ratio  and  same 
regulation  at  all  power-factors.  Unless  the  regulation  of  the 
two  transformers  i>  the  saine.  if  the  voltages  are  equal  at  no 
lo.-id  they  will  be  uueciual  at  full  load,  and  the  transformer 
with  tile  higher  voltage  will  carry  more  than  its  share  of  the 
load.  It  is  desirable  to  use  transformers  of  the  same  size  for 
I)arallel  operation:  but  if  they  are  not  of  the  same  size  they 
can  be  paralleled  if  their  regulation  is  the  same.  i.  e.,  if  the 
terminal  voltages  of  both  transformers  at  one-fourth,  one-half, 
lull  load,  etc,  are  equal.  With  parallel  transformers,  just  as 
with  any  parallel  circuits,  the  terminal  voltages  are  necessarily 
equal.  If  the  voltage  of  both  transformers  is  the  same  when 
each  is  carrying  an  equal  part  of  its  rating,  they  will  divide  the 
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load  properly  regardless  of  their  relative  ratings.  If  the  ter- 
minal voltage  of  one  transformer  at  half-load  is  higher  than 
that  of  the  other  at  half  its  rated  load,  the  first  transformer 
will  take  more  than  its  share  of  load  just  as  an  over-excited 
shunt  generator  is  parallel  with  another  will  take  more  than  its 
share. 

If  two  transformers  of  the  same  size,  connected  as  in 
I-'ig.  I,  do  not  share  the  load  properly,  they  may  be  made  to 
divide  the  load  and  operate  satisfactorily  by  reconnecting  as 
in  l"ig.  2:  or  if  the  transforiners  are  separated  by  any  consid- 
erable distance,  the  secondary  sections  of  each  transformer 
may  be  connected  in  parallel  and  the  two  transformers  in  series 
as  shown  in  Fig.  3. 


Our  subscribers  are  invited  to  use  this  department  as  a  means  of  securing  authentic  information  on  electrical  and  mechanical  subjects. 
Questions  concerning  general  engineering  theory  or  practice  and  questions  regarding  apparatus  or  materials  desired  for  particular  needs  will  be 
answered-     Specific  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  cannot  tie  supplied  through  ttiis  department. 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  quary.  A  personal  reply  is  mailed  to  each  questioner 
as  soon  as  the  necessary  information  is  available;  however,  as  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reason- 
able length  of  time  should  be  allowed  before  expecting  a  reply.     Care  should  be  used  to  furnish  all  data  needed  for  an  intelligent  answer. 


1 199 — Arcing  Between  Slip  Rings  and 

Brushes  — \\  hat  condition  will  canse 
arcing  between  rings  and  brushes  on  a 
variable  speed  induction  motor  with 
e.xternal  resistance  and  speed  control  ? 
This  arcing  was  very  serious,  the  cur- 
rent jumping  several  inches  in  soine 
cases  and  finally  burning  out  several 
bars  in  the  rotor.  Would  too  rapid 
reversal  of  controller  at  full  load  do 
this,  or  an  opening  in  the  rotor  cir- 
cuit: W.  J.  C.  (COLO.) 

The  reversal  of  an  induction  motor 
when  running  at  full  speed  results  in  a 
voltage  whicli  is  double  the  standstill 
voltage  between  the  collector  rings  on 
the  secondary  member,  resulting  in 
double  the  standstill  current  ( See  A.  I. 
E.  E.  Standardization  Rules,  December, 
1914  edition,  p.  41,  sec.  262).  This  is  be- 
cause the  relative  rotation  of  the  mag- 
netic field  and  the  secondary  winding  is 
twice  its  normal  standstill  value.  This 
doul)le  voltage  in  itself  might  readily 
cause  the  breakdowns  described.  If  the 
current  jumps  several  inches  it  would 
seem  that  the  windings,  rings,  etc.,  may 
be  covered  with  some  kind  of  conduct- 
ing dust,  probably  from  brush  wear,  of- 
fering a  ready  path  to  the  current. 
Cleaning  the  windings,  rings  and  brush- 
holders  thoroughly  and  revarnishing 
them  may  help.  If  trouble  still  keeps  up 
it  is  an  indication  that  the  double  voltage 
due  to  reversal  at  full  speed  is  too  much 
for  the  insulation,  and  the  motor  should 
not  be  operated  in  this  manner  without 
anticipating  trouble.  Manufacturers  usu- 
ally provide  heavier  insulation  when  it  is 
known  that  the  motor  is  to  be  operated 
in  this  way.  a.  m.  d. 

1200 — Iron  Wire  Rheostat  —  A  sub- 
merged iron  wire  rheostat  is  giving 
considerable  trouble  due  to  one  of  the 
leads  disintegrating  very  rapidly  and 
breaking  off  at  the  surface  where  it 
enters  the  water.  How  can  this  be 
prevented?  p.  j.  (oHio) 

Electrolytic  action  is  responsible  for 
the  rapid  disintegration  of  the  one  iron 
wire  where  it  enters  the  water.  Impure 
water  forms  an  electrolyte  of  compara- 
tively low  resistance  which  shunts  a 
large  part  of  the  current  between  the 
points  where  the  wire  enters  and  leaves 
the  water,  these  being  the  points  of  high- 
est potential.  Pure  running  water,  if 
obtainable,  would  overcome  the  trouble. 
If  not  obtainable,  insulated  copper  wires 
carried  w'ell  below  the  surface  and  at- 
tached to  the  iron  wires  with  connectors 
of  ample  capacity  should  stop  the 
trouble.  Probably  this  rheostat  is  being 
worked  too  hard  and  perhaps  one  of 
iron  plates  and  a  soda  solution  would  be 
found  more  serviceable.  Since  only  one 
of  the  rheostat  leads  gives  trouble  it  is 
quite  probable  that  direct  current  is 
being  used.  In  this  case  a  considerable 
portion  of  the  current  leaves  the  positive 
lead  just  under  the  surface  of  the  solu- 
tion, taking  the  easiest  path  to  the  nega- 


tive lead.  This  produces  an  oxidation  of 
the  iron  at  the  positive  terminal,  which 
rapidly  eats  it  away.  The  action  could 
also  be  entirely  eliminated  by  using  some 
non-conducting  substance,  such  as  oil, 
for  a  cooling  medium.  It  will  be  helped 
by  the  use  of  a  positive  lead  of  larger 
cross-section  or  by  employing  a  resist- 
ance material  which  is  less  affected  by 
electrolytic  action,  such  as  monel  metal. 
E.  M.  and  T.  s. 

1201 — Changing  Motor  Speed — 1  have 
some  05  horse-power,  three-phase,  550 
volt,  1200  r.p.m.  induction  motors  hav- 
ing two  layers,  72  slots,  four  coils  per 
group.  I  wish  to  change  these  to  600 
r.p.m.  If  I  change  the  throw  (i  &  10) 
to  I  &  5  and  use  two  coils  per  group, 
thus  doubling  the  number  of  poles 
without  changing  the  total  coils  per 
phase,  will  I  get  satisfactory  opera- 
tion? Are  other  changes  necessary? 
Motors  are  connected  in  parallel  star, 
w.  B.  (QUEBEC) 


KIG.   IJOI    (  a  ) 
It    is    possible    to    change    the    motor 
from  6  to  12  poles  by  changing  the  coils 
per  group   from  4  to  2,  but  the  motor 
sliould  be   reconnected  in   series  star  if 
the  voltage  is  to   remain   the   same.     A 
iliagram  of  connections  of  a  three-phase, 
12  pole  series  star  winding  is  shown  in 
Fig.    1201    (a).     The   new    horse-power 
rating  will  be  about  half  of  the  present, 
its  exact  value  depending  on  the  venti- 
lation   of    the    motor.      The    efficiency 
power-factor    and    pull-out    torque    will 
also  be  considerably  lower  with  12  poles 
than  with   si.x  poles.     We  would  advise 
that  the  throw  be  changed  to  1-6,  instead 
of  1-5,  to  im|irove  the  power-factor.      G.  P. 
1202  —  Synchronous    Motor    at    Low 
Power-Factor — Would    a    synchron- 
ous   motor,    driving   a    constant    load, 
take    any   more    kilowatt-hours    at    70 
percent  power- factor  than  it  would  at 
100  percent  power-factor? 

w,  F.  R.  (west  VA.) 
By  the  terms  of  the  question  the  kilo- 
watt-hours output  remain  the  same.   The 
armature    current,    however,    would    be 


very  much  greater  at  70  percent  power- 
factor,  producing  an  increased  copper 
loss  in  the  armature.  If  the  power- 
factor  is  leading,  this  will  mean  in- 
creased excitation,  and  consequent  in- 
creased copper  loss  in  the  field  coils.  If 
the  power- factor  is  lagging  the  field  cur- 
rent will  be  less  than  normal,  with  con- 
sequent reduction  of  copper  loss  in  the 
field  coils.  In  either  case,  however,  the 
iron  loss  will  be  increased  on  account  of 
the  cross  flux  in  the  armature  and  the 
distortion  of  the  field  flux.  Hence  the 
kilowatt-hours  input  to  the  motor  will 
be  increased  by  the  amount  of  these 
losses.  c.  R.  R. 

1203 — Three-phase  Impedance  Test 
with  Single  Phase — Is  it  possible  to 
measure  accurately  the  impedance 
losses  in  a  three-phase  motor  with 
only  single-phase  power  available?  If 
so.  please  give  formula  and  indicate 
method  of  test.  G.  c.c.  (quebec) 

It  has  been  found  that  when  a  three- 
pliase  induction  motor  has  norrrial  volt- 
age applied  to  only  one  phase  the  watts 
with  the  rotor  locked  and  the  total  volt- 
amperes  are  reduced  to  one-half  their 
value  on  three  phase.  The  "locked 
watts"  on  single  phase  are  50  percent  of 
the  watts  on  three  phase,  and  the  locked 
amperes  |)er  terminal  are  86. b  percent  of 
the  amperes  per  terminal  on  three  phase. 
.\fter  finding  the  locked  watts  and  am- 
peres per  terminal  when  only  single 
phase  is  applied,  the  locked  watts  when 
three  jihase  is  applied  will  be  twice  the 
locked  watts  found,  and  the  locked  am- 
peres per  terminal  on  three  phase  will 
be  1. 1 55  times  the  amperes  found,    c.  w.  K. 

1204 — Spot  Welding — (a)  Which  fre- 
iiuencx  is  I  utter  adapted  for  spotj 
welders,  assuming  the  welders  to  be 
projierly  constructed  for  either  one  or 
the  other.  2~,  cycles  or  60  cycles?  (b) 
Ought  a  spot  welder  designed  to  oper- 
ate at  25  cycles,  220  volts,  operate  sat- 
isfactorily at  60  cycles,  440  to  480 
volts?  (c)  What  additional  losses 
are  met  with  when  operating  a  25 
cycle,  220  volt  welder  on  60  c\-cle.  440 
volts?  (d)  The  instructions  accom- 
jianying  the  w'elder  say:  "Have  the 
metal  clean."  It  is  impossible  to  re- 
move the  bluish  scale  from  the  mild 
sheet  steel  previous  to  welding,  on  ac- 
count of  the  cost  involved.  Some 
pieces  weld  much  better  than  others, 
under  the  same  conditions.  Is  it  the 
difference  in  the  scale  that  cause  this 
difference  in  welding?  (e)  Having 
tried  welding  points  (copper)  of  one- 
eighth  inch,  three-sixteenths  inch,  and 
one-fourth  inch  diameters,  I  have 
found  the  one-fourth  inch  points 
(measuriii.g  one-fourth  inch  area  at 
tip)  produce  a  better  weld  than  the 
smaller  ones,  although  the  welded  spot 
seems  to  be  no  larger  in  either  case. 
The  metal  in  the  above  was  Xo.  10. 
Xo.  12  and  No.  14  gage  mild  sheet 
steel     used     for    casings,    hoods,    etc. 
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How  can  this  be  accounted  forr  (f) 
What  causes  a  shower  of  sparks  to 
issue  from  between  the  sheets  being 
welded  at  certain  times  and  not  at 
others,  all  conditions  apparently  being 
equal :  J.  w.  s.  (  N'KW  YORK) 

(a;  Spot  welding  may  be  done  equally 
well  on  any  current  between  25  and  60 
cycles,  and  such  statements  appear  in 
the  prospectuses  of  the  various  manu- 
facturers, (b)  A  spot  welder  designed 
to  operate  on  25  cycle  may  also  be  oper- 
ated on  60  cycles,  but  it  is  not  necessary 
to  raise  the  voltage  from  220  to  440  or 
480  volts.  The  voltage  used  should  be 
the  same  in  either  case.  Assuming,  how- 
ever, that  a  welder  designed  to  operate 
at  25  cycles,  220  volts,  was  jilaced  on  a 
60  cycle,  440  to  480  volt  circuit,  which, 
of  course,  should  never  be  done,  the 
iron  losses  will  be  increased  to  such  a 
degree  as  to  produce  an  undesirable 
temperature  rise.  Also  the  secondary 
voltage  will  be  increased  in  the  same 
ratio  as  the  primary  voltage,  and  this 
will  produce  too  large  a  current  for  sat- 
isfactory welding  and  will  also  overload 
the  transformer  windings.  (c)  The 
operation  of  a  220  volt,  25  cycle  trans- 
former on  440  to  480  volts,  60  cycles, 
will  produce  hi.gher  iron  losses,  as  men- 
tioned above,  and  if  the  same  material 
is  being  welded  will  i)roduce  higher  cur- 
rent in  the  transformer  windings.  The 
increase  in  iron  loss  will  be  very  nearly 
proportional  to  frequency,  and  the  cop- 
per loss  varies  as  the  square  of  the  cur- 
rent. The  value  of  current  will,  of 
course,  depend  upon  the  secondary  im- 
pedance, and  if  the  impedance  is  con- 
stant will  vary  directly  witli  the  voltage. 
Probably  the  impedance  will  be  slightly 
higher  at  60  cycles  than  at  25,  when 
welding  the  same  material,  due  to  in- 
crease of  reactance  at  the  hi.gher  fre- 
quency, (d)  The  difference  in  the  scale 
will  cause  the  difference  noted,  and  the 
same  should,  if  at  all  possible,  be  re- 
moved previous  to  welding,  either  by 
brushing,  scraping,  grinding  or  by  the 
use  of  indentations  or  projections  on 
one  or  both  of  the  pieces  of  metal. 
These  indentations  or  projections  not 
only  break  tlie  scale,  but  also  furnish 
small  areas  in  whicli  the  heat  can  be 
more  rea<lily  concentrated,  thus  facili- 
tating welding,  (e)  We  are  unable  to 
state,  without  actually  seeing  the  weld- 
ing machine  in  question  at  work,  why 
welding  points  varying  in  diameter  do 
not  apparently  make  any  difference  in 
the  size  of  the  weld.  However,  it  may 
be  due  to  slight,  almost  imperceptible 
irregularities  in  the  metal  being  welded, 
which  do  not  permit  the  electrodes  to 
come  in  actual  contact  over  their  entire 
area.  Furthermore,  an  electrode  with  a 
point  as  small  as  one-eighth  inch  diam- 
eter is  hardly  practical  for  any  kind  of 
work,  as  it  wears  away  so  very  quickly. 
(f)  The  shower  of  sparks  is  caused  by 
the  scale  between  the  pieces  being 
welded  and  will  not  occur  if  this  scale  is 
previously  removed,  which  can  be  read- 
ily demonstrated.  c.  B.  A. 

1205 — Variations  in  Frequency — We 
install  throughout  the  country  small 
motor-driven  generators  which  should 
be  operated  at  practically  a  constant 
speed.  1  have  noted  that  some  power 
systems  do  not  normally  run  at  their 
nominal  frequency ;  one  la.'.ge  system 
near  New  York  is  regulated  to  62.5 
cycles,  (a)  What,  in  your  judgment, 
are  the  maximum  intentional  varia- 
tions from  nominal  frequencies,  and 
how      widespread      is      this      practice 


throughout    the    United    States?      (b) 
What   are  the   normal  and   the  maxi- 
mum fluctuations  from  the  mean   fre- 
(piency     selected  ?       Some     companies 
claim    one-half   cycle,    plus   or   minus, 
but  I  doubt  whether  this  value  is  con- 
sistently  met.      (c)    Two-pole    signal- 
ing   generators    which    must    run    at 
i2fK)  r.i).m.  synchronous  speed  may  be 
direct-connected  to  60  or  40  cycle  but 
not  to  25  or  50  cycle  motors.     I  would 
appreciate  an  opinion  as  to  the  trend 
of    development,     whether    toward    a 
greater  or  a  smaller  relative  use  of  2.5 
or  50  cycles  for  power  distribution  in 
large   and   in   small   cities   throughout 
the  Cnited  States.      R.  L.  Y.  (new  vork) 
(a)   Most  companies  aim  at  60  cycles 
Hat.     Some  have  adopted  62.5  cycles  in 
order  to  use  four  pole  to  ten  pole  motor 
generator  combinations  between  25  cycle 
and  60  cycle.     In  one  case  we  know  of 
the  normal   frequency  is  66  cycle,      (b) 
Fluctuation   from  normal   frequency  de- 
pends   on    the    speed    governing    of    the 
prime  mover  and  should  not  exceed  one 
cycle  in  sixty,     (c)   Sixty  cycle  systems 
are    growing    faster    than    either    direct 
current   or  25  cycle.     As   time  goes   on 
we   look    for   a   still   greater   preponder- 
ance of  60  cycle  service.  P.  M.  L. 

1206 —  Commutating-Pole   Motors  —  I 

would   l)e  greatly  obliged   if   you   will 
answer  the  followin,g  questions: — (a) 
Assuming  that  wdien  a  75  horse-power 
commutating-pule    shunt    motor    runs 
at  200  r.p.m.,  the  reactance  voltage  of 
tile  coil  sliort-circuited  by  the  brushes 
is  just  balanced  by  the  e.m.f.  induced 
in  the  coil  by  the  conimutating  poles 
at    a    given    load,    will    the    reactance 
voltage  be  over  or  undercompensated 
by   the   conimutating   poles    when    the 
motor  runs  at  600  r.p.m.  with  the  same 
armature   current?      (b)    Why   is   the 
speed    range    of    shunt    commutating- 
jjole  motor  in  sizes  of  75  horse-power 
and    above    less    than   that   of    similar 
motors  in  small  sizes  ?       H.  c.  B.  ( iow.\  ) 
(a)  The  average  reactance  voltage  per 
coil    short-circuited    by    the    brush     in- 
creases in  value  directly  with  the  speed 
of  motor,  the  armature  current  remain- 
ing  constant.     The   electromotive    force 
induced   in    the   short-circuited   coils   by 
their  rotation  through  the  conimutating 
riux  would  also  increase  directly  as  the 
speed,   i)rovided   the   flux   density   under 
the  commutating  pole   remains  constant 
for  all  speeds.    .Assuming  the  density  of 
commutating  flux  entering  the  armature 
constant    at    all    speeds,    the    reactance 
voltage   of   the   coils   short-circuited   by 
the   brush    will    be   exactly   balanced    at 
high  speed  if  they  are  exactly  balanced 
lor  same  value  of  armature  current  at 
low    speeds.     Since   the   main-pole    flux 
and  commutating-pole  flux  follow  iden- 
tical ])aths  in  parts  of  their  circuits,  the 
degree   of   magnetic   saturation   of   such 
parts     of     the     comniutating-flux     path 
which   are   traversed  also   by  the   main- 
pole  flux  will  influence  in  a  measure  the 
value  of  the  commutating  flux  entering 
the  armature  at  the  point  of  commuta- 
tion.    In  general,  the  commutating  flux 
will  be  slightly  larger  at  hi.gli  speed  than 
at   low   speed,    though    in    well-designed 
machines  the  difference  in  value  of  com- 
mutating   flux    over    the    entire    speed 
range  should  not  vary  beyond  allowable 
limits  within  the  load  range  of  the  ma- 
chine.     The    conditions    affecting    mag- 
netic leakage  are  also  somewhat  differ- 
ent at  high  and  at  low  speeds,  due  to 
dift'erences    in    the    relative    values    of 
main    and    commutating-pole    magneto- 


motive-forces at  these  speeds.  Contrasts 
in  leakage  conditions  become  most 
marked  at  overloads,  and  may  even  re- 
verse the  preceding  statement  as  to  rela- 
tive compensation  of  short-circuit  volt- 
age at  low  speed  and  high  speed,  (b) 
The  <lifliculties  in  obtaining  a  wide  speed 
range  by  field  adjustment  on  large 
motors  is  greater  in  general  than  on 
small  motors.  In  the  first  place,  the 
maximum  speed  is  definitely  limited  by 
mechanical  considerations  so  that  the 
limits  of  possible  speed  for  a  given 
range  are  narrower.  The  electrical 
factors  limiting  speed  range  are  permis- 
sible short-circuit  volts,  and  maximum 
voltage  between  bars  under  the  satur- 
ated corner  of  the  main  iiole.  The  lat- 
ter value  is  more  Ireiiuently  the  limiting 
factor  in  determining  permissible  speed 
range  in  large  motors.  The  applied 
voltage,  tile  number  of  main  poles  and 
the  number  of  commutator  bars  which 
can  be  used  are  factors  in  determining 
the  value  of  the  maximum  voltage  be- 
tween bars,  and  hence  the  permissible 
speed  range.  Larger  machines  in  gen- 
eral liave  a  higher  number  of  poles  than 
the  smaller  ones  for  obvious  reasons. 
.Vlso  on  larger  machines,  winding  com- 
binations which  will  give  the  minimum 
sjieed  desired  and  sufficient  commutator 
bars  to  keep  the  maximum  voltage  with- 
in reasonable  limits  for  the  applied  volt- 
age and  number  of  poles  on  the  machine 
are  more  difficult  to  obtain  than  in  the 
smaller  machine.  The  armature  wind- 
ings on  large  machines  are  in  general 
less  flexible  than  in  small  ones.       A.  c.  L. 

1207 — "Motorizing"  —  What  harm,  if 
any.  will  result  from  allowing  a  gen- 
erator in  parallel  with  others  to  "mo- 
torize," as,  for  example,  when  steam 
is  cut  off  without  disconnecting  the 
,i,enerator  from  the  bus?  Please  dis- 
cuss with  respect  to  direct  and  alter- 
natin.g-current  .generators  and  recipro- 
cating engines  and  turbines. 

K.  A.  (mo.) 

There  are  six  classes  of  apparatus 
tliat  are  within  the  scope  of  this  ques- 
tion :  (1)  The  direct-current  generator. 
If  shunt  wound  the  direct-current  gen- 
erator continues  to  operate,  but  at  a 
slightly  lower  speed  than  before.  If 
compound  wound  the  series  field  op- 
poses the  shunt  field,  thus  weakening  the 
main  field  and  resulting  in  the  machine 
opcratin.g  in  the  majority  of  cases  at 
a  dangerously  lii.gh  speed.  (2)  The 
alternating-current  generator.  The  only 
change  that  occurs  in  an  alternator  is 
that  the  internal  phase  angle  changes 
slightly  and  it  continues  operating  at 
the  same  speed  as  before.  (3)  The  re- 
ciprocating steam  engine.  As  the  valves 
are  left  open  wdien  the  steam  is  shut  off 
this  machine  turns  over  satisfactorily 
without  steam.  (4)  The  gas  or  oil  en- 
.gine.  This  machine  behaves  the  same 
as  the  reciprocatin.g  steam  engine.  (5) 
The  steam  turbine.  With  small  steam 
turbines,  or  lar.ge  ones  that  are  not 
lagged,  i.  e.,  not  covered  with  asbestos 
material,  it  is  safe  to  operate  without 
steam  passing  through.  In  the  case  of  a 
turbine  that  is  lagged  it  is  not  safe  to 
operate  without  steam  more  than  a  very 
few  minutes.  (6)  The  water  wheel. 
.•\iiy  water  wheel  will  operate  without 
water  passing  through.  All  of  the  prime 
movers,  with  the  exception  of  the  water 
wheel,  are  made  for  only  small  over- 
speeds,  making  it  doubly  dangerous 
when  one  of  them  is  connected  to  a 
compound  wound  direct-current  gener- 
ator that  operates  as  a  motor.  r.  k. 
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PERSONALS 

Mr.  W.  C.  Beattie,  formerly  sales  en- 
gineer of  the  Sprague  Electric  Works' 
printing  machinery  department  in  their 
New  York  office,  is  now  Philadelphia 
manager  of  the  American  Rotary  Valve 
Company. 

Mr.  H,  R.  Edgecomb,  of  the  research 
engineering  department  of  the  Westing- 
house  Electric  &  Mfg.  Company,  has  re- 
signed to  accept  a  position  as  engineer 
of  the  Speer  Carbon  Company,  St. 
Marys,  Pa. 


Mr.  Frank  D.  Frawley  is  now  western 
district  manager  of  the  Corliss  Carbon 
Company,  of  Bradford,  manufacturers 
of  motor  and  generator  Ijrushes,  with 
offices  in  the  Peoples  Gas  Building,  Chi- 
cago. 


Mr.  E.  L.  Siekman,  formerly  of  the 
Denver  district  office  of  the  Westing- 
house  Electric  &  Mfg.  Company,  is  now 
manager  of  tlie  electrical  department  of 
the  Aline  and  Smelter  Supply  Company, 
of  Denver,  Colo. 


Air.  W.  .v.  Darrah,  for  the  last  four 
5-ears  engineer  in  charge  of  the  design 
of  lighting  apparatus  with  the  Westing- 
house  Electric  &  Mfg.  Company,  has  re- 
signed to  accept  the  position  of  assistant 
chief  engineer  of  the  Oliio  Brass  Com- 
pany, A'lansfield,  Ohio. 

Air.  F.  AI.  Tait,  president  of  the  Day- 
ton (Ohio)  Power  &  Light  Company 
and  past  president  of  the  National  Elec- 
tric Light  Association,  has  become  asso- 
ciated with  the  Brady  interests  and  will 
make  his  headquarters  in  New  York 
City. 


Air.  .\.  D.  Hart,  of  the  general  engi- 
neering department  of  the  Westinghouse 
Electric  &  Mfg.  Company,  has  been 
elected  president  of  the  VVestinghouse 
Club  for  the  ensuing  year. 


Dr.  Alexander  Chernyshoff,  of  the 
Imperial  Polytechnic  Institute  of  Petro- 
grad,  Russia,  who  has  been  engaged  in 
special  research  work  in  a  number  of 
industrial  plants  in.  the  United  States, 
has  returned  home  by  the  way  of  San 
Francisco  and  the  Exposition. 


Professor  Vladimir  Karapetoff,  of  the 
electrical  engineering  department  at  Cor- 
nell University,  has  been  appointed  by 
President  Aloore  to  act  on  the  Interna- 
tional Jury  of  Awards,  in  the  electrical 
di\ision,  at  the  Panama-Pacific  Exposi- 
tion. 

Robert  C.  Fenner,  who  for  the  past 
nine  years  has  been  connected  with  the 
Cutler-Hammer  Alfg.  Company,  of  Alil- 
waukce,  has  resigned  as  manager  of  the 
Cliicago  otlice  of  that  company  and  has 
opened  an  office  of  his  own  in  the  Peo- 
ples Gas  Building,  Chicago,  where  he  is 
acting  as  manager  of  sales  for  a  number 
of  meclianical  and  electrical  specialties. 
Air.  Fenner  is  well  known  in  electrical 
circles  in  the  East,  having  been  for  three 
years  manager  of  the  Boston  office  of 
the  Cutler-Hammer  Company.  Prior  to 
that  he  was  an  instructor  in  physics  at 
Cornell. 


NEW  BOOKS 

"Electric  Railway  Handbook" — Albert  S. 
Richey.  832  pages,  illustrated,  size 
4Jjx7,  flexible  leather  binding.  Pub- 
lished by  McGraw-Hill  Book  Com- 
pany.    Price,  $4.00. 

The  active  practicin.g  engineer  often 
finds  the  handbook  pertaining  to  his  pro- 
fession inadequate  and  insufficiently 
complete  for  his  purpose.  Hence  the 
need  for  handbooks,  such  as  the  present 
one,  which  go  more  into  detail  regard- 
ing some  particular  sub-division  of  a 
general  heading.  Thus  the  electric  rail- 
way engineer  finds  many  pages  in  the 
electrical  handbook  which  are  of  no  par- 
ticular service  to  him,  and  he  should  ap- 
preciate Professor  Richey 's  work  in  se- 
lecting and  preparing  a  special  hamlbook 
for  his  special  needs.  No  attempt  is 
made  to  give  detailed  data  regarding 
power  plants.  Buildings  are  also  dis- 
cussed only  t-j  a  limited  extent.  The 
same  maj  be  said  of  transmission  lines 
and  signaling  systems.  Rather  the  aim 
seems  to  have  lieen  to  present  subjects 
common  in  everyday  electric  railway 
l)ractice.  The  general  headings  are  as 
follows  : — Roadbed  and  Track,  Build- 
ings, Train  Alovements,  Railway  Motors, 
Coiitrolling  .\pparatus.  Current  Collect- 
ing Devices.  Braking,  Rolling  Stock, 
Transmission  and  Distribution,  Signals 
and  Communication.  Numerous  refer- 
ences are  given  to  important  railway 
articles  which  have  appeared  in  The 
Electric  Journal.  For  a  first  edition 
this  handbook  is  very  well  gotten  out, 
both  mechanically  and  as  to  the  general 
arrangement  and  system  oi  indexing. 

.\.  H.  M. 


"Law    of    Street    Railways" — Henry    J. 

Booth,     yjj  pages.     Pioiuid  in  buckram. 

Publislied  by  T.  &  J.  W.  Johnson  Co., 

Philadelphia,  Pa.     Price,  $6.50  net. 

The  rapid  growth  and  developmeiit  ot 
rapid  transit  facilities  have  resulted  in 
a  large  volume  of  litigation  and  have 
made  necessary  the  establishment  of 
legal  principles  mvolving  many  new 
questions.  The  present  work,  by  a  well- 
known  member  of  the  Columbn.s,  Ohio, 
Bar,  has  been  revised  and  enlarged  by 
Alessrs.  Sutton  and  Denniston  of  the 
Philadelphia  Bar  under  the  supervision 
of  the  author.  The  first  edition  cited 
more  than  2600  cases  and  the  present 
one  more  tlian  3000.  This  volume  has 
been  prepared  for  general  use  by  the 
Bench  and  Bar,  the  public  officer  and 
the  private  corporation.  The  text  has 
been  supplemented  by  copious  notes 
containing  extracts  from  opinions  and 
synopsis  of  general  statutes.  A  chapter 
of  105  pages  is  devoted  to  Interurban 
Railways,  this  being  the  first  attrmiit  to 
treat  this  subject  fully  and  systematically 
in  a  book  of  this  type.  In  addition  to 
a  table  of  contents,  a  table  of  cases 
giving  references  to  sections,  also  a 
1 2-1-page  index  is  included. 


Air.  L.  C.  LaAIont  has  been  appointed 
manager  of  the  Butte  branch  office  of 
the  \\'estinghouse  Electric  &  Alfg.  Com- 
pany. 


The  Cooper-Hewitt  Electric  Company, 
of  Hobokcn,  N.  J.,  have  begun  the  pub- 
lication of  a  magazine  called  "The  Out- 
put," to  be  devoted  to  increasing  produc- 
tion in  mamifacturing  and  other  indus- 
tries. It  is  understood  that  copies  of  this 
publication  will  be  sent  to  those  inter- 
ested on  request.  The  first  issue  came 
out  on  Alarch  17th. 


Till'.  UNIVERSAL  LIGHTNING 
ARRESTOR 

The  Lhiiversal  Arrestor,  which  has 
been  placed  on  the  market  by  Hubbard 
&  Co.,  was  designed  by  the  engineer  of  a 
large  operating  company  for  use  on  that 
company's  distribution  lines,  because 
trials  of  all  other  makes  of  arrestors 
had  failed  to  cut  down  his  lightning 
trouble. 

It  had  been  observed  that  when  a  line 
was  affected  by  or  received  a  lightning 
discharge  all  arrestors  on  the  line,  in- 
cluding those  in  the  station,  operated. 
This  indicated  that  the  arrestors  did  not 
sufiiciently  limit  the  area  of  stresses  and 
that  every  stroke  of  lightning  would  im- 
pose a  strain  on  all  other  apparatus  on 
the  line. 

One  hundred  and  fifty  L^niversal  Ar- 
restors were  made  up  and  distributed 
throughout  the  various  districts  for  ob- 
servation and  criticisn.'S.  One  long,  sin- 
gle-i)hase,  2200  volt  circuit  was  com- 
pletely equipped  with  Universal  Ar- 
restors. Before  this  the  circuit  had  a 
high  mark  of  sixteen  transformer  fail- 
ures in  one  day  and  an  average  of  sev- 
eral failures  during  every  lightning 
storm  which  passed  over  the  district. 
During  the  following  season,  after  being 
equipped  with  LTniversal  Arrestors,  it 
had  no  failures. 

The  success  of  this  trial  lot  led  to  the 
making   up   of    an    additional   lot   of   si.x 


hundred,  which  have  now  been  in  use 
two  seasons.  These  si.x  hundred  ar- 
restors were  scattered  over  an  entire 
county  and  could,  therefore,  be  placed 
at  only  a  few  of  the  most  vulnerable 
points,  3'et  the  reduction  in  transformer 
burnouts  since  their  installation  has  been 
marked.  One  district  having  1900000 
feet  of  primary  feeders,  which  would  re- 
quire 950  arrestors  to  completely  protect 
it,  was  allotted  74  Universal  Arrestors. 
That  district's  transformer  burnouts 
have  been  reduced  from  an  average  of 
150  per  season  to  40  per  season. 

The  best  feature  of  the  Universal  Ar- 
restor is  its  freedom  from  trouble- 
breeding  points.  It  has  no  housings  or 
box,  needs  no  cleaning  or  inspecting,  and 
has  no  moving  parts  to  stick.  It  is  lo- 
cated two  feet  from  the  crossarm,  re- 
moving all  danger  to  linemen  and  pre- 
venting the  pole  and  crossarm  from 
catching  fire  during  severe  discharges. 
The  Universal  Arrestor  is  quickly  and 
cheaply  installed.  The  line  wire  is  cut, 
slipped  through  the  sleeve  of  the  ar- 
restor and  re-spliced.  The  ground  wire 
is  inserted  in  the  connection.  The  horn 
gap  is  adjusted  to  the  voltage  of  the  line 
by  means  of  a  special  gauge  furnished 
with  each  arrestor. 

Bulletin  No.  615  describes  the  Uni- 
versal .Arrestor  in  detail  and  will  be 
mailed  by  Hubbard  &  Co.  upon  request. 
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NEW  BOOKS. 

"Practical  Rate  Making  and  Appraise- 
ment"—William  D.  Marks.  269  pages, 
5x7",  II  illustrations.  For  sale  by  The 
Ei.KCTHic  JouRNAi..  Price,  $2.00. 
Just  before  his  recent  death,  Professor 
Marks  prepared  an  interesting  digest  of 
his  views  upon  fundamental  Tucstions  of 
public  service  i-egulation.  The  author 
was  among  the  pioneers  in  the  study  of 
the  utility  rate  problem  and  was  an  en- 
ergetic worker.  In  the  first  clnptir  gen- 
eral propositions  are  given  which  the 
author  considers  the  underlying  necessity 
for  regulation.  The  ne.\t  two  chapters 
include  the  reports  made  by  Professor 
Marks  for  the  City  of  Spokane  on  their 
gas  situation,  and  for  the  City  of  Minne- 
apolis on  arc  lighting  rates.  These  show 
the  author's  methods  of  basing  rates  in 
specific  cases.  Chapter  four  dwells  upon 
the  effect  of  quantity  upon  charges  for 
electricity.  Chapter  five  contains  notes 
on  methods  of  appraisement  which,  in  the 
most  part,  embody  the  rules  laid  down 
by  Congress,  March  i,  1913,  to  be  fol- 
lowed in  the  appraisal  of  steam  rail 
roads.  These  succeeding  ei^ht  chapters 
are  relatively  brief  and  bear  upon  repro- 
duction cost,  overhead  charges,  depreci- 
ation, comparative  appraising,  market 
value,  franchise  value,  development  e.x 
penscs,  operating  expenses  and  income, 
the  law  of  demand  for  elec- 
tricity. Reduction  of  price  in- 
crease profits  is  the  subject  of 
chapter  fourteen  and  applies  to 
the  author's  analysis  of  the 
charges  of  the  Worcester  Elec- 
tric Lighting  Company  and 
gives  comparisons  with  other 
Massachusetts  towns.  In  chap- 
ter fifteen  the  gas  sales  per 
capita  have  been  studied  at 
length,  and  the  London  sliding 
scale  is  illustrated  extensively 
in  chapter  sixteen.  Chapter 
seventeen  gives  a  large  number 
of  tables  of  capitalization,  as- 
sets and  profits  of  Massachu- 
setts gas  companies  with  inter- 
esting groupings  and  compari- 
sons. E.  D.  11. 


ings  of  mercury  columns  and  prepare  a 
table  of  velocities.  In  order  to  illustrate 
the  uses  of  the  charts  a  number  of  i)rob- 
lems  witli  their  solutions  are  included.  A 
brief  review  of  the  thermo-dynamics  of 
steam  and  a  few  pages  of  fundamenta' 
principles  are  inserted  as  an  introduc- 
tion. Fifteen  full-page  charts  are  given 
in  the  page  size  of  7x954  inches.  The 
low  pressures  are  given  in  pourc's  per 
square  inch  and  also  in  inches  of  mer- 
curv. 


A   "RAPID"   TRANSMISSION-LINE 
CHART 

The  Moore  Printery,  of  Hamilton, 
Canada,  has  gotten  out  on  heavy  card- 
board, size  8  liy  11  inches,  the  chart  for 
determining  tlie  voltage  drop  of  alter- 
nating-current distribution  and  trans- 
mission lines  designed  by  Mr.  H.  B. 
Dwight,  of  the  engineering  department 
of  the  Cana<lian  Wcstinghouse.  Copies 
of  this  chart  will  be  supplied  at  50  cents 
postpaid. 


really  a  lamp  within  a  lamp,  the  interior 
lamp  body  carrying  a  seven-inch  mir- 
rored glass  reflector  and  Mazda  bulb,  so 
suspended  tliat  the  constant  pounding  of 
mine  locomotive  service  will  not  break 
the  filament.  The  current  consumption 
with  a  "Golden  Glow"  headlight  is  re- 
duced from  that  of  a  4  ampere  arc  light 
to  one-third  of  an  ampere  with  a  36 
watt  bulb,  or  one-fifth  of  an  ampere 
with  a  23  watt  bulb.  The  Esterline  Com- 
pany describes  the  new  mine  headlight, 
together  with  its  otlier  railway,  indus- 
trial and  marine  "Golden  Glow"  equip- 
ment in  catalogue  No.  364-EJ,  which 
will  be  sent  free  on  request  to  any  mine 
operator. 


TRADE   NOTES 

The  Railway  and  Lulustrial  Engineer- 
ing Company,  of  Pittsburgh,  Pa.,  have 
recently  developed  a  new  butt  type  of 
contact  for  their  Burke  horn  gap 
switches.  The  illustration  shows  main 
contact    with    the    sleet    hood    removed. 


The  Westinghouse  Lamp  Company 
has  recently  published  the  first  of  a 
series  of  handbooks  for  the  use  of  lamp 
salesmen,  entitled  "The  Story  of  Arti- 
ficial Illumination."  Tliis  handljook  is 
designed  especially  for  busy  men  to  give 
in  a  nutshell  information  in  non-tech- 
nical language  that  will  be  of  value  to 
them  and  wdiich  they  can  easily  translate 
when  talking  to  laj-men. 


l'"ort  Pitt  Steel  Casting  Company,  Mc- 
Keesport,  Pa.,  have  lately  been  specializ- 
ing in  the  manufacture  of  steel  castings 
for  use  in  electrical  raiUvay  w-ork,  and 
they  have  perfected  a  system  for  making 
steel  castings  to  take  the  place  of  many 
difficult  castings  which  are  now 
made  from  malleable  iron. 
Their  castings  were  selected 
for  use  in  the  catenary  con- 
struction of  the  Norfolk  & 
Western  electrification  and  on 
the  Pennsylvania  Railroad  elec- 
trification from  Philadeli)hia  to 
Paoli. 


"Handbook  of  Tables  and  For- 
mulas for  Engineers" — Clarence  Pierce 
and    Walter    B.    Carver.      168    pages, 
handbook  size.    Published  by  McGraw- 
Hill  Book  Company.    Price,  $1.50. 
This  book  was  compiled  originally  for 
the   use  of   students   of    Sibley   College, 
Cornell  University,  and  it  is  now  pub- 
lished   for    general    use.      By    selecting 
only    such    material    as    experience    has 
shown  to  be  most  useful  an  inexpensive 
volume    of    convenient    size    has    been 
made     possible.       Data     is     given     on 
meclianical  problems,  physical  and  chem- 
ical   properties,    aiechanics,    strength    of 
materials,  standard  gauges,  threads,  etc. 
.'\lso  niathematic  tables  of  various  kinds 
followed  a  b.f.u.  entropy  chart  of  ther- 
mal properties  of  steam. 

"Steam   Charts"— F.  O.   Ellenwood.     91 
pages,    8    illustrations    and    numerous 
charts.      Published   by   John   Wiley   & 
Sons.     Price,  $1.00. 
This  book  is  intended  for  the  use  of 
engineers  and  students  when  making  cal- 
culations involving  wet  and  super-he.^ted 
steam.    The  range  of  pressures,  qualities 
and  superheats   is   intended  to  be  more 
than  sufficient  for  present  practice.     An 
attempt  has  been  made  to  give  concisely 
the  corrections  to  be  applied  to  the  read- 


IlKT.MI.   VIEW   OK    M.\1N    C0NT.\CT,   SI.EET    HOOD   REMOSED 


The  main  switch  arm  is  jointed.  The 
short  end  section  is  normally  held  at  an 
angle  by  a  spring  enclosed  in  the  square 
brass  housing.  This  short  arm  meets 
the  stationary  block  which  holds  the 
laminated  copper  leaf  brush.  Further 
rotary  motion  of  the  switch  straightens 
out  the  switch  arm,  bringing  it  in  firm 
contact  with  the  leaf  brush.  The  hook 
on  the  cud  of  the  switch  arm  returns  the 
end  section  to  the  proper  angle  in  open- 
ing without  depending  upon  the  spring. 
This  construction  makes  tlie  switch 
absolutely  weatlierproof  and  insures 
smooth  operation  under  all  conditions. 


NEW^ 


HEADLIGHT  FOR  MINE 
LOCOMOTIVES 

Mine  operators,  who  have  long  wanted 
an  incandescent  mine  locomotive  head- 
light to  replace  costly  arc  light  and  in- 
efficient carbon  bulb  lamps,  will  be  in- 
terested in  the  new  "Golden  Glow"  mine 
locomotive  headlight  recently  announced 
by  the  Esterline  Company,  of  Indianap- 
olis. This  headlight  is  similar  in  design 
to  the  "Golden  Glow"  railway  head- 
lights, which  have  been  so  widely 
adopted  because  of  their  mirrored  glass 
refiectors  and  fog-penetrating,  non- 
blinding    light.      The    new    headlight    is 


The  entrance  of  the  Prest-0- 
l.ite  Company,  Inc..  of  Indian- 
a|iolis,  into  the  electric  lighting 
field  has  just  been  aimounced. 
The  company  is  now  manufac- 
turing the  Prest-0-Lite  storage 
battery.  Of  no  less  interest 
will  lie  the  fact  that  the  Prest- 
O-Lite  Company,  with  its  ser- 
vice system,  including  thirty- 
five  factory  branches  and  more 
than  twenty  thousand  agencies 
throughout  the  country,  aims  to  place 
lieliind  the  Prest-0-Lite  battery  a  sys- 
tem of  service  stations  of  unusual 
character  and  scope.  Notwithstanding 
the  popular  impression  that  the  wide- 
spread use  of  electric  illumination  on 
automobiles  has  adversely  affected  the 
gas-lighting  industry,  the  Prest-O-Lite 
Company  states  that  the  use  of  gas 
lighting  in  automobile  practice  is  to- 
day larger  than  ever  before  and  is 
still  growdng.  However,  instead  of  pur- 
suing the  controversy  between  the  elec- 
tric and  gas  factions  in  the  automo- 
bile field,  it  will  be  apparent  that  thc 
Prest-O-Lite  Company  has  placed  itself 
in  position  where  it  not  only  can  furnish 
either  kind  of  illumination,  but  can  also 
furnish  the  extensive  Prest-O-Lite  ser- 
vice on  either  kind,  .^s  a  part  of  its 
activity  in  its  new  field,  the  Prest-O- 
Lite  Company  on  June  I  purchased  and 
absorbed  the  entire  business  of  the 
Pumpellv  Battery  Company,  of  Indian- 
aiiolis.  Mr.  Harry  Murphy,  president  of 
the  Pumpelly  Battery  Company,  becomes 
a  vice  president  of  the  Prest-O-Lite 
Company,  in  a<ldition  to  the  company's 
liresent  vice  president  and  treasurer,  Mr. 
James  .\.  .\llison.  Mr.  Murphy  will  have 
active  charge  of  the  Prest-O-Lite  bat- 
tery department. 
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Development 


The  subject  of  hydro-electric  develop- 
^        "  ment  is  well  worth  the  attention  and 

Electric  serious  thought  of  everyone  interested 

in  electrical  matters.  ^^'hile  much 
progress  has  been  made  in  the  past 
few  years  in  the  harnessing  of  the  water  powers  of  this 
country,  the  ultimate  development  has  only  begun. 
Economics  require  and  demand  the  utilization  of  many 
powers  as  yet  untouched.  The  development  of  hydraulic 
power  has  doubtless  been  retarded  considerably  by  the 
rapid  development  and  decreasing  cost  of  steam  ma- 
chinery which  has  come  about  since  the  introduction  of 
the  steam  turbine.  Today  the  steam  turbine  plant  of 
say  20  000  kilowatts  capacity,  or  more,  can  be  built  at 
less  than  one-third  of  what  a  plant  of  the  same  capacity 
would  have  cost  a  few  years  ago.  and  this  with  much 
higher  operating  economies  both  as  to  fuel  and  labor. 
It  is  perhaps  too  much  to  expect  corresponding  progress 
in  steam  machinery  in  the  future,  and  therefore  we  can 
look  for  more  and  more  development  along  hydro- 
electric lines. 

Another  consideration  which  has  undoubtedly  re- 
tarded the  development  of  such  hydro-electric  plants, 
especially  in  the  eastern  parts  of  our  country,  is  the 
wide  variation  in  the  flow  of  our  streams  through  the 
different  seasons  of  the  year.  It  is  the  belief  of  the 
writer  that  much  can  be  done  in  the  future  to  help  this 
situation  by  proper  impounding  of  streams. 

Our  immediate  sources  of  power  supply  are  in  our 
coal  and  oil  deposits  and  in  our  water  powers.  Coal  is 
gradually  increasing  in  price,  due  first,  to  a  steadily 
increasing  demand,  and,  second,  to  an  increasing  cost  of 
production,  as  the  workings  become  deeper  and  labor 
more  expensive.  Whh  the  most  modern  steam  plant, 
from  five  to  six  tons  of  good  coal  are  required  to  pro- 
duce a  kilowatt-year,  on  the  basis  of  a  40  percent  load- 
factor,  or  say  ten  hours  per  day  service,  or  a  total  cost 
of  say  fifteen  dollars  per  annum,  an  amount  sufficient 
to  indicate  generally  the  profitable  development  of  any 
fair-sized  hydro-electric  proposition,  reasonably  con- 
tiguous to  a  suitable  market,  even  though  rainfall  and 
run-ofif  are  of  such  a  nature  as  to  insure  full  power  for 
six  to  eight  months  per  annum  only.  Such  an  hydro- 
electric installation  would,  of  course,  have  to  be  oper- 
ated in  conjunction  with  another  and  independent  source 
of  power,  such  as  a  steam  plant,  and  should  be  looked 
upon  as  a  relay  thereto.  It  would  then  be  more  than 
probable  that  nearly  the  entire  run-off  could  be  utilized 
during  the  months  of  high  water,  and  hydraulic  power 
used  to  meet  all  demands  within  the  capacity  of  the 


installation  for  the  full  twenty- four  hours,  the  steam 
plant  being  used  only  for  excess  loads  beyond  the  ca- 
pacity of  the  hydro-electric  installation  ;  while  by  proper 
and  suitable  impounding  the  hydraulic  plant  could  be 
called  upon  to  carry  all  peak  loads  and  relieve  the  steam 
plant  through  the  balance  of  the  year  and  during  the 
periods  of  low  water. 

The  water  powers  of  the  country  are  just  as  truly  a 
source  of  wealth  as  are  the  deposits  of  ore  or  fuel,  with 
this  dift'erence,  however,  that  while  the  ore,  if  unmined, 
is  in  the  ground  available  to  posterity,  the  water  power 
unused'  today  represents  energy  and  a  source  of  wealth 
forever  lost  to  the  use  of 'man.  True  conservatism 
would,  therefore,  seem  to  demand  the  prompt  develop- 
ment and  utilization  of  such  power  as  can  be  econom- 
ically brought  to  market,  with  the  direct  conservation  of 
the  fuel  that  would  otherwise  have  been  burned — fuel 
unmined,  in  reality  cash  in  the  liank  for  posterity. 

.  C.  S.  Cook 


The 


Waterwheel 


Those  who  are  familiar  with  the  earlv 
hydraulic     development     at     Xiagara 
Modern  Falls    will    remember   the    curtain    of 

water  that  enshrouded  the  river  bank 
where    the    plants    of    the    Hydraulic 
I'ower  &  Mfg.  Company  now  stand.     This  curtain  of 
water,  now  vanished,  constituted  a  more  eloquent  com- 
mentary upon  the  remarkable  advance   in   waterwheel 
design  and  construction  of  recent  years  than  can  anv 
mere  words.     This  earhest  of  the  hydraulic  canals  at 
Niagara  made  available  at  the  bank  of  the  river  a  head 
of    about    215    feet.      The    waterwheels    then    available 
could  use  only  a  ridiculously  small  part  of  this  total 
head,  varying  from  perhaps  15  or  20  feet  as  a  minimum 
u])  to  perhaps  40  or  50  feet  as  a  maximum.    After  escap- 
ing from  the  wheels  under  this  head  the  water  fell  use- 
lessly down  the  face  of  the  bank  for  the  remainder  of 
the  distance,  much  to  the  detriment  of  the  scenic  beauty 
of  the  bank  as  well  as  to  the  advertisement  of  the  short- 
comings of  the  then  existing  waterwheels.     All  this  is 
now  changed.     The  former  curtain  of  water  has  dis- 
appeared and  in  its  place  have  appeared  a  number  of 
penstocks  that  conduct  the  water  to  the  power  plants 
located  at  the  water's  edge,  where  every  available  ounce 
of  pressure  is  extracted  before  it  is  discharged  into  the 
lower  river.    The  15  or  20  feet  head  that  the  waterwheel 
designer  found  as  his  limit  some  40  years  ago  has  given 
place  not  only  to  the  full  215  feet  of  head  available  at 
Xiagara  but  has  advanced  far  beyond  that.    In  some  of 
our  Western  developments,  hydraulic  heads  exceeding 
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2500  feet  have  been  successfully  used  in  a  single  wheel 
and,  further,  the  efficiency  attained  far  exceeds  that  of 
the  early  Niagara  practice  over  the  comparatively  small 
heads  that  then  formed  the  maximum  limit. 

It  is  not  often  that  one  can  refer  to  so  conclusive  and 
evident  a  demonstration  of  the  advance  in  an  art  as  is  the 
case  here.  The  vvaterwheel  designer  has  made  remark- 
able advances  in  the  last  40  years  and  the  true  extent 
of  those  advances  can  be  seen  only  by  comparing  the 
results  then  with  the  results  now. 

The  only  limit  in  head  that  the  waterwheel  designer 
now  recognizes  is  that  imposed  by  the  strength  of  avail- 
able materials.  Further,  in  the  matter  of  efficiency,  the 
designer  is  approaching  the  maximum  possible.  Water- 
wheel  efficiencies  of  90  percent  are  not  uncommon  in 
these  modern  times.  Perfection  itself  could  add  but  a 
matter  of  some  ten  percent  to  the  best  of  modern  prac- 
tice. It  is  obvious,  therefore,  that  further  advances  of  a 
revolutionary   character   need   not  be  expected   in   this 


direction. 


P.  M.  Lincoln 


Speed 
Regulation  in 
Hydro-Electric 

Plants 


.'Success  or  failure  for  many  hydro- 
electric installations  has  depended 
upcjii  tlie  degree  to  which  proper 
speed  regulation  has  been  provided. 
Any  data  referring  to  speed  regulation 
of  hydro-electric  plants  is,  however, 
necessarily  very  general  in  character,  as  practically 
every  installation  has  individual  characteristics  which 
must  be  considered  before  drawing  any  conclusions. 

The  duly  imposed  on  the  governing  mechanism  is 
dependent  in  a  large  measure  on  the  characteristics  of 
the  hydraulic  system  and  the  flywheel  effects  in  the  rotat- 
ing elements,  as  pointed  out  in  the  article  in  this  issue 
by  Mr.  F.  D.  Newbury.  Several  governors  are  now 
available  which  will  give  speed  regulations  to  meet  the 
most  exacting  commercial  rctiuirements,  provided  they 
are  not  handicapped  by  hydraulic  conditions,  this  being 
accomplished  with  only  such  flywheel  effect  as  is  ]:)resent 
in  normally  designed  alternating-current  rotors.  They 
will  open  or  close  turbine  gates  in  from  one  to  two  sec- 
onds, and  are  practically  dead  beat,  being  free  from  the 
tendency  to  hunt  or  race  which  has  characterized  many 
governors  of  the  past. 

Generally  speaking,  owing  to  the  smaller  relative 
load  changes,  the  larger  the  capacity  of  the  plant  or  sys- 
tem of  inter-connected  plants,  the  better  the  speed  regu- 
h.tion.  The  character  of  the  load  is  also  a  significant 
factor.  Probably  the  worst  condition  would  be  a  plant 
of  rather  small  capacity  operating  a  railroad  equipped 
with  locomotives  hauling  heavy  trains.  The  other  ex- 
tieme  might  be  an  industrial  plant  with  a  large  number 
of  small  motors,  operating  apparatus  such  as  centrifugal 
[•.nmps  and  blowers,  whose  power  requirements  vary  at 
a  materially  greater  rate  than  their  speed. 

As  a  criterion  of  what  can  be  accomplished,  the  in- 
stallation of  a  3000  kilowatt  unit  may  be  cited,  the 
hydraulic  conditions  being  approximately  those  of  an 


open  flume  with  medium  length  draft  tube.  However, 
owing  to  the  fact  that  velocity  in  the  feeder  was  about 
5c  percent  higher  than  in  ordinary  practice,  the  condi- 
tions for  speed  regulation  were  rather  bad.  With  a 
generator  of  normal  flywheel  effect  the  governor  manu- 
facturer guaraiUeed  on  an  instantaneous  change  in  load 
of  100  percent  an  increase  or  decrease  in  speed  not  to 
exceed  25  percent ;  on  75  percent  change  in  load  not  more 
than  9.5  percent,  and  for  25  percent  change  in  load  not 
more  than  three  jjercent.  A  careful  test  showed  these 
guarantees  to  be  conservative.  When  this  unit  was 
operated  in  parallel  with  a  system  of  about  12000  kw 
capacity  it  was  required  to  regulate  the  speed  of  the 
entire  system,  all  the  other  governors  being  cut  out.  A 
change  in  load  equal  to  the  total  capacity  of  the  unit 
showed  a  speed  variation  of  less  than  two  percent;  a 
change  equal  to  50  percent  of  its  capacity  showed  a  speed 
regulation  within  one  percent ;  and  under  ordinary 
operating  conditions  the  speed  regulation  was  main- 
tained within  one-half  of  one  percent.  These  were 
better  results  than  were  obtained  with  a  modern  steam 
turbine  of  approximately  the  same  capacity,  connected 
to  the  same  system  and  subjected  to  the  same  conditions. 

Excepting  in  rare  cases,  extra  flywheel  effect  is  re- 
quired only  when,  owing  to  the  time  it  takes  to  accelerate 
o'-'  retaid  water  in  feeders  and  draft  tubes,  a  slower  gate 
movement  is  used  (governors  boing  adjustable  in  this 
respect).  It  is  imj)ortant  to  consider  the  draft  tube,  as 
it  is  possible  with  a  long  draft  tube  and  quick  moving 
governor,  that  the  inertia  of  the  water  may  create  a 
vacuum  which  not  only  renders  speed  regulation  impos- 
sible, but  incurs  the  danger  of  atmospheric  pressure 
fcrcing  water  back  again  up  the  draft  tube  and  wreck- 
ing the  Inrliine. 

In  plants  utilizing  heads  of  100  to  200  feet  and  under, 
it  is  ])raclical  to  restore  approximately  open  flume  con- 
ditions by  the  use  of  stand  pipes  or  surge  tanks;  there- 
fore, excc])ling  for  plants  subjected  to  very  large  rela- 
tive load  changes — for  example,  instantaneous  changes 
of  50  percent  of  plant  capacity— extra  flywheel  effect  is 
not  rciiuircd.  In  ])lants  utilizing  heads  above  200  feet, 
ii  is  usually  necessary  to  resort  to  relief  valves  which 
;ir.swer  the  purpose  on  load  reduction,  but  obviously 
cannot  be  of  any  assistance  on  an  increase  in  load.  In 
this  class  of  plants  extra  flywheel  effect  may  be  required 
to  maintain  speed  during  the  time  it  takes  the  water  in 
the  feeders  to  accelerate. 

In  general  it  has  been  the  writer's  experience  that 
with  the  waterwheel  governors  now  available,  in  connec- 
tion with  properly  designed  gates  and  gate  connections, 
e.\tra  tly wheel  effect  is  only  required  on  small  systems 
subject  to  very  large  relative  load  changes.  This  is  pre- 
supposing that  attention  has  been  given  to  the  hydraulic 
design,  as  referred  to  speed  regulation.  Attempting  to 
neutralize  the  effect  of  bad  hydraulic  conditions  with 
extra  flywheel  effect  usually  results  in  an  excessive  cost 
which  could  l)e  more  effectively  applied  to  improving 
hydraulic  conditions.  J.  H.  Wilson 
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IX  CONSIDERING  this  sul)jecl,  it  will  be  advisable 
tlrst  to  consider  very  briefly  the  various  sets  of 
hydraulic  conditions  met  with  in  practice,  that  are 
important  from  the  standpoint  of  speed  fluctuation.  The 
simplest  conditions  exist  when  the  inertia  of  the  water 
enters  into  the  problem  to  the  least  extent.  If  it  were 
not  for  the  fact  that  the  moving  water  column  possesses 
considerable  inertia  and  kinetic  energy  the  problem  of 
governing  waterwheel  units  would  be  much  simpler. 

In  a  turbine  in  an  open  flume,  and  with  short  draft 
tube,  speed  fluctuation  may  be  considered  without  re- 
gard to  water  inertia.  The  minimum  possible  speed 
change  is  deter- 
mined  simply  by 
the  quickness  of 
operation  for 
which  the  govern- 
ing mechanism  can 
be  economically  de- 
signed  and  the 
a  V  ailable  flywheel 
effect  of  the  ro- 
tating parts  ;  a  n  d 
the  maximum  al- 
1  o  w  a  b  1  e  speed 
change  is  deter- 
mined  by  the  great- 
est change  compat- 
ible with  satisfac- 
tory electric  power  service.  When  water  is  supplied 
to  the  wheel  through  a  long  penstock  under  high 
pressure,   or   when    larger   masses    of    water   at   lower 


FIG.    I — .\  658S   K.V.A.   HOUIZO.XT.M.   W.MERWHEEL   UNIT   WITH    FLYWHEEL 

One  of  four  installed  at  the  Salmon  River  Development,  Altmar,  N.  Y. 


be  delivered  to  the  wheel  will  be  still  determined  by  the 
rate  at  which  the  mass  of  the  water  column  can  be  accel- 
erated. Under  these  conditions  the  movement  of  the 
gates  must  be  relatively  slow,  and  to  prevent  excessive 
speed  drop  during  this  time  considerable  flywheel  effect 
is  required  in  the  moving  parts  of  the  machinery.  In  the 
case  of  a  sudden  decrease  in  load,  slow  movement  of  the 
gates  is  also  necessary  in  order  to  avoid  excessive  pres- 
sure rise  in  the  penstock,  so  here  also  large  flywheel 
eft'ect  is  required. 

There  are  various  hydraulic  expedients  that  may  be 
employed  to  bring  the  conditions  just  described   more 

nearly  in  line  with 
the  favorable  con- 
dition of  an  open 
flume.  Relief 
valves  operated  by 
the  governor,  and 
located  at  the  tur- 
bine casing  or  in 
the  penstock  near 
the  turbine,  make 
it  possible  to  safely 
use  a  quick  gate  ac- 
tion. With  sudden 
closure  of  the  gates 
t  o  r  decrease  i  n 
load,  relief  valves 
I)revcnt    a    danger- 


ous rise  in  pressure,  but  they  cannot  help  matters  in 
the  case  of  a  sudden  increase  in  load,  as  they  can- 
not increase  the  acceleration  of  the  water  column, 
pressures  are  involved — in  other  words,  when  there  So  even  with  relief  valves  considerable  flywheel  ef- 
is    a    closed    water    column    possessing    considerable     feet   is   necessary.     A   regulating   reservoir,   or   stand- 


inertia  and  kinetic  energy — the  problem  of  speed  regu- 
lation becomes  primarily  a  hydraulic  problem.  Faulty 
design  will  not  result  merely  in  a  difference  in  the 
degree  of  regulation,  as  in  a  turbine  in  an  open  flume, 
but  may  mean  the  difference  between  complete  fail- 
ure and  success  of  the  installation.  Under  these  con- 
ditions the  mass  and  inertia  of  the  moving  water  de- 
mand first  consideration.  In  the  case  of  a  sudden  in- 
crease in  load  the  gates  cannot  be  opened  too  suddenly, 
because  areas  of  low  pressure  may  thereby  be  estab- 
lished in  the  penstock,  resulting  in  a  momentary  decrease 


pipe,  located  near  the  turbine  provides  a  more  com- 
plete solution  of  the  hydraulic  problem.  The  effect 
of  such  a  device  is  to  reduce  the  effective  length 
and  mass  of  the  water  column  to  that  existing  be- 
tween the  turbine  and  regulating  reservoir.  The  hy- 
draulic conditions  may  then  very  nearly  approach  the 
ideal  condition  of  an  open  flume.  A  by-pass  or  deflect- 
ing nozzle  is  sometimes  employed  in  order  to  vary  the 
energy  delivered  to  the  wheel  without  changing  the 
amount  or  velocity  of  the  water  in  the  supply  line. 
Whether  these  several  devices  are  used,  and  whether 


in  energy  delivered  to  the  wheel,  contrary  to  the  desired  their  use  can  replace  or  only  supplement  flywheel  effect 

result,  and  possibly  resulting  in  structural  damage  to  in  the  machine  rotors,  is  a  problem  that  can  only  be 

the  penstock.    But  even  should  it  be  feasible  to  open  the  solved  when  all  of  the  factors  of  the  individual  case  are 

gates  instantly,  the  rate  at  which  additional  energy  can  taken  into  consideration. 
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HOW   KLYWiiEEL  iciKECT  INFLUENCES  SPEED  ators  ami  ill  reciprocating  engine-driven  generators.    In 

In   considering   the    function    of    flywheel    effect,    a     the    former    the    single    purpose    is    to    restrain    speed 

sharp  distinction  should  be  made  between   momentary       ' m-;  during  the  necessarily  long  period  of  adjust- 

speed  changes  or  speed  fluctuations 
and  slow  changes  or  adjustments 
due  to  the  speed-load  characteristic  JH^^^^^^^^^BL  ''-N 


of  the  wheel  and  governor,  or  what 
is  properly  called  speed  regulation. 
All  prime  njovers  that  operate  to- 
gether to  supply  power  to  a  com- 
mon load  must  operate  at  a  lower 
speed  when  loaded  than  when  un- 
loaded, in  order  that  the  several 
prime  movers  will  pro])erly  divide 
the  load. 

It  is  also  well  lo  ditTerentiate 
between  the  function  of  flywheel 
effect  in   walerwheel-driven   gener- 


,;iminatcd  steel  spickr  used   for  small 
moderate  speed  generators. 


ment  of  input  to  output ;  in  the  lat- 
ter the  most  important  function  is 
to  prevent  the  excessive  changes  in 
angular  velocity  during  a  single 
i\\iilution  that  would,  otherwise,  be 
caused  by  the  varying  lorfjue  deliv- 
ered by  the  engine  cylinders.  While 
with  engine-driven  units  flywheel 
effect  is  important  from  the  stand- 
point of  steady  parallel  operation, 
ihis  is  not  the  case  with  waterwheel 
installations. 

I'lywhecl  effect  in  waterwheel 
units  influences  the  speed  only  with 
sudden  changes  in  load,  ami  during 


Heavy  cast  steel  spider  used  for  generators  of  medium 
size  and  speed. 


Heavy  plate   spider   used   for  mmieraie   and   large   size, 
high  speed  generators. 


Spider  (without  poles)  with  cast  steel  hub  and  arms  and 

laminated  rim.     Used  for  the  largest  moderate 

speed  generators. 


Light  cast  steel  spider  used  for  the  lowest  speed  gener- 
ators.    The  greater  part  of  the  rotational  inertia 
is  due  to  the  poles  and  field  coils. 


nC.    3 — W.MERWHEEt,    GENERATOR    ROTORS 

Illustrating  the  wide  range  in  types  of  construction  and  the  consequent  difltcrences  in  flywheel  efliect. 
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the  short  time  interval  during;  which  the  hydrauHc  con- 
ditions are  changing  to  meet  the  new  load  condition. 
In  other  words,  the  tlywheel  effect  comes  into  play  only 
when  there  is  a  difference  between  the  energy  input  to 
the  wheel  and  the  energy  output.  Assume  that  a  gen- 
erator is  carrying  its  rated  load;  the  unit  is  receiving 
energy  from  the  water  at  a  sufficient  rate  to  maintain 
normal  speed  and  power  output.  Then  assume  that  the 
load  is  materially  decreased.  The  unit  will  be  receiv- 
ing excess  energy  until  the  governor  reduces  the  energy 
supply  to  meet  the  reduced  load.  During  this  interval 
of  adjustment  the  excess  energy  will  be  stored  in  the 
rotor  through  an  increase  in  speed,  and  this  increase 
will  be  determined  l)v  the  excess  energy  to  be  stored  and 
the  capacity  of  the  rotor  to  store  energy.  The  excess 
energy  is,  of  course,  the  product  of  the  average  excess 
power,  expressed  in  kilowatts  or  horse-power,  and  the 
time  taken  by  the  governor  and  water  column  for  the 
readjustment  to  the  new  conditions.  The  capacity  of 
the  flywheel  to  store  energy  depends  on  its  mass  and  its 
velocity  or,  expressed  as  a  formula,  the  kinetic  energy 
(as  of  any  moving  body)  is  1/2  Mv-.  This  fundamental 
expression,  changed  to  suit  the  specific  conditions  of  the 
present  case,  becomes  : — 

Kinetic  Energy  =  ^^  *""   ^-  '^  "'"'  —  0.614  \\r  n' 

oar 
— & 

in  which  W  =  weight  of  rotating  parts  in  pounds; 
r  =  radius  of  gyration  in  feet; 
n  =  revohitions  per  second  ; 
g  ^  gravity  constant  (32.16). 

\\'ith  these  units  the  energy  is  expressed  in  foot- 
pounds-seconds. To  express  the  energy  in  horse-power- 
seconds,  the  unit  ordinarily  used  in  mechanical  prob- 
lems, the  above  constant  is  divided  by  550  and  the 
formula  becomes : — 

Kinetic  Energy  :=  0.00112  W'r"  n" 

This  expression  is  of  interest  because  flywheel 
effect  is  sometimes  expressed — particularly  in  England 
— in  units  of  energy. 

It  will  be  seen  from  these  relations  that  the  capacity 
of  the  rotors  to  store  energy,  and  therefore  the  change 
in  speed  with  a  given  change  in  load  is  proportional  not 
only  to  the  flywheel  effect  (Wr-)  but  also  to  the  square 
of  the  speed.  The  practical  application  of  this  fact  is 
seen  in  the  use  of  flywheels  to  equalize  the  power  taken 
by  hoisting  or  rolling  mill  motors.  The  flywheel  is  not 
placed  on  the  low-speed  motor  shaft,  but  is  jilaced  on 
the  shaft  of  a  high-speed  motor-generator  set  which  sup- 
plies power  to  the  main  motor.  With  this  arrangement, 
and  assuming  speeds  of  50  r.p.m.  for  the  motor  and 
500  r.p.m.  for  the  set,  a  wheel  of  a  given  flywheel  eft'ect 
is  one  hundred  times  as  effective  as  the  same  wheel 
would  be  if  placed  on  the  low-speed  motor  shaft.  Sim- 
ilarly, a  high-speed  motor-generator  set,  even  with  very 
low  flywheel  effect,  may  have  an  appreciable  eft'ect  in 
limiting  speed  fluctuations  in  a  very  low-speed  water- 
wheel  unit.  For  example,  a  flywheel  eft'ect  of  1000  at 
900  r.p.m.  is  equivalent  to  a  flywheel  effect  of  100  000  at 
90  r.p.m.,  or  of  225  000  at  60  r.j).ni. 


QU.\XTITATIVE     REL.\TIOX     BETWEEN     FLYWHEEL    EFFECT 
.\ND   SPEED   CH.^NGES 

If  the  load  on  the  generator  and  wheel  is  suddenly 
reduced  and  the  energy  input  more  slowly  reduced 
through  closure  of  the  gates,  the  speed  will  be  increased 
as  just  explained. 

An  approximate  formula,*  in  common  use  by 
hydraulic  engineers,  that  expresses  this  relation  for  the 
single  conditions  of  full  load  thrown  off'  is  :• — • 

J  _  210000  X  hp  X  t 
Wr=  X  n-' 
where  d  ^  ratio  of  increase  in  speed  to  normal  speed; 
hp  =  full  rated  hp  of  wheel; 
t  =  time  in  seconds  for  gates  to  fully  close ; 
Wr"  =  flywheel  effect  of  rotors ; 
n  =:  iKirmal  speed  in  r.p.m. 

It  will  be  noted  that  the  ratio  of  speed  change  is 
proportional  to  the  time  required  to  close  the  gates;  if 
the  gates  can  be  closed  more  quickly  the  speed  change 
is  reduced.  The  speed  change  is  inversely  proportional 
to  the  flywheel  eft'ect;  as  is  well  known,  if  the  flywheel 
effect  can  lie  increased  the  speed  change  is  reduced.    The 


riG.   3 — HORIZONT.aiL   W.\TERWHEEL  UNIT  WITH    FLYWHEEL  ROTOR 

Speed  change  is  also  inversely  proportional  to  the  square 
of  the  speed.  Due  to  this  latter  relation,  and  to  the 
additional  fact  that  in  designing  low-speed  generators 
the  peripheral  speed  is  made  much  lower  than  for  high- 
speed generators  (the  cost  of  low-speed  generators 
would  be  prohibitive,  if  designed  with  a  sufficiently 
large  diameter  to  secure  the  same  peri])heral  speed  as 
high-speed  generators),  the  speed  variations  with  low- 
speed  generators  of  normal  design  are  much  greater 
than  with  high-speed  generators  of  the  same  k.v.a. 
rating,  other  conditions  being  the  same. 

ABNORMAL    FLYWHEEL    EFFECT 

If  the  flywheel  eft'ect  of  the  normally  designed  gener- 
ator is  not  sufficient  there  are  various  ways  in  which  it 
can  be  increased.  The  most  eft'ective  means  is  by  in- 
creasing the  diameter  of  the  generator.     This  may  not 


*For  the  derivation  and  limitations  of  this  formula  see  a 
paper  on  "Speed  Regulation"  b\-  William  F.  L'hl,  in  the  Journal 
A.  S.  AL  E.,  February,  1911. 
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be  possiljk'  in  the  liigher  speed  units  (since  the  diam- 
eter of  the  normally  designed  unit  is  usually  as  large  as 
the  strength  of  the  materials  will  permit),  and  may  be 
undesirable  with  the  lower  speed  units,  on  account  of 
increased  cost,  floor  space  (particularly  in  vertical 
units)  and  windage  noise  and  loss.  If  it  is  impossible 
or  undesirable  to  design  the  generator  with  a  larger 
diameter,  it  is  still  possible  to  increase  the  normal  fly- 
wheel effect  to  a  limited  degree  by  increasing  the  weight 
of  the  rotor.  Since,  however,  this  increased  weight  can- 
not be  placed  readily  at  a  greater  diameter  than  the 
spider  rim,  it  is  equivalent  to  obtaining  flywheel  effect 
by  means  of  a  small-diameter  flywheel,  which  is  obvi- 
ously uneconomical.  The  addition  of  this  material  also 
interferes  to  some  extent  with  the  cooling  of  the  gen- 
erator field  coils  anfl  armature,  and  so  requires  more 
material  for  a  given  rating  and  [jcrformance.  A  rotor 
of  this  type  is  shown  in  Fig.  3.  In  slow-speed  gener- 
ators, with  which  questions  of  additional  flywheel  effect 
more  often  arise,  it  is  seldom  possible  to  economically 
increase  the  flywheel  effect  by  more  than  50  percent  by 
adding  material  to  the  rim. 

A  construction  for  increasing  flywheel  effect  which 
has  been  suggested  and  used  in  Europe  to  some  extent 
for  gas  engine-driven  alternators  consists  of  an  external 
rotating  field,  which  secures  a  large  diameter  for  the 
rotor  without  increasing  the  overall  diameter  of  the  gen- 
erator. The  difficulty  with  this  construction  is  the  ven- 
tilation and  cooling  of  the  internal  stationary  armature, 
and  it  can  only  be  used  econotnically  in  the  relatively 
few  cases  where  the  armature  is  for  other  reasons  so 
large  in  comparison  with  the  losses  that  real  ventilation 
is  not  required.  In  this  connection  it  is  interesting  to 
recall  that  the  first  watcrwheel  generators  built  for 
Niagara  Falls  were  designed  with  an  external  rotating 
field,  in  order  to  nl)tain  the  flywheel  effect  desired  by 
the  hydraulic  engineers.  Considerable  difiicuUy  was  ex- 
perienced in  securing  ade(|uate  ventilation  and  actual 
operation  showed  tiiat  this  large  flywheel  effect  was  not 
required  because  of  the  relatively  small  load  changes 
that  occurred.  For  these  reasons  later  generators  for 
the  same  plant  were  built  with  internal  rotating  parts  in 
accordance   with   present   .standard   practice. 

SPICED  FLl-CTU.\TION  IN  PRACTICE 

It  is  sometimes  found  that  speed  changes  in  opera- 
tion are  much  less  than  those  calculated  on  the  basis  of 
the  assumed  maximum  load  change.  One  reason  for 
this,  of  course,  is  that  actual  load  changes  are  often  less 
than  those  assumed.  In  the  extreme  case  the  new  plant 
may  be  operated  in  parallel  with  a  steam  station  and  so 
regulated  that  the  water  power  jilant  takes  a  constant 
load  and  the  steam  power  plant  takes  the  fluctuations. 
Under  these  conditions  the  question  of  flywheel  effect 
needs  little  consideration.  Ordinarily  the  require<l  fly- 
wheel effect  is  calculated  on  the  assumption  that  full 
load  is  disconnected.  This  is  rarely  an  operating  condi- 
tion, or  if  it  is,  speed  and  frequency  changes  are  of  sec- 
ondary importance.    When  partial  loads  are  considered, 


the  speed  change  is  often  assumed  to  he  [noportional  to 
the  load  change;  for  example,  if  the  calculated  speed 
change  when  full  load  is  disconnected  be  twenty  percent, 
it  is  assumed  that  the  corresponding  figure  for  half  load 
will  be  ten  percent.  As  a  matter  of  fact  many  governors 
are  so  designed  that  the  speed  change  for  half  load  will 
be,  ])ossibly,  five  percent  instead  of  ten  percent  under  the 
assumed  conditions. 

.Another  and  less  freciuently  recognized  reason  for 
this  discrepancy  between  performance  and  calculation 
is  the  existence  of  considerable  flywheel  effect  in  the 
system  that  is  ordinarily  neglected  in  calculating  speed 
change.  Usually  the  flywheel  effect  of  the  generator 
rotor  is  the  only  inertia  effect  considered.  In  some 
cases,  particularly  in  low-head,  low-speed  plants,  the 
waterwhcel  runner  has  a])preciable  flywheel  effect,  and 
the  mass  of  water  rotating  with  the  runner  has  even 
greater  inertia.  In  systems  employing  rotary  converters, 
motor-generator  sets  or  frequency-changer  sets,  the 
rotational  inertia  of  this  secondary  electrical  machinery 
may  be  of  considerable  importance.  The  frequency  of 
the  generators  cannot  be  changed  without  accelerating 
.ill  of  the  alternating-current  machinery  connected  to  the 
circuit,  so  that  its  inertia  is  just  as  effective  as  if  it 
existed  in  the  generator  rotor.  This  statement  assumes, 
of  course,  that  the  synchronous  secondary  apparatus 
does  not  drop  out  of  step,  and  this  will  be  true  in  any 
ordinary  case.  Furthermore,  if  the  generator  speed  is 
low  and  the  driven  apparatus  operates  at  high  speed,  the 
oflect  of  the  inertia  of  the  latter  is  multiplied  many 
times. 

It  almost  seems  that,  in  advocating  large  flywheel 
effect  to  secure  sinall  speed  fluctuation,  some  engineers 
lose  sight  of  the  fact  that  small  speed  fluctuation  is  not 
the  ultimate  entl  in  view :  they  apjiarently  forget  that  it 
is  merely  the  means  to  the  ultimate  end  of  economical 
and  satisfactory  electric  power  supply.  Speed  fluctua- 
tions affect  the  electrical  sy.stem  only  by  producing 
momentary  changes  in  fre(|ucncy  and  voltage:  in  very 
tew  applications  of  electric  power  are  momentary  varia- 
tions in  frequency  objectionable.  The  electrical  and 
magnetic  effects  of  the  change  in  load  will  usually  ])ro- 
duce  greater  variations  in  voltage  than  will  the  corre- 
sponding change  in  speed,  so  that  in  any  system  subject 
to  ra()id  or  wide  fluctuation  in  load  automatic  regu- 
lators for  holding  the  voltage  constant  are  required. 
With  a  voltage  regulator  in  use,  variations  in  voltage 
due  to  change  in  s])eed  arc  also  eliminated.  These  facts 
should  be  considered  in  determining  the  permissible 
speed  fluctuation  and  the  necessary  flywheel  effect. 

USE  OF  EXTERNAL    FLYWHEELS 

There  are  without  question  special  conditions  that 
require  abnormally  large  flywheel  effect  for  proper 
speed  and  fre(|uency  control.  In  such  cases  the  desired 
flywheel  effect  is  several  times  that  of  the  economically 
designed  generator,  and  it  can  only  be  obtained  by 
greatly  increasing  the  diameter  of  the  generator  or  by 
providing   an    entirely    .separate    flywheel.      W'ith    low- 
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speed  units  the  diameter  can  usually  be  increased  safely, 
and  an  abnormal  tjenerator  design  may  be  the  most 
economical  solution.  In  other  cases  a  flywheel,  either 
mounted  on  the  generator  shaft  or  driven  by  a  separate 
motor  as  described  later,  may  prove  better.  With  high- 
speed horizontal  shaft  units  the  separate  flywheel  on  the 
generator  shaft  is,  in  most  cases,  the  only  feasible 
solution. 

MOTOR-DRIVEN   FLYWHEEL  SETS 

While  external  flywheels  can  be  readily  added  to 
horizontal  shaft  units,  and  while  they  are  the  most  eco- 
nomical means  for  obtaining  additional  flywheel  effect 
when  the  generator  speed  is  high,  they  can  be  used  with 
vertical  shaft  units  in  many  cases  only  with  considerable 
mechanical  complication.  This  is  particularly  true  with 
low-speed,  low-head  units,  but  it  is  with  these  units 
that  additional  flywheel  efl^ect  is  more  often  required. 
Fortunately,  it  is  not  necessary  that  the  flywheel  be  con- 
nected mechanically  to  the  generator ;  it  may  be 
connected  electrically  by  mounting  it  on  the  shaft  of  a 
suitable  synchronous  or  induction  motor,  connecting  the 
motor  armature  winding  solidly  and  permanently  to  the 
winding  of  the  generator.  This  electrical  connection  is 
eft'ective,  because  any  increase  in  speed  of  the  water- 
wheel  will  be  accompanied  by  a  simultaneous  increase  in 
speed  of  the  motor  and  flywheel.  The  flywheel,  there- 
fore, will  absorb  or  give  up  energy  with  changes  in  speed 
just  as  if  it  were  a  part  of  the  main  rotating  element. 
W'hen  the  flywheel  is  rotated  by  a  separate  motor  its 
speed  may  be  selected  without  reference  to  the  speed  of 
the  generator,  so  that  a  light  flywheel  at  high  speed  may 
be  used  instead  of  a  heavy  flywheel  in  case  the  gener- 
ator speed  is  low.  This  is  the  justification  for  an  addi- 
tional rotating  unit.  As  far  as  the  writer  knows  this 
scheme  has  not  been  used  in  regular  commercial  service 


except  in  so  far  as  motor-generator  sets  and  similar 
apparatus  exercise  this  function.  A  quantitative  idea  of 
this  scheme  can  be  gained  from  the  following  figures : — 

A  450  k.v.a.,  80  percent  power-factor  60  r.p.m.  gen- 
erator of  normal  electrical  design  may  have  a  flywheel 
eft'ect  of  300  000  pounds  at  one  foot  radius.  With  a 
governor  designed  to  completely  close  the  gates  in  one 
and  one-half  seconds  the  calculated  speed  variation 
when  full  load  is  disconnected  is  54  percent.  By  the  use 
of  a  wheel  having  a  flywheel  effect  of  only  2200  pounds 
at  one  foot  radius,  driven  by  a  900  r.p.m.  motor,  this 
speed  fluctuation  is  reduced  to  20  percent.  The  flywheel 
eft'ect  of  2200  at  900  r.p.m.  is  equivalent  to  the  addition 
of  500000  pounds  at  one  foot  radius  at  the  generator 
speed  of  60  r.p.m.  The  maximum  momentary  load  on 
the  motor  would  be  less  than  200  kw,  and  the  continuous 
load  would  be  merely  the  losses  of  the  set. 

Aside  from  the  gain  in  floor  space  and  cost  that  will 
be  found  in  many  cases,  the  use  of  the  motor-driven  fly- 
wheel set  has  two  other  important  advantages : — First, 
in  case  of  doubt  as  to  the  load  characteristics  in  a  new 
[jlant,  and  consequently  as  to  the  flywheel  eftect  re- 
quired, it  is  unnecessary  to  "play  safe"  and  install  gen- 
erators having  the  maxinuun  flywheel  effect.  Econom- 
ically designed  generators  can  be  installed  and  provision 
made  for  the  installation  of  additional  flywheel  effect  by 
motor-driven  flywheels  at  a  later  date  in  case  operating 
results  show  it  to  be  necessary  ;  and  second,  a  synchron- 
ous motor  can  be  used  to  drive  the  flywheel  and  also  to 
act  as  a  synchronous  condenser,  still  further  reducing 
the  size  of  the  low-speed  generators. 

It  should  be  emphasized  that  it  will  prove  economical 
to  use  an  additional  electrical  unit  to  drive  the  flywheel 
or  to  supply  wattless  current  only  when  there  is  a  wide 
difference  in  the  speeds  of  the  generators  and  of  the 
flywheel  set. 


The  Vertical  Waterwheel  Generator 


u 


XTIL  recently  most  low-head  water  power  devel- 
opments were  considered  of  doubtful  value. 
When  vertical  waterwheels  were  connected  to  a 
horizontal  line  shaft  through  bevel  gears,  as  shown  in 
Fig.  I,  the  installation  was  inefificient.  On  the  other 
hand,  whenever  the  older  designs  of  single  or  multiple- 
runner  waterwheels  were  directly  coupled  to  vertical 
generators,  the  cost  was  excessive.  In  recent  years, 
however,  improvements  in  the  design  of  both  the 
hydraulic  and  vertical  electrical  units  have  increased 
their  efficiency  and  reduced  their  cost.  Moreover,  the 
increasing  price  of  coal  has  warranted  the  expenditure 
of  larger  sums  in  water  power  developments,  so  that  a 
considerable  number  of  installations  employing  the 
newer  types  of  apparatus,  such  as  shown  in  Fig.  2,  have 
now  been  made,  and  the  apparatus  has  proven  entirely 
satisfactory  under  regular  service  conditions. 


li.  D.  Stephens 

Railway  &  Lighting  Dept. 

Westinghouse  Electric  &  Mfg.  Company 

On  account  of  the  characteristics  of  low-head  water 
turbines,  the  vertical  waterwheel  generator  nuist  run  at 
relatively  low  speeds.  For  this  reason  both  the  mechan- 
ical and  electrical  design  of  the  machine  differs  consid- 
erably from  that  of  high-speed  horizontal  generators. 

MECHANICAL    FEATURES 

In  a  vertical  unit  the  method  of  supporting  the 
rotating  element  is  one  of  the  most  important  consid- 
erations. Early  installations  usually  employed  a  pres- 
sure bearing  mounted  underneath  the  waterwheel ;  this 
bearing  was  inaccessible.  Later  it  became  somewhat 
common  practice  to  mount  a  roller  bearing  between  the 
generator  and  waterwheel,  a  separate  floor  being  built 
in  the  power  house  to  support  this  bearing.  Today  it  is 
almost  universal  practice  to  mount  a  thrust  bearing  on 
top  of  the  generator  frame,  which  is  the  most  accessible 
position  for  it,  and  usually  introduces  the  fewest  com- 
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plications.  This  bearing  carries  not  only  the  weight  of 
the  generator  rotor,  but  also  that  of  the  waterwheel 
runner,  together  with  all  unlialanced  water  thrust.  Al- 
though there  are  several  types  of  thrust  bearings  avail- 
able,  perhaps   the   only   one   which   to   date   has  given 


nc.    I — .\N   E.\RI,V   TYPE  OF   1XSTAI,I..\TI0N    USING    VF.UTIC.M. 
WATERWnKEI.S 

The  waterwlux'ls  won.'  connected  through  bevel  gears  to  a  liori- 
zoiital  line  shaft   from  which   individual  generators  are  1)elted. 

uniformly  satisfactory  results,  on  large  and  small  gen- 
erators, is  that  known  as  the  Kingsbury  type.* 

The  top  bracket,  which  carries  not  only  the  thrust 
bearing  but  also  a  guide  bearing,  requires  careful  de- 
signing. Adequate  strength  to  avoid  appreciable  deflec- 
tion and  vibration  is  essential ;  and  excessive  weight 
should  be  avoided.  Deep  brackets  with  arms  of  "I" 
section,  such  as  shown  in  Fig.  4,  admirably  fulfill  these 
requirements.  Structural  brackets  have  been  suggested 
from  tirne  to  time  on  account  of  their  light  weight,  but 
so  far  have  been  avoided  on  account  of  the  difficulty 
of  making  them  sufficiently  rigid  in  all  directions  to 
avoid  danger  from  vibration. 

In  maintaining  proper  alignment  of  the  generator 
rotor  two  guide  l)earings  are  ustially  provided.  One  is 
mounted  in  the  u|ipcr  bracket,  which  also  supports  the 
thrust  bearing,  and  the  other,  or  lower  guide  bearing,  is 
sujiported    in    another    bracket    which    is    bolted    to    the 


FIG.   2 — A    MODERN    INSTALLATIU.NT    or    Sl,\    l,ZO    K.V.A.,   75    K.l'.M. 
WESTINGHOUSE   UNITS   AT    MARSEILLES,  ILL. 

lower  part  of  the  stator  frame.  The  generator  thus  be- 
comes a  self-contained  tmit.  This  construction,  shown 
in  detail  in  Fig.  5,  has  been  proven  to  be  far  preferable 
to  one  in  which  the  lower  guide  bearing  is  supported 
apart  from  the  generator  frame.  When  the  distance  be- 
tween the  generator  and  waterwheel  is  small  the  lower 


guide  bearing  is  sometimes  omitted,  the  turbine  and 
generator  forming  a  two-bearing  unit.  The  omission  of 
this  lower  generator  bearing  usually  means  that  the 
others  have  to  be  heavier  and  the  shaft  slightly  greater 
in  diameter. 

The  stator  frame  must  be  made  sufficiently  rugged  to 
carry  not  only  the  weight  of  the  armature  punchings  and 
windings,  but  also  of  the  brackets  which  support  the 
guide  and  thrust  bearings.  For  convenience  in  connect- 
ing tip  the  windings  during  installation,  and  in  making 
repairs,  the  cross  connections  of  the  armature  winding 
are  preferably  made  on  the  tipper  side  of  the  stator. 

Mounting  the  generator  frame  on  a  heavy  cast  iron 
beil])late  or  pad  provides  an  easy  means  for  furnishing 
adjusting  screws  for  properly  aligning  the  generator 
with  the  waterwheel  in  the  case  of  a  self-contained  two- 
bearing  generator,  and  is  even  more  desirable  in  the  case 
of  a  generator  having  only  one  bearing  or  a  lower  bear- 
ing supported  independently  of  the  generator  frame. 
This  bedplate  is  grouted  into  the  foundations  and  the 
state  ir   frame  rests  directlv  on   it.  so  that  with  this  ar- 


*Described  on  page  351,  this  issue. 


FIG.   3 — TWO    12000   K.V.A.,    IM'    1:  I'  \1     \  KRTICAL   WESTINGHOUSE 
UNITS    .^T    lluLluudlJ,   I'.\. 

Driven  liy  dou1)lc-runner  vvaterwheels.     The  thrust  bearing  is 
located  between  the  generator  and  the  waterwheel. 

rangement  the  frame  can  be  shimmed  up  very  easily. 
The  adjtisting  screw'S  for  shifting  the  frame  horizon- 
tally are  located  at  several  points  equally  spaced  around 
the  bedplate,  and  it  thus  becomes  a  very  simple  matter 
in  the  case  of  the  self-contained  generator  to  adjust  and 
maintain  the  generator  and  waterwheel  rotors  in  per- 
fect alignment.  This  bedjilate  is  generally  considered 
sufficiently  valualde  to  warrant  its  small  cost,  as  it  is 
very  much  more  difticult  to  align  the  stator  frame  and 
keej)  it  in  alignment  when  it  rests  directly  on  a  concrete 
foundation. 

The  scheme  of  lubrication  of  the  generator  hearings 
should  be  as  reliable  as  possible.  To  this  end.  with  small 
and  iiicKJerate  capacity  generators,  a  small  oil  pump  is 
ttsually  siqiplied  and  driven  by  a  gear  mounted  directly 
on  the  generator  shaft.  This  pump  ]irovides  a  continu- 
ous flow  of  oil  from  the  ])ump  to  the  thrust  bearing  pot 
mounted  on  top  of  the  generator  frame.  An  overflow 
pipe  is  here  provided  which  carries  the  oil  to  the  up])er 
guide  bearing,  and  another  overflow  [)ipe  at  the  upper 
guide  bearing  conducts  a  portion  of  the  supply  to  the 
lower  guide  bearing.    The  oil  after  being  used  in  these 
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bearings,  together  with  the  overflow,  is  then  conducted 
to  a  large  receptacle  located  in  the  lower  generator 
bracket,  where  it  is  self-cooled,  and  from  which  the  oil 
pump  obtains  its  supply.  The  piping  is  preferably  of 
brass,  which  is  not  affected  by  the  action  of  the  oil,  and 
in  this  way  the  supply  is  kept  clean.  With  this  method 
of  lubrication  no  attention  need  be  given  to  this  feature 
except  at  infrequent  intervals. 

In  installations  where  several  large  generators  are 
used  a  common  oil  supply  for  the  generators  may  be 
preferable.  In  this  case  a  separately  driven  pump  and 
settling  and  cooling  tanks  are  supplied  apart  from  the 
generators  and  the  oil  is  piped  to  each  individual  gener- 
ator. Special  precautions  are  taken  to  prevent  oil  leak- 
age along  the  shaft,  as  there  are  few  things  more  annoy- 
ing to  the  careful  operator  than  this.  Oil  leakage  is  also 
dangerous  when  there  is  a  possibility  of  the  oil  getting 
to  the  generator  windings.  The  system  of  oil  piping 
and  the  methods  of  preventing  oil  leakage  are  shown  in 
Fig.  6. 

The  generator  and  waterwheel  shafts  are  usually 
seii-ir:!ti',  connected  together  through  a  coupling.     There 
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FIO.   4 — THE   i,.\TESr    12  0UU    K.V..\.,   y4   K.P.M.    WESTINGHOUSK 
GENERATOR  INSTALLED  AT    HOLTWOOD,   PA. 

This  machine  runs  at  a  slower  speed  than  the  units  shown 
in  Fig.  3  because  it  is  driven  by  a  single-runner  wheel.  The 
thrust  bearing  is  also  mounted  on  top  of  the  generator  frame, 
necessitating  the  "1"  section  of  the  upper  bracket.  In  the  view 
shown  the  generator  is  partially  assembled  at  the  manufac- 
turer's works. 

are  two  general  types  of  couplings  employed.  On  small 
or  medium  sized  machines  a  coupling  of  the  "mufi""  type 
is  employed.  With  this  type  of  coupling  the  generator 
bearings  do  not  need  to  be  split  (split  bearings  always 
offer  the  possibility  of  oil  leakage).  W'ith  large  ma- 
chines, where  convenience  in  handling  necessitates  the 
splitting  of  the  guide  bearings  and  brackets,  the  water- 
wheel  and  generator  shafts  are  usually  upset  to  form 
half  forged  flange  couplings,  which  are  held  together  by 
heavy  bolts.  A  typical  vertical  generator  is  illustrated 
in  cross  section  in  Fig.  6,  which  also  shows  the  "nnifF" 
type  of  coupling. 

VENTILATION 

The  vertical  generator  usually  takes  its  cooling  air 
from  below  the  floor  line  of  the  power  house,  and  dis- 
charges it  into  the  generator  room.  Provision  must  be 
made  for  an  adequate  supply  of  cooling  air.  There  is 
always  a  pit  underneath  the  generator,  and  it  is  a  rela- 


tively simple  matter  during  the  construction  of  the  foun- 
dations to  provide  suitable  ducts  for  the  air  supply,  but 
it  is  sometimes  very  difficult  to  change  them  after  the 
completion  of  the  plant.  Since  the  capacity  of  the  gen- 
erator will  Vie  reduced  if  ade(|uate  cooling  air  is  not  pro- 


FIG.    5 — AN    INSIDE   VIEW    OF   A    LARGE  VERTICAL   GEXERATCR 

Showing  the  method  of  supporting  the  upper  and  lower 
guide  bearings  by  brackets  to  the  stator  frame :  also  the  cross 
connections  of  the  armature  winding  on  the  upper  side  of  the 
stator. 

vided,    this    feature    requires    careful    attention.      The 

ducts  should  preferably  be  straight,  as  few  as  possible  in 

number  to  each  pit,  and  the  air  velocity  through  them 

should  be  relatively  low.     The  object  to  be  attained  in 

the  design  of  air  ducts  is  to  keep  the  friction  head  down 

to  a  small  percentage  of  the  available  air  pressure.     A 

sudden   bend   in   the   ducts   is   much   worse  than   high 

velocity  in  a  long  straight  duct ;  also,  if  the  available  air 

pressure  is  high,  higher  velocities  may  be  safely  used  in 

the  ducts,  thus  reducing  their  size. 

In   some   very   slow-speed   machines   the   peripheral 

speed  of  the  rotor  is  so  low  that  efficient  ventilating 
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FIG.    6 — CROSS-SECTION    OF   A    TYPICAL   VERTICAL   GEXER.\TOR 

vanes  which  will  build  up  an  appreciable  air  pressure 
cannot  be  provided.  In  some  cases  of  this  character 
separate  motor-driven  fans,  such  as  are  common  with 
large  capacity  turbine-driven  units,  may  afford  a  me- 
chanical solution  of  the  jiroblem.  Separate  fans  may  be 
considered  very  good  engineering  in  some  cases,  because 
their  efficiency  is  high  and  they  can  supply  the  air  at 
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relatively  high  pressure,  therefore  cutting  down  the  size 
of  the  air  ducts  necessary.  Also,  if  provided  with  vari- 
able speed  motors,  they  can  be  operated  at  variable  pres- 
sures to  suit  the  load ;  at  times  may  be  shut  down  alto- 
gether ;  and  at  other  times  be  operated  at  excessive 
speeds  and  jjrcssurcs  to  take  care  of  emergency  over- 


KIO.   7 — TWO    1875    K.V.A..    lii    R.r.M.    WliSIINC.HOUSK    U 

With  direct-connected  exciters,  installed  at  Ashcville, 

loads.   In  doubtful  cases  they  are  good  insurance  against 
a  faulty  layout  or  unforeseen  operating  conditions. 

The  permissible  air  velocity  through  the  ducts  varies 
widely.  With  certain  small  or  very  slow-speed  ma- 
chines this  velocity  may  have  to  be  kept  as  low  as  300 
or  400  feet  per  minute.  With  machines  of  higher  peri- 
I)hcral  rotor  speed  the  air  velocity  may  be  as  high  as 
1000  or  1500  feet  per  minute,  or  even  higher.  Experi- 
ence has  shown  that,  when  the  air  in  its  passage  through 
the  machine  rises  in  temperature  more  than  15  to  20  de- 
grees C,  the  cooling  air  does  not  efifectively  conduct 
away  the  heat  generated  in  the  machine,  and  therefore 
additional  air  could  be  supplied  to  very  good  advantage. 
On  the  basis  of  the  experience  gained,  it  is  considered 
desirable  to  have  from  125  to  150  cubic  feet  of  air  per 
minute  available  per  kilowatt  loss  in  the  generator. 
Thus  a  1000  kw  machine  with  93  percent  efficiency 
would  have  losses  of  about  75  kw.  To  properly  dissi- 
pate the  heat  generated  by  these  losses,  from  9000  to 
12000  culiic  feet  of  air  per  minute  shf)uld  be  ])rovided. 
The  fact  that  the  cooling  air  has  to  take  care  of  the 
energy  represented  by  windage  losses  is  sometimes  over- 
looked. In  fact,  bearing  friction  is  the  only  loss  that 
does  not  need  to  be  considered. 

ICXCIT.VTION    SYSTEMS 

The  excitation  system  necessary  for  a  plant  using 
slow-speed  vertical  generators  is  an  item  of  considerable 
expense.  .\  slow-speed  generator  requires  relatively 
more  excitation  than  one  of  the  same  capacity  and 
higher  speed.  To  illustrate,  a  300  kw  high-speed  belted 
generator  or  turbo-generator  may  require  appro.ximately 
ten  kilowatts  in  e.xcitation.  The  same  capacity  gener- 
ator driven  by  a  very  slow-speed  waterwheel  may  re- 
quire 20  or  even  2'^  kilowatts  in  excitation.     A  slow- 


speed  e.xciter  costs  more  than  a  high-speed  exciter  of  the 
same  output.  A  combination,  therefore,  of  high  ca- 
l^acity  and  slow-speed  makes  certain  types  of  exciter 
systems  very  much  more  expensive  for  the  low-head 
developments  than  for  high-head  developments. 

If  sei)arate  waterwheel  driven  exciters  are  provided 
the  speed  is  necessarily  low  on  account  of 
the  low  head,  and  the  exciter  capacity  is 
large  on  account  of  the  low  generator 
speed ;  and  in  addition  to  the  expense  of 
the  exciter  unit  and  waterwheel,  the 
])o\vcr  house  must  in  some  cases  be  made 
larger  and  the  cost  of  construction  is 
higlier.  In  many  plants  it  is  customary 
to  have  a  single  vertical  waterwheel 
driven  exciter  used  during  the  starting  of 
the  plant,  and  as  a  spare  unit.  Excitation 
is  normally  provided  by  means  of  motor- 
generator  sets  of  either  the  synchronous 
or  (more  usually)  the  induction  type.  A 
third  method  rajiidly  coming  into  favor  is 
to  employ  direct-connected  e.xciters,  each 
of  sufficient  capacity  for  the  individual 
generator.  This  gives  a  unit  system  lay- 
out which  is  very  attractive,  as  indicated 
in  I-'ig.  7.  While  the  cost  of  such  exciters  is  somewhat 
greater  than  that  of  motor-generator  sets,  the  floor  space 
required  is  reduced,  and  the  design  of  the  plant  simpli- 
fied. \\  ith  individual  exciters  properly  designed,  it  is 
always  possible  to  reduce  the  capacity  and  size  of  the 
main  generator  rheostats  required,  and  to  control  the  ^.x- 
citation  almost  entirely  through  a  small  exciter  field  rhe- 
ostat. The  direct-connected  exciter  does  not  offer  enough 
complication  in  the  mechanical  design  of  the  main  gener- 
ator to  offset  the  advantages  gained  by  its  use ;  hence  the 
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a])plication  of  such  types  is  rapidly  increasing  in  favor. 
It  has  not  been  attempted  in  this  article  to  give  any 
detailed  description  of  the  various  parts  of  vertical  gen- 
erators, but  to  point  out  that  the  range  of  capacity  and 
speed  required  in  low-head  water  power  developments 
makes  necessary  many  special  features  of  design ;  that 
the  general  characteristics  of  many  of  these  machines 
are  very  nuich  the  same ;  and  that  certain  fundamental 
details  should  be  common  to  all  well-designed  units. 


The  Kingsbury  Thrust  Bearing 

H.  A.   S.  HOWARTH 

Engineering  Dept. 
The  Westinghouse  Machine  Company 

KINGSBURY  BEARINGS,  which  have  been  in  successful  use  for  several  years,  are  based  on  a  very  simple 
law  of  lubrication  which  is  little  appreciated  as  yet  by  the  engineering  profession.  It  is  the  aim  of  this 
paper  to  present  clearly  the  evidence  we  already  possess  of  the  action  of  this  law,  to  describe  a  few  of  the 
types  of  Kingsbury  bearings  now  in  use  and  to  give  results  of  their  tests. 


CONSIDER  a  flat  metal  table  with  a  ledge  around 
it  and  containing  oil  to  a  depth  of  a  quarter  inch ; 
if  a  rectangular  metal  plate  supporting  a  weight  is 
placed  in  the  oil  the  plate  will  sink  and  squeeze  out  prac- 
tically all  the  oil  between  it  and  the  table,  as  indicated 
in  Fi 


on  a  medium  grade  of  oil.  A  heavy  load  at  low  speed 
might  thin  the  film  down  to  less  than  a  thousandth  of 
an  inch.  There  is  a  certain  place  on  the  floating  plate 
that  will  support  a  greater  load  than  any  other.  There 
is  another  place,  almost  coincident  with  the  above,  where 
I.    If.  however,  the  plate  is  pulled  along  the  table     a  given  load  may  be  placed  and  floated  on  the  film  with 

a  minimum  of  friction.  These  places  are  behind  the 
center,  looking  from  the  advancing  edge,  i.  e.,  at  a  point 
about  60  percent  of  the  length  of  the  plate  from  the 
advancing  end. 

The  application  of  the  above  principles  to  the  Kings- 
bury thrust  bearing  will  be  evident  from  Fig.  3.  The 
loaded  plate  in  this  case  is  constrained  to  move  horizon- 
tally. It  rests  on  several  plates  or  shoes  that  can  tilt  on 
the  ends  of  pivots  and  allow  the  oil  film  to  assume  the 
desired  wedge  form.  The  principle  is  the  same  whether 
the  supporting  shoes  tilt  or  the  loaded  plate  does ;  also 
whether  the  shoe  pivots  are  fixed  and  the  loaded  plate 
moves,  or  the  latter  is  fixed  and  the  shoes  move.  A  flat 
aimular  revolving  plate  is  usually  employed,  with  the 
running  face  simply  immersed  in  oil,  and  supported  on 


"^  -  Pic.  5 

FIGS.    I,  2,  3,  4  .\ND   5 — DIAGRA.MS   SHOWING  THE  PRINCIPLE   OF  THE 

OH.   FILM    IN   THE   KINGSBURY   TYPE.   THE   ORDINARY   JOURNAL 

BEARING   AND   THE   R.AIL\V.\Y   JOURNAL   BEARING 

Figs.  I  and  2  indicate  the  principle  of  the  formation  of  the 
oil  film  between  two  oil-immersed  surfaces  in  relative  motion, 
and  Fig.  3  shows  the  application  of  this  principle  in  the  con- 
struction of  tlie  Kingsbury  bearing.  Fig.  4  shows  the  same 
wedge-shaped  oil  film  in  the  ordinary  journal  bearing  in  which 
the  bearing  supports  the  shaft,  and  Fig,  5  shows  its  formation 
in  the  railway  journal  bearing  in  which  the  bearing  is  sup- 
ported by  the  shaft. 


by  a  horizontal  force,  as  shown  in  Fig.  2,  it  will  tilt  up 
at  the  advancing  end,  and  move  along  in  that  position, 
floating  on  a  thin,  wedge-shaped  film  of  oil  whose  mean 
thickness  depends  on  the  load,  speed,  viscosity  of  the  oil, 
position  of  the  load  on  the  plate,  and  apparently  not  at 
all  on  the  kind  of  metal  used.  The  angle  of  tilt  depends 
mainly  on  the  position  of  the  load  relative  to  the  plate. 

Since  the  load  is  floated  on  the  oil  it  is  evident  that 
the  sum  of  the  upward  pressures  within  the  liquid  must 
eqtial  the  load  supported.  The  mean  pressure  is  easily 
calculated.  The  actual  pressure  varies  from  nothing  at 
the  edges  of  the  plate  to  a  maximum  about  under  the 
center  of  the  load.  This  maximum  is  approximately 
twice  the  mean  pressure. 

The  friction  or  force  necessary  to  move  the  loaded 
plate  along  as  it  floats  on  the  oil  film  depends  upon  the 
velocity,  the  viscosity  of  the  oil  and  the  film  thickness. 
The  mean  thickness  of  the  film  might  easily  be  a  thirty- 
Second  of  an  inch  for  a  light  load  moving  at  high  speed 


Flij.  O — A   48  INCH   VERTICAL    M'Lli     iIIKIm    bl.AKl.s... 

Five  of  these  are  used  by  the  Pennsj-lvania  Water  &  Power 
Company  at  McCall's  Ferry,  Holtwood.  Pa.  The  bearings  are 
located  between  the  generators  and  the  watcrwheels.  The  shoes 
are  adjusted  for  leveling  by  wedges. 

two  or  more  shoes  which  are  mounted  to  tilt  automati- 
cally as  required  by  running  conditions.  This  construc- 
tion is  evident  from  Figs.  6  to  10,  which  show  several 
types  of  Kingsbury  bearings.  The  supports  or  pivots 
imder    the     shoes     are     located     in     the    center     (cir- 
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cumferentially)  if  ihc  bearing  has  to  rotate  in  cither 
direction,  or  are  offset  a  little  to  one  side  or  the  other  if 
the  Ijearing  runs  steadily  in  only  one  direction,  as  the 
friction  loss  is  somewhat  less  for  offset  than  for  central 
supjiorts.  P'or  manufacturing  reasons  the  central  sup- 
port may  he  used  even  in  hearings  operating  only  in  one 
direction   in   a   particular   aiiplication,   since   in    another 


FIG.   7 — A   31    INCH   VERTICAL  SOUD  THRUST  BEARING 

In  this  licariiig  the  shoes  rest  on  supporting  discs,  which  in  turn 
rest  on  the  adjusting  set  screws. 

application  the  same  bearing  may  be  used  for  the  reverse 
direction  of  rotation.  These  bearings  work  eciually  well 
whether  luirizontal,  vertical  or  inclined. 

The  principle  of  the  wedge-shaped  oil  tilni  upon 
which  the  load  is  floated  applies  equally  well  to  the  ordi- 
nary journal  and  bearing.  It  is  necessary  to  stipply 
enough  oil  to  feed  the  wedge  film,  because  rotation  car- 
ries oil  through  it.  Fig.  4  shows  the  manner  in  which 
this  film  is  formed  under  a  journal  which  presses  down 
on  the  lower  half  of  the  bearing,  while  Fig.  5  shows  the 
same  thing  for  a  railway  journal.  A  point  well  worth 
remembering  is  that  the  mean  thickness  of  the  oil  film  in 
the  wedge  that  floats  the  load  depends  on  the  length  of 
the  wedge.  Hence,  if  an  oil  groove  were  cut  across  the 
loaded  side  of  a  bearing,  i.  e.,  where  the  wedge  is 
formed,  it  would  shorten  the  wedge,  thin  it,  and  bring 
the  running  faces  more  closely  together,  thereby  causing 
greater  friction  and  more  wear.  Hence,  when  the  loaded 
surfaces  of  a  bearing  arc  cut  u[)  with  oil  grooves — a 
practice  adhered  to  by  some — the  bearing  is  running 
nearly  under  the  out-of-date  conditions  under  which 
Morin  made  his  experiments  on  friction  about  1836. 


FIG.  8 — A    12   INCH    VERTICAL   SOLIU  THRUST   BEARING 

With  half  of  the  oil  splash  guard  removed.     The  shoes  in  this 
bearing  rest  directly  on  tlic  heads  of  tlie  adjusting  set  screws. 

The  thrust  bearing  design,  as  outlined  above,  is  based 
upon  the  principles  established  by  Osborne  Reynolds  in 
his  "Theory  of  Lubrication."*    Professor  Reynolds  was 

*Phil.  Trans.,  1886. 

"Proceedings  of  the  Institution  of  Mechanical  Engineers, 
18S3,  1885.  1888,  1891. 


led  to  make  a  theoretical  investigation  by  the  striking 
results  obtained  by  Tower  in  his  experiments  for  the 
Institution  of  Mechanical  Engineers.t  Tower,  experi- 
menting with  a  well-fitted  cylindrical  journal  flooded 
with  oil,  found  that  there  was  practically  no  w-ear,  that 
the  total  friction  was  nearly  indej)endcnt  of  the  load, 
and  that  the  mean  co-efficient  of  friction  was  very  low, 
in  some  cases  not  exceeding  o.ooi.  He  further  found 
that  there  was  oil  between  the  shaft  and  the  brass  under 
pressure  which  varied  from  point  to  point  on  the  bearing 
surface,  the  maximum  presstire  being  roughly  twice  the 
mean  pressure,  and  the  integrated  pressure  being  equal 
to  the  total  load  on  the  bearing.  Reynolds  based  his 
theoretical  work  on  elementary  physical  data,  including 
the  shaft  diameter,  its  speed  of  rotation,  the  dimensions 
of  the  brass,  the  viscosity  of  the  oil  and  the  load  on  the 
journal.  He  was  able  to  calculate  the  friction  and  what 
the  pressure  should  be  at  any  point  in  the  oil  film,  and 
his  calculated  results  agreed  fairly  well  with  Tower's 
experimental  results.  The  oil,  because  of  its  adhesion 
to  the  shaft,  and  because  of  its  viscosity  or  resistance  to 
How,  is  dragged   into  this  wedge-shaped   space  by  the 
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MG.  9 — CROSS-SECTION   OF   BEARING    SIMILAR  TO  THAT  OF   FIG.   8 

Sliowing  arrangement  of  housing,  bearing,  shaft,  collar  and  nut. 
shaft  in  its  rotation,  and  this  action  sets  up  the  pressure 
ill  the  oil,  which,  in  turn,  supports  the  load  on  the  brass. 
Tliis  'cvcdgc-shaped  film  of  oil  zi:as  shoiun  by  Reynolds  to 
be  the  absolutely  essential  feature  of  effective  automatic 
lubrication.  JVithout  it  no  great  load  can  be  borne  on  the 
bearing  except  zvith  the  accompaniment  of  high  friction. 

In  the  ordinary  shaft  journal  the  formation  of  the 
wedge-shaped  film  of  oil  causes  a  slight  lifting  of  the 
shaft  against  the  load,  together  with  a  slight  lateral  dis- 
placement. It  is  well  known  that  bearings  of  this  type 
are  reliable  and  satisfactory  in  their  operation. 

Ordinary  collar  thrust  bearings,  such  as  are  com- 
monly used,  are  not  only  deficient  in  load  carrying  ca- 
pacity, but  such  small  loads  as  they  carry  are  accom- 
panied by  relatively  high  friction.  The  reason  for  this 
is  evident  from  the  princijilcs  established  by  Reynolds. 
The  surfaces  are  everywhere  parallel,  with  no  possibility 
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of  relative  adjustment  such  as  to  permit  the  formation 
of  a  wedge-shaped  fihii  of  oil.  The  Kingsbury  thrust 
bearing  may  be  regarded  as  a  collar  bearing  in  which 
one  of  the  collars  has  been  cut  into  several  sectors,  each 


I'lC.    10 — KINOSBURY  BEARING  wnil    I.liVKI.l  N(.   WASlll'.K 

In  this  construction  no  vertical  adjustment  of  the  shoes,  either 
singly  or  collectively,  is  necessary. 

of  the  sectors  being  so  mounted  that  it  can  pivot  over 
its  support. 

By  designing  bearings  so  that  the  load  is  floated  on 
the  wedge-shaped  oil  film  very  much  higher  pressures 
and  speeds  may  be  obtained.  But  high  speed  is  not 
essential  to  good  load  carrying  capacity.  Low-speed 
thrust  bearings  on  light  oils  regularly  carry  mean  pres- 
sures up  to  300  pounds  per  square  inch.  Higher  speeds 
regularly  carry  loads  up  to  500  pounds  per  square  inch. 
Heavier  oils  regularly  carry  900  pounds  per  square  inch. 
In  tests  with  light  oils  the  oil  film  was  shown  to  persist 
with  mean  pressures  as  high  as  7000  pounds  per  square 


FIG.    II — A    10  INCH    DOUBtE   HORIZONTAL  THRUST   BKARIXG 
or   THE    MARINE  TYPE 

Tile  collar,  which  is  in  the  center,  must  be  keyed  and  bolted 
to  the  thrust  shaft,  which  is  not  shown.  The  housing  sur- 
rounds these  parts  so  as  to  keep  them  supplied  with  oil  by  a 
natural  or  forced  circulation. 

inch,  ;it   which  pressure  the  babbitt   face  on  the  shoes 

flowed. 

The  wedge-shaped  oil  him  in  the  thrust  bearings  is 

two  or  three  times  as  thick  at  one  end  as  at  the  other. 

On  large  bearings  the  calculated  thickness  is  but  a  few 


thousandths  of  an  inch  at  the  thin  end  at  moderate 
speeds  with  a  light  oil  and  pressures  of  300  pounds  per 
square  inch.  <  )ii  small  bearings  it  is  often  less  than  one^ 
thousandth  of  an  inch. 

-  A  feature  of  these  bearings  is  the  fact  that  the 
shoe  tilt  can  vary  with  the  speed,  so  as  to  adjust  itself 
properly.  Hence,  when  the  bearing  is  at  rest,  the  sur- 
faces are  parallel  and  in  close  contact  in  the  vertical 
Ijcarings.  The  starting  and  stopping  of  vertical  bear- 
ings, some  of  which  are  loaded  about  as  heavily  at  rest 
as  when  running,  is  their  severest  treatment.  But  as  the 
surfaces  are  in  contact  all  over  when  at  rest,  the  mean 
pressure  can  be  quite  high  and  depends  on  the  kind  of 
oil  and  the  hearing-materials.  In  this  respecttiits^thrnst 
bearing  is  superior  to  the  cylindrical  journal'-find  bear- 
ing. The  latter  when  at  rest  does  not  bear  all  over  be- 
cause of  the  differences  in  diameters  necessary  to  admit 
the  oil  film  and  enable  it  to  assume  the  wedge  shape. 

General  rules  that  have  become  well  .established  for 
shaft  bearing"  practice  apply  equally  well  "to  Kingsbury 
thrust  bearings ;  that  is,  for  low  speed  and  heavy  loads 
a  thick  oil  must  be  used,  while  for  high  speed  and  light 
loads  thinner  oil  is  re([uired.  It  is  also  found  that  for 
high  speeds  it  is  preferable  to  have  the  shoes  faced  with 
babbitt  metal,  the  collar  being  of  cast  iron  or  mild 
steel.      For   very   low   speeds,    coupled    with   high    unit 


i  "  FIG--I2-^pETAILS    01"    BEARING    OF    FIG.  -I  I 

Showing  .single  thrust  collar  with  two  sets  of  shoes,  base  rings 
-  and  leveling  washers. 

fjressures,  hardened  steel  or  chilled  iron  may  be  used 
for  the  collars,  and  brass  or  bronze  for  the  shoes. 

Evidence  of  the  constant  conditions  that  are  brought 
about  by  floating  the  load  on  the  oil  film  lies  in  the  fact 
that  the  heat  generated  by  friction  in  this  type  of  thrust 
bearing  is.  readily  calculated  from  a  knowledge  of  the 
load,  viscosity  of  the  oil,  and  the  bearing  dimensions. 

.'The  friction  loss  in  a  Kingsbury  bearing  is  very  low. 
An  .approximate  rule  for  vertical  bearings  having  six 
eccentrically  supported  shoes  with  inside  diameter  one- 
half  the  outside  diameter,  and  loaded  to  350  pounds  per 
square  inch  of  shoe  area,  using  dynamo  oil  and  keeping 
the  temperature  at  about  40  degrees  C,  makes  the 
mean  co-efficient  of  friction  0.00009  times  the  square 
root  of  the  r.p.m..  and  varying  inversely  as  the  square 
root  of  the  unit  pressure.  For  example,  if  the  shaft 
runs  at  100  revolutions  per  minute,  at  a  pressure  of  3=50 
pounds  per  square  inch,  the  mean  co-efficient  of  friction 
is  0.0009,  ^n  extremely  low  value,  the  result  being  due 
to  the  nearly  ideal  conditions  for  automatic  lubrication. 
The  form  of  the  rule  for  calculating  the  co-efificient  is 
based  on  Reynolds'  treatise,  and  the  constant  was  deter- 
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mined  by  numerous  experiments.  For  moderate  speeds 
the  friction  is  lower  than  that  of  any  other  known  type, 
including  ball  and  roller  bearings,  for  which  the  co- 
efficients are  usually  from  0.015  to  0.003  ii'i'ler  good 
conditions,  and  not  excepting  the  hydraulically-sup- 
ported  step  bearing,  if  we  charge  against  the  latter  the 
power  required  for  the  operation  of  the  pumps. 

The  starting  friction  is  in  some  cases  an  entirely  dif- 
ferent matter.     When  the  shaft  is  at  rest  with  the  load 


FIG.    13 — SECTION    OF    A    DOUBLE    HOKIZONTAI,    THRUST    BEARING    AS 
INSTALLED  IN   A   STEAM  TURBINE 

on  the  thrust  bearing,  which  is  the  case  with  vertical 
shafts,  the  continuous  oil  film  is  not  present,  and  the 
co-efficient  of  friction  between  the  metallic  surfaces  is 
high,  averaging  about  0.15.  At  the  instant  of  starting 
there  is  some  rubbing  between  the  metals.  In  the  bear- 
ings with  babbitted  shoes  this  rubbing  is  frequently  evi- 
denced by  a  sound  like  that  of  a  hot  bearing.  The  rub- 
bing lasts  only  a  very  brief  time  (about  a  quarter  turn 
of  the  shaft),  the  oil  film  beginning  to  form  at  the 
instant  of  starting,  and  increasing  in  extent  and  thick- 
ness as  the  speed  increases.  If  the  bearing  is  provided 
with  clean  oil  the  only  wear  that  takes  place  is  that  due 
to  the  rubbing  of  the  metals  when  starting  and  stopping. 
For  conditions  such  as  exist  in  horizontal  steam  turbines 
there  is  very  little  load  on  the  thrust  bearing  at  starting, 
and  hence  no  reason  to  expect  much  wear.  Even  with 
vertical  hydro-electric  units,  and  similar  machines  in 
which  the  entire  weight  of  the  rotating  part  is  carried  on 
the  thrust  bearing  at  all  times,  it  is  found  that  the  wear 
of  the  bearing  is  practically  negligible. 

The  double  horizontal  type  of  this  bearing,  shown  in 
Figs.  II,  12  and  13,  has  a  quality  that  is  most  ini]iortant 
for  marine  turbine  work,  where  it  is  desirable  to  reduce 
to  a  mininuun  the  fore-avui-aft  movement  of  the  rotor 
due  to  reversing.  This  (|uality  is  the  fine  bearing  clear- 
ance which  is  permissible  with  perfect  lubrication.  The 
bearing  parts  may  be  set  as  close  as  desired,  jirovided 
only  there  is  enough  room  for  the  oil  film.  If  this  allow- 
ance is  kept  small,  the  film  when  it  forms  will  bold  the 
shaft  rigidly  against  end  play.  As  no  wear  occurs,  this 
adjustment  docs  not  change,  and  therefore  less  tinkering 
with  tlie  tlirust  bearing  and  end  clearances  is  required,  a 
point  which  will  be  full\'  appreciated  by  operating  engi- 
neers. 

As  stated  above,  the  lubrication  of  an  ordinary  collar 
thrust  bearing,  which  is  used  commonly  on  ship  pro- 
pellers, is  imperfect  because  of  its  principle  of  construc- 
tion. The  surfaces  are  not  entirely  separated  bv  the 
oil  fdni.  and  therefore  they  rub,  wear  and  produce  fric- 


tion. To  remove  the  considerable  heat  generated  by 
friction,  water  is  circulated  through  the  main  thrust  col- 
lars and,  as  they  usually  remain  cool,  but  little  thought 
is  given  to  the  frictional  losses  which  occur.  The  loss, 
however,  is  considerable,  and  obviously  it  would  be 
desirable  to  reduce  it. 

In  a  30000  horse-power  battleship  the  horse-power 
of  the  main  engines  required  to  overcome  the  frictional 
resistance  in  an  ordinary  collar  thrust  bearing  would  be 
146  for  one  shaft  and  292  for  both,  the  co-efficient  of 
friction  being  assumed  0.02,  which  is  probably  under  the 
average  value.  The  co-efficient  of  friction  for  the  Kings- 
bury thrust  bearing  has  been  found  by  a  large  number 
of  tests  to  vary  from  0.0008  to  0.003,  as  noted  above.  A 
conservative  value  of  the  co-efficient  for  a  marine  thrust 
bearing  would  be  0.002.  Thus  in  the  same  vessel  the 
frictional  horse-power  would  be  14.6  for  one  shaft,  and 
29.2  for  both.  This  would  be  a  saving  of  262.8  horse- 
power, or  90  percent,  over  the  ordinary  type  of  thrust 
bearing.  It  would  amount  to  about  420  pounds  of  coal 
per  hour  in  this  case.  In  smaller  bearings  the  saving  is 
actually  less,  but  proportionally  the  same ;  and  hence  it 
is  of  e(|ual  ini])ortance.  The  entire  thrust  of  140000 
pounds  on  one  of  the  shafts  of  a  battleship  could  be 
taken  on  a  single  collar  29  inches  in  diameter  with  a 
unit  pressure  of  325  pounds,  which  is  moderate  for  a 
bearing  of  this  type. 

It  is  difficult  to  construct  or  to  adjust  an  ordinary 
collar  thrust  bearing  so  that  the  load  will  be  divided 
equally  among  the  collars.  In  this  respect  an  old  bearing 
is  usually  better  than  a  new  one,  because  it  has  ground 
down  the  high  places.  It  is,  however,  unsafe  to  carry 
high  unit  pressures  on  them,  and  in  safe  jiractice  it  is 
usually  limited  to  40-60  pounds.     Because  of  the  diffi- 


nr,.  14 — rvvu  oi-  the  roiu  i,!  51x1  k.v.a.,  6600  voli,  ou  cmle,  ioj 

R.1'..M.    WESTINOHOUSE  GENERATORS   OF   THE   ALABAMA   POWER 
COMPANY    AT    COOSA    RIVER,    ALABAMA,    LOCK    NO.    12 

culty  of  fitting  these  bearings  exactly  right  their  action  is 
erratic,  and  it  is  by  no  means  a  certainty  that  they  will 
run  without  heating.  The  use  of  cooling  water  permits 
considerable  heating  without  danger  and,  so  to  speak, 
covers  a  multitude  of  sins.  However,  even  with  w^ater 
cooling,  it  is  impossible  to  predict  with  certainty  the 
action  of  the  bearing  and  to  provide  a  definite  factor 
of  safety.  This  can  be  and  is  done  with  the  Kingsbur)' 
bearing.     By  reason  of  the  much  higher  unit  pressures 
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carried,  the  Kingsbury  bearing  is  smaller  and  lighter. 
Another  important  advantage  it  possesses  is  the  assur- 
ance that  it  will  run  properly  after  being  overhauled  by 
a  mechanic  of  ordinary  ability. 

The  Kingsbury  thrust  bearing  has  been  applied  to 
steam  turbines  both  land  and  marine,  vertical  and  hori- 
zontal, waterwheel  generating  units,  steel  rolling  mills, 
plate-glass  grinding  machines,  vertical  motors,  pumps, 
etc.  Its  application  is  much  wider  than  this,  and  it  can 
be  used  in  nearly  all  places,  either  horizontal  or  vertical, 
where  other  types  are  used.  Some  of  the  types  of  in- 
stallations and  service  characteristics  to  which  it  has 
been  applied  are  indicated  by  Table  I. 

TABLE  I-CHARACTERISTICS  OF  SOME  OF  THE  PRESENT  INSTALLATIONS  OF  KINGSBURY  BEARINGS* 


of  shoes  48  in.;  total  load  on  bearing  410000  lbs.;  area  of 
shoes  1 160  sq.  in.;  unit  pressure  350  lbs.  per  sq.  in. ;  94  revo- 
lutions per  minute,  mean  surface  speed  goo  ft.  per  min. ;  light 
mineral  oil  flowing  through  bearing  at  the  rate  of  15  gal.  per 
min.;  mean  temperature  rise  of  oil  in  bearing  approximately 
three  degrees  C. ;  f  rictional  loss  in  bearing  approximately  nine 
liorse-power;  co-efficient  of  friction  approximately  0.0008.  A 
test  was  also  made  at  a  speed  of  ten  r.p.m.,  the  mean  surface 
speed  being  95  ft.  per  minute,  and  it  was  found  that  at  tliis  low 
speed  the  oil  film  was  maintained  and  the  lubrication  was  en- 
tirely satisfactory.  The  friction  was  much  less  than  at  full 
speed— so  small  that  no  definite  data  as  to  its  value  could  be 
obtained.  A  test  was  then  made  without  the  continuous  fresh 
supply  of  oil.  The  housing  contained  570  gallons  of  oil,  and  the 
heat  capacity  of  this  oil  and  the  metal  parts  enabled  the  bearing 
to  be  run  at  the  normal  speed  of  94  revolutions  per  minute, 
with  a  temperature  rise  of  only  three  degrees  C.  in  one  hour. 

This  bearing  was  inspected  after  three  and  one-half  months' 
service.     No  measurable  wear  was  found,  the  bright  contact  spots 


Name. 

Location. 

No.  of 
Bearings 
in  Service 

Diameter 
Inches 

Load 
Pounds 

Pressure 
Lbs.  Per 
Sq.  Inch 

Normal 

Speed 

R.P.M. 

Pressed  Prism  Plate  Glass  Co. . . 

Morgantown,  W.  Va 

I 

18 

160000 

920 

35 

Jones  &  Laughlin  Steel  Co 

Pittsburgh,  Penna i 

36 

66000 

100 

70 

Penna.  Water  &  Power  Co 

Holtwood,  Penna 

5 
I 

4« 
20 

410000 
70000 

350 
350 

94  to  116 
285 

Mississippi  River  Power  Co 

Keokuk,  Iowa. 

4 

56 

560  000 

350 

57.8 

Great  .\orthern  Power  Co 

Fond  du  Lac,  Minn 

3 
I 

29 -5 
29 

120000 
147000 

350 
350 

375 
375 

Utah  Power  &  Light  Co 

Alexander,  Idaho 

2 

29 

155  000 

370 

514 

Calgary  Power  Co 

Calgary,  Alberta 

2 

^9 

130000 

310 

150 

St.  Lawrence  Power  Co 

Massena,  N.  Y 

5 

36 

250  000 

385 

100 

Cedar  Rapids  Mfg.  &  Power  Co . 

Cedars,  P.  Q 

3 
9 

61 

45  000 
550  000 

no 

150 
55.6 

Stevens  Creek  Development  Co . 

Augusta,  Ga 

5 

28 

1 1 1  000 

280 

75 

Alabama  Power  Co 

Birmingham,  Ala 

5 

42 

324  000 

370 

100 

Idaho  Railway  &  Light  Co .     .  . 

3 

21 

66  000 

300 

90 

Salt  River  Valley  Water    Users 
Association 

Tempo,  Ariz 

6 

18 

42  000 

270 

94 

'A  large  number  of  smaller  bearings  have  been  built,  including  over  100  now  in  use  on  steam  turlnnes 


The  following  test  results  serve  to  indicate  the  gen- 
eral range  and  capacity  of  this  type  of  thrust  bearing : — 

Case  I — A  thrust  bearing  434  in.  outside  diameter,  with  10 
babbitted  centrally  supported  shoes  of  approximately  one  sq.  in. 
each  was  run  at  3500  revolutions  per  minute,  mean  speed  3250 
ft.  per  minute,  with  a  free  supply  of  turbine  oil  circulated 
througli  the  bearing.  The  maximum  available  load  was  11  700 
lbs.  The  bearing  carried  this  load  without  distress.  By  suc- 
cessively removing  shoes  nearly  the  same  total  load  was  borne 
on  eight,  six,  four  and  two  shoes,  the  latter  condition  giving  a 
mean  unit  pressure  of  S400  lbs.  per  sq.  in.  The  babbitt  on  the 
two  shoes  was  finally  machined  away,  leaving  about  0.6  sq.  in. 
on  each  shoe;  the  bearing  was  then  loaded  to  11  700  lbs.,  or 
9800  lbs.  per  sq.  in.  nominal  area,  and  carried  this  load  without 
overheating  or  injuring  the  surfaces.  The  babbitt,  however, 
spread  under  the  pressure  so  that  its  area  increased  to  0.83 
sq.  in.  per  shoe,  thus  making  the  actual  mean  pressure  7050  lbs. 
per  sq.  in.     In  all  these  tests  the  runs  were  of  short  duration. 

Case  2 — A  thrust  bearing  with  an  outside  diameter  of  10  in. 
was  tested  on  a  vertical  motor-driven  pumping  unit ;  it  had  six 
babbitted  shoes,  centrally  supported  with  a  load  of  17  900  lbs., 
pressure  390  lbs.  per  sq.  in.,  speed  300  revolutions  per  minute. 
The  housing  contained  about  ten  gallons  of  oil,  with  no  external 
circulation.  The  bearing  gave  satisfactory  operation  during 
several  days'  test,  the  maximum  temperature  rise  being  36  de- 
grees C.  above  the  surrounding  air. 

Case  ,?— A  test  was  run  on  a  thrust  bearing  for  a  vertical 
hj-dro-electric  generating  unit  under  the  following  conditions : — 
Six  babbitted  shoes  with  eccentric  supports;   outside  diameter 


on  the  babbitt  having  increased  in  area  but  sliglitly  since  being 
put  in  service.  At  the  present  time  this  bearing  has  been  in 
service  three  years  without  giving  trouble  or  requiring  attention. 

Since  Kingsbury  thrust  bearings  are  run  regularly 
under  large  unit  pressures  it  is  necessary  that  they  be 
supplied  with  clean  oil;  if  grit  or  scale  be  allowed  to 
pass  through  the  oil  film  the  bearing  surfaces  will  be- 
come roughened.  In  soine  cases  this  roughening  has 
led  to  trouble  in  starting  under  load,  causing  the  babbitt 
to  wipe  ofif.  This  wiping  is  indicated  by  a  rapid  rise  in 
temperature  of  the  oil  in  the  bearing.  When  it  occurs 
the  unit  must  be  shut  down  at  once,  and  the  babbitted 
shoes  scraped  to  a  new  fit.  Occasionally  a  new  bearing 
will  drag  the  babbitt  when  starting  and  require  refit- 
ting, just  as  a  new  cylindrical  bearing  does.  Hence  it  is 
well  after  starting  to  watch  the  oil  temperature  closely. 
However,  with  good  bearing  surfaces  and  clean  oil,  no 
trouble  whatever  need  be  anticipated  with  the  Kings- 
bury type  of  bearing,  as  is  evident  from  the  fact  that 
every  one  of  these  bearings  that  has  been  put  into 
operation  is  still  in  service. 


The  Trend  of  Electrical  Development* 

p.  M.  Lincoln 
I'rcsidciit.  American  Institute  of  Electrical  Engineers 

AN   ANNUAL  address  Ijv  the  President  of   our  for  in  this  respect.     Our  ahihly  to  convert  mechanical 
Institute  is  more  tlian  a  perfunctory  affair.     It  energy  into  electrical,  or  vice  versa,  has  reached  so  high 
is  a  constitutional  requirement.     It  is  cnumer-  a  value  that  even  if  we  could  obtain  perfection  itself  we 
ated  specifically  in  our  constitution  among  the  duties  could  add  only  a  matter  of  ten  percent  to  what  we  have 
of  the  President — "He  shall  deliver  an  address  at  the  already  accomplished.    This  conclusion  must  hold  unless 
annual  convention."     It  has  occurred  to  me  that  in  my  the  law  of  conservation  of  energy  is  revoked,  and  I  am 
address  it  might  be  well  to  trace  the  progress  of  some  not  predicting  any  suspension  of  that  law. 
of  the  dcveloinnents  and  practices  that  have  marked  the  When  we  come  to  deal  with  the  efficiencies  by  which 
path  that  the  electrical   engineer  has  traversed   in  the  electrical  energy  in  one  form  is  transformed  into  elec- 
past  with  a  view  of  obtaining  some  idea  as  to  whither  trical  energy  of  another  form,  efficiencies  are  found  to 
these  paths  may  lead  us  in  the  future.    In  so  far  as  this  be  still  higher.     The  efficiencies  of  some  of  our  larger 
method  incorporates  a  review  of  the  past  it  presents  no  transformers,    for    instance,   exceed   99   percent.      The 
IKirticular  difficulty ;  but  when  it  involves  a  prognostica-  rotary  converter,  in  which  alternating  current  is  changed 
tion  of  what  a  continuation  along  any  particular  line  of  into  direct,  attains  efficiencies  approaching  98  percent, 
development  will  finally  lead  to,  it  delves  .somewhat  into  It  is  evident  that  perfection  itself  could  not  add  greatly 
the  realms  of  prophesy.    I  realize  fully  that  any  one  who  to   existing   performances,   and   hence   nothing   revolu- 
attempts  to  deal  in  ])rophesy  among  the  inventions  and  tionary  may  be  ex])ected  along  this  line  in  the  future, 
developments  of  this  day  and  age  is  running  a  grave  In  thermo-tlynamic  engines,  too,  the  last  few  years 
risk,  and    I   therefore   do   not   propose   to   wander   far  have  some  marvelous  improvements.    The  reciprocating 
from  what  I  conceive  to  be  the  trend  of  present  devel-  engine  of  Watt  has  largely  given  place  in  recent  years 
ojjmenl.  to  the  steam  turbine,  and  the  turbine  has  enabled  us  to 
In  the  matter  of  efficiency,  it  has  always  been  recog-  attain  efliciencies  that  were  out  of  the  question  with  the 
nized  that   electrical   apparatus   is   in   a   class   by   itself.  reci])rncaling  engine.      In   the  thermo-d}-namic  conver- 
Alechanical  energy  can  be  converted  into  electrical  by  a  sion  the  law  of  conservation  of  energy  takes  a  peculiar 
generator,  or  vice  versa  by  a   motor,  at  an   efficiency  form.     No  conceivable  method  can  begin  to  transform 
ranging  n\)  to  as  high  as  97  [)erccnt.  or  even  more  in  the  all  of  the  energy  in  a  lump  of  coal,  for  instance,  into 
most  favorable  cases.     I  think  it  is  a  safe  statement  to  dynamic  or  mechanical  form.     If  the  heat  contained  in 
say  that  the  average  efficiency  by  which  the  conversion  the  coal  is  used  to  heat  a  thiid.  and  that  Huid  is  used  in  a 
of  mechanical  energy   into  electrical   l)y  generators,  or  ihermo-dynamic  engine,  tlie   niaxinuun   mechanical   en- 
electrical  energy  into  mechanical  by  motors,  including  ergy  that  can  be  taken   from  that  engine  can  bear  no 
all  sizes  under  actual  ojieration  conditions,  will  reach  90  greater  a  ratio  to  the  total  heat  imparted  to  the  fluid  by 
percent.      I  here  are,  of  course,  many  cases  where  the  the  fuel  than  the  actual  range  of  temperature  used  in  the 
efficiencies   are  lower  than   90  ])ercent.     On   the  other  engine  does  to  the  maximum  absolute  temperature  of 
hand,  there  are  many  cases  where  the  conversion  is  car-  the  fluid  as  it  enters  the  engine.     The  efficiency  which 
ried  on  at  much  higher  efficiencies,  and  I  believe  that  would  result  by  the  use  of  that  r:uio  of  temperature 
the  assumjjtion  of  90  jiercent  as  an  average  figure  is  not  ranges  is  that  which  would  result  if  what  is  known  as 
far  from  the  truth.    Owing  to  the  fact  that  the  size  of  the  "Rankine  cycle  efficiency"  were  lOO  percent.     Some 
the  average  electrical  generator  is  much  greater  than  of  the  best  of  our  modern  steam  turbines  have  attained 
that   of   the  average  motor  and  that   it   is  possible  to  to  as  high  as  75  percent,  or  possibly  a  little  more,  of  this 
oi)erate  the  generator  at  higher  average  loads  than  is  "Rankine  cycle  efficiency."     In  these  most  perfect  en- 
tile case  with  tlie  motor,  it  must  be  apparent  that  the  gines,  therefore,  perfection  itself  would  not  add  more 
average  efficiency  in  converting  mechanical  energy  into  than  25  percent  or  such  a  matter.    It  should  be  particu- 
elcctneal  energy  is  higher  than  in  the  reconversion  of  larly  borne  in  mind  that  this  statement  is  true  only  of 
this  electrical  energy  back  into  mechanical.   The  average  the  best  of  modern  practice.     Average  modern  practice 
generator  efficiency  is  undoubtedly  well  above  90  per-  does  not  attain  anywhere  near  this  degree  of  perfection, 
cent,  while  it  is  doubtful  if  the  average  motor  reaches  It  is  only   with  prime  movers  of  the  largest  size  and 
so  high  a  figure.     However,  the  general  conclusion   I  most  modern  design  and  construction  that  so  close  an 
would  draw  from  these  figures  is  not  modified  by  this  approach  to  the  ideal  can  be  attained.     .As  capacity  is 
difference  between  generator  and  motor.     This  conclu-  reduced  it  becomes  rapidly  more  and  more  difficult  to 
sion,  which  must  be  apparent   to   anyone,   is   that   no  attain  the  higher  degrees  of  economy.    This  must  always 
development  of  a  revolutionary  character  can  be  looked  remain  one  of  the  potent  factors  in  the  economics  of 

*p7f,Mdcntial  address  delivered  at  the  annual  convention  of  I"^^^'^''  supply.      It  is,  and  undoubtedly   always  will  be, 

the  .\nierican  Institute  of  Electrical  Engineers,  June.  iqi;.  one  of  the  fundamental  reasons  why  central  station  sup- 
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ply  of  electric  service  imist  prevail  as  against  isolated 
plant  supply  for  the  same  service.  The  central  station 
can,  of  course,  use  units  which  are  very  large  in  com- 
parison, and  can  be  worked  at  much  higher  average 
loads  than  must  necessarily  be  the  case  with  an  isolated 
plant. 

One  obvious  means  that  has  been  suggested  to  im- 
prove the  efficiency  of  the  thermo-dynamic  engine  is  to 
increase  the  temperature  range  through  which  the  work- 
ing fluid  is  used.  When  using  water  or  steam  as  the 
fluid  in  a  heat  engine  there  are  certain  practical  limita- 
tions to  the  temperature  range.  The  only  two  ways  to 
extend  this  temperature  range  when  using  steam  are  to 
increase  the  superheat  or  increase  the  pressure.  In- 
creasing the  superheat  over  the  best  modern  practice 
does  not  promise  results  commensurate  with  the  ex- 
penditure of  heat  to  obtain  this  superheat,  since  increas- 
ing the  temperature  at  one  end  of  the  heat  cycle  simply 
involves  a  loss  in  the  efficiency  at  the  other  end.  In- 
creasing the  steam  pressure  does  promise  results,  and  it 
is  probable  that  the  tendencies  for  the  future  develop- 
ments in  thermo-dynamic  engines  will  be  toward  these 
higher  steam  pressures. 

Another  promising  method  of  increasing  tempera- 
ture range  is  that  to  which  attention  has  been  called  dur- 
ing the  last  year  or  two  by  Mr.  W.  L.  R.  Emmett.  He 
has  called  attention  to  the  advantages  of  using  mercury 
as  the  working  fluid  in  a  heat  engine  for  temperature 
ranges  above  those  available  with  steam.  After  work- 
ing the  mercury  through  a  given  temperature  range  the 
heat  remaining  in  the  mercury  is  transferred  to  water 
and  the  steam  thus  made  available  is  again  worked 
through  a  lower  temperature  range.  The  advantages 
of  this  are  that  the  steam  is,  in  practically  all  respects, 
the  same  as  in  standard  steam  turbine  practice,  and  the 
mercury  cycle  is  closely  similar  to  the  steam.  Addi- 
tional energy  is  made  available  from  the  same  amount 
of  initial  heat  due  to  the  greater  temperature  range  ob- 
tainalile  by  the  use  of  the  mercury.  The  main  disadvan- 
tage is  the  poisonous  nature  of  mercury  vapor  and  the 
difficulty  of  absolutely  preventing  its  leakage  at  the  high 
pressures  and  temperatures  of  the  mercury  boiler. 
These  practical  difficulties  make  it  too  early  to  predict 
whether  or  not  this  method  will  work  out  as  a  feasible 
solution  of  the  thermo-dynamic  engine  problem.  How- 
ever, it  can  be  said  that,  without  some  such  method  or 
device,  the  future  is  apt  to  bring  no  revolutionarv  im- 
provements in  thermo-dynamic  engines  over  the  best  of 
modern  practice.  Improvements,  of  course,  will  un- 
doubtedly continue  to  take  place,  but  it  cannot  be  hoped 
that  the  improvements  of  the  future  will  be  of  the  same 
revolutionan-  character  as  the  improvements  which  have 
taken  place  within  the  last  lo  or  1 5  years.  Here  again  we 
are  a])])roaching  so  close  to  the  law  of  conservation  of 
energy  that  it  is  safe  to  make  a  prediction  of  this  nature. 

In  the  matter  of  size  and  capacity  of  generating 
units  it  can  .safely  be  said  that  this  is  a  consideration 
that  will  hereafter  be  fixed  by  the  conditions  to  be  met 
and  not  by  any  inherent  limitation  in  our  abilitv  to  pro- 


duce units  of  any  desired  output.  We  now  have  units 
of  30  000  kw  capacity  in  service  and  still  larger  ones 
projected,  and  no  liruitations  of  design  or  material  ap- 
pear of  such  a  nature  as  to  place  a  stop  to  further 
progress  along  the  same  line. 

At  Omaha  in  June,  i8gS,  the  then  president  of  our 
Institute,  Dr.  A.  E.  Kennelly,  made  an  inaugural  ad- 
dress upon  the  topic,  "The  Present  Status  of  Electrical 
Engineering."  This  address  constitutes  a  very  conveni- 
ent milestone  by  which  to  judge  our  progress  since  that 
time,  and  in  this  address  I  will  take  the  liberty  of 
quoting  freely  from  this  1898  address  of  Past  President 
Kennelly.  In  the  matter  of  generator  sizes,  he  says: 
"In  1884  a  50  kw  dynamo  was  considered  a  large  ma- 
chine, while  a  100  kw  Edison  steam  dynamo  was  justly 
called  a  'Jumbo.'  At  present  the  largest  size  of  gener- 
ator Iniilt  or  building  is  of  4600  kw  capacity."  In  the 
14  years  from  1884  to  189S  the  maximum  size  of  gen- 
erator therefore  increased  46-fold,  while  in  the  17  years 
since  that  time  the  increase  has  only  been  7-fold.  While 
the  increase  in  capacity  therefore  has  been  a  marked 
one.  the  rate  of  increase  has  not  been  so  rapid  during 
the  last  17  years  as  it  was  in  the  previous  14  years,  a 
result  which  natur.illy  might  have  been  anticipated.  The 
future  will  undoubtedly  continue  to  produce  larger  and 
larger  capacity  machines,  the  limit  as  to  size  being  dic- 
tated by  plant  capacity  and  economic  considerations, 
and  not  by  any  inability  to  produce  the  larger  sizes. 

In  the  matter  of  seUing  price  of  such  apparatus,  the 
following  extract  from  Kennelly  in  1898  may  be  of 
interest:  "The  price  of  dynamos  in  1882  was  about  20 
cents  per  watt  of  output,  while  dynamos  of  similar  run- 
ning speed  for  comparatively  small  sizes  without  switch- 
boards now  cost  about  two  cents  per  watt."  The  speed 
and  size  of  these  units  is  not  mentioned,  but  it  may  be 
said  in  comparison  that  nowadays  prices  are  frequently 
(|uoted  below  half  a  cent  per  watt.  In  this  respect  again 
the  improvement  in  the  last  17  years  has  not  been  so 
marked  as  it  was  in  the  14  years  previous.  In  the  next 
succeeding  period  it  is  probable  that  a  still  smaller  de- 
gree of  improvement  will  occur.  \\'e  are  approaching 
a  saturation  point  in  this  respect. 

It  may  be  well  to  point  out  some  of  the  reasons  for 
this  approach  to  saturation  in  the  matter  of  costs.  The 
two  fundamental  costs  of  electrical  ajjparatus  are  those 
of  labor  and  material.  In  regard  to  the  item  of  labor,  I 
submit  that  it  is  safe  to  predict  that  the  tendency  for  the 
future  will  be  for  the  cost  of  labor  to  increase  rather 
than  decrease.  Economies  in  the  use  of  labor  will  un- 
doubtedly take  place  by  the  introduction  of  the  methods 
of  scientific  management,  etc.,  but  these  need  not  be 
expected  to  be  revolutionary  in  character  so  far  as  cost 
of  apparatus  is  concerned.  The  tendency  of  the  labor 
item  will  unquestionably  be  toward  appreciation  rather 
than  depreciation.  In  regard  to  the  item  of  material, 
modern  design  has  approached  very  close  to  the  physical 
linn'ts  of  available  materials.  Take,  for  instance,  the 
property  of  permeability  possessed  by  irons.  With 
higher  permeability,  making  available  greater  flux  densi- 
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ties,  the  cost  of  electrical  apparatus  might  be  consider- 
ably reduced.  That  the  future  will  bring  some  improve- 
ment in  this  respect  is  unquestionable ;  but  it  is  further 
highly  improbable  that  this  improvement  will  be  of  such 
a  revolutionary  character  as  to  cause  any  sweeping 
change  in  the  cost  of  electrical  apparatus. 

The  hysteresis  and  eddy  current  losses  that  take  place 
in  irons  and  steels  that  are  subjected  to  varying  magnetic 
fluxes  is  another  of  the  limits  encountered  in  the  design 
of  electrical  machines.  Marked  progress  has  been  maile 
in  this  respect  in  recent  years.  Our  modern  transformer 
steels  in  the  matters  of  losses  and  iron  ageing  qualities 
show  a  vast  im])rovement  over  those  formerly  availal)le. 
Unfiirlun.'itely.  these  improvements  have  so  far  lieen  ac- 
companied by  a  decrease  in  permeal)ility.  which  is  highly 
objectionable,  particularly  in  rotating  machinery.  Un- 
questionably, further  improvements  will  be  made  in  the 
magnetic  qualities  of  our  irons  and  steels,  but  these  im- 
provements will  jjrobably  make  no  revolutionary  change 
in  the  costs  of  electrical  apparatus. 

The  conductivity  of  copper  and  other  metals  is  :in- 
other  physical  property  that  sets  a  limit  to  the  output 
and  cost  of  our  electrical  apparatus.  Apparently  we 
have  reached  a  definite  limit  in  this  respect.  The  con- 
ductivity of  the  copper  of  commerce  is  within  an  ex- 
tremely small  percentage  of  that  of  pure  C()i>])cr.  and 
we  cannot  expect  to  obtain  a  higher  conductivity  in 
cojiper  than  that  of  purity.  There  remains,  of  course, 
the  inissil)ility  of  using  some  metal  other  than  copper, 
but  at  present  there  is  little  promise  in  that  possibility. 
There  is  apparently  no  metal  that  even  approaches  the 
space  and  cost  characteristic  of  copper  that  makes  it  so 
essential  to  the  construction  of  electrical  apjiaratus. 
Aluminum  is  a  competitor  only  when  the  volume  of  the 
conductor  is  not  an  essential  element  in  design,  as  in 
transmission  lines  and  the  like. 

One  of  the  most  pressing  of  our  existing  limitations 
to  a  reduction  in  cost  of  electrical  ajiparatus  is  that  fixed 
by  temperature  rise.  The  output  of  a  piece  of  electrical 
ai)]iaratus  increases  with  the  tem])erature  rise,  and  the 
temperature  rise  in  turn  is  dictated  l^y  the  point  of  bal- 
ance between  the  rate  at  which  heat  is  i>ut  in  and  that  at 
which  it  is  taken  out  of  a  machine.  The  rate  at  which 
heat  is  put  in  depends  largely  upon  such  physical  char- 
acteristics, as  hysteresis  and  permeability  of  iron  and 
conductivity  of  copper,  which  characteristics  are  already 
being  crowded  tf)  the  limit  by  our  modern  designs.  The 
rate  ;U  whirii  heat  is  dissijiated  de])ends  upon  the  efficacy 
of  the  ventilation  methods  used,  and  in  this  particular 
there  is  considerable  opportunity  for  improvement.  The 
methods  and  devices  for  taking  heat  out  of  machines  are 
just  as  important,  when  considering  tem|)erature  rise,  as 
the  prevention  of  heat  from  entering.  \\'hile  there  is 
unquestionably  room  for  considerable  improvement  in 
this  particular,  there  is  a  question  as  to  whether  it  will 
cause  any  material  reduction  in  the  costs  of  such  appa- 
ratus. The  additional  costs  of  applying  the  more 
elficient  methods  of  dissipating  heat  will  go  far  toward 
nullifying  their  tendency  toward  a  reduction  of  cost. 


However,  there  is  one  line  of  development  that  does 
]jromise  some  reduction  in  cost,  and  that  is  the  tendency 
toward  higher  operating  temperatures.  In  the  past  the 
maximum  operating  temperature  has  been  fixed  by  the 
disintegrating  point  of  fibrous  insulation,  and  this  point 
has  placed  a  very  definite  and  logical  limit  to  tempera- 
ture rises  in  such  a  machine.  However,  when  types  of 
insulation  are  used  which  do  not  have  this  definite  tem- 
perature of  disintegration,  this  reason  for  such  a  tem- 
[)crature  limit  disappears.  Just  how  far  we  can  go  in 
apparatus  temperatures  without  exceeding  the  safe 
limits  of  these  heat-resisting  insulations  is  as  yet  prob- 
lematical. However,  a  limit  to  an  indefinite  extension 
in  this  direction  is  set  by  the  tem]jcrature  co-efficient 
of  copi)er  conductors,  the  property  that  ca\ises  the  re- 
sistance to  rise  with  increasing  temjieratiux',  thereby 
causing  still  higher  losses  ami  in  turn  still  higher  tem- 
peratures. If  we  go  high  enough  we  will  reach  a  point 
of  unstable  e((nilibrium  in  this  temperature  rise  curve 
where  tlie  apparatus  will  literally  and  automatically 
"liurn  out."  This  point  is,  of  course,  far  above  anything 
that  is  projected  at  the  present  time,  but  while  we  are 
looking  for  limits  we  might  as  well  recognize  that  such 
an  one  exists. 

In  the  matter  of  power  [jroduclion,  therefore,  al- 
though we  have  steadily  improved  in  the  past,  both  as 
to  costs  and  as  to  performance,  and  although  we  may 
expect  to  continue  this  steady  improvement  in  the  fu- 
ture, we  must  not  expect  that  these  improvements  will 
be  of  the  same  revolutionary  character  as  they  have  been 
in  the  past.  \\'e  can  see  ahead  of  us  a  definite  limit,  be- 
yond which  it  w  ill  be  impossible  to  improve  the  methods 
of  power  production  now  in  use.  I  do  not  mean  to  say 
that  there  will  be  no  new  or  revolutionary  methods  de- 
veloped in  the  fiume,  but  so  long  as  we  continue  to  get 
our  power  from  falling  streams  and  burning  coal  we 
nerd  not  expect  to  see  the  same  radical  improvements 
in  the  future  as  have  distinguished  the  past.  To  illus- 
trate my  point  mori-  fully  let  us  consider  the  nature  of  a 
water  power.  \\  ater  is  evaporated  by  the  action  of  the 
sun  and  is  carried  miles  above  the  earth  into  the  clouds. 
I  lere  it  is  precipitated  in  the  form  of  rain  or  snow  and 
falls  on  the  earth.  The  streams  carry  this  water  back 
to  the  ocean  and  it  is  then  ready  to  repeat  the  cycle. 
( )iu-  existing  water  powers  utilize  an  almost  infinitesi- 
mally  small  part  of  this  water  over  an  almost  infini- 
tesimally  siuall  part  of  the  total  height  to  which  the  sun 
carried  ii.  Insofar  as  the  water  we  use  is  concerned, 
we  do  fairly  well,  but  the  part  of  the  sun's  energy 
which  we  thereby  realize  is  so  infinitesimally  small  that 
it  ]nUs  us  to  shame.  Some  W'estinghouse  or  Edison  of 
the  future  will  show  us  how  to  use  the  sun's  energy 
directly.  The  point  I  wish  to  make  is  that  the  revolu- 
tionary improNcmenls  in  power  production  methods  of 
the  future  must  come  in  a  fundamental  change  of 
method  rather  than  in  the  continued  improvement  of 
existing  metliods. 

So  much  then  for  the  methods  of  producing  power, 
in  the  niatter  of  utilization  of  power,  a  few  comparisons 
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with  the  past  may  not  be  amiss.  As  indicated  early  in 
this  address,  the  modern  motor  has  reached  a  stage, 
in  so  far  as  efficiency  is  concerned,  such  that  httle  im- 
provement may  be  expected.  We  are  within  a  com- 
paratively few  percent  of  perfection  in  this  respect.  The 
progress  of  the  future  will  undoubtedly  come  from  im- 
provements in  methods  of  application,  and  in  this  direc- 
tion the  field  is  inexhaustible.  For  instance,  the  problem 
of  applying  electrically  the  large  amounts  of  power 
which  are  demanded  by  our  modern  railroad  trains  has 
not  yet  received  a  solution  which  is  satisfactory  to  all 
concerned.  That  the  problem  will  be  solved  there  is  no 
doubt  in  my  mind,  but  just  how  is  a  question  that  I  do 
not  propose  to  discuss  in  this  address.  However,  this 
is  only  one  of  the  many  problems  that  confront  the  elec- 
trical engineer.  The  devising  of  methods  for  the  appli- 
cation of  electricity  to  our  modern  industries  constitutes 
the  occupation  of  no  small  part  of  our  fraternity  :  as 
witness  the  many  pages  in  our  Proceedings  that  have 
been  occupied  during  the  past  years  by  the  activities  of 
the  Industrial  Power  Committee.  It  is  along  this  line 
that  we  may  expect  much  of  what  the  future  may  have 
to  offer  us  of  a  revolutionary  character. 

In  the  field  of  electric  lighting  there  have  been  devel- 
opments of  importance.  After  the  telegraph,  in  point 
of  time,  the  electric  light  was  the  first  practical  applica- 
tion of  electricity. 

Most  of  our  modern  development  in  electrical  engi- 
neering has  taken  its  initiative  from  the  supply  of  elec- 
tric lighting  to  our  communities.  In  this  matter  of  elec- 
tric lighting  let  me  quote  again  from  Kennelly's  1898 
address.  He  says :  "The  price  of  a  16  candle-power 
incandescent  lamp  16  years  ago  was  about  $1.  Now  it 
is  about  18  cents.  The  best  lamps  at  that  time,  under 
laboratory  conditions,  gave  about  0.28  mean  horizontal 
normal  British  candle-power  per  watt,  and  under  com- 
mercial conditions  about  0.20.  The  highest  pressure  for 
which  they  could  then  be  obtained  was  about  no  volts. 
At  the  present  time  lamps  are  obtainable  giving  nor- 
mally 0.4  mean  horizontal  British  candles  per  watt, 
while  under  commercial  conditions  the  average  lamp 
normally  develops  about  0.25  candle  per  watt.  They  can 
also  be  obtained  (at  0.25  candle  per  watt)  for  pressures 
up  to  240  volts,  and  are  frequently  installed  on  220  volt 
mains." 

Kennelly,  therefore,  records  an  improvement  in  16 
years  of  about  50  percent  in  cost  of  lamps  to  the  con- 
sumer and  about  50  percent  in  efficiency.  The  introduc- 
tion of  the  metal  filament  lamp  has  enabled  us  today  to 
record  a  much  greater  rate  of  improvement  in  efficiency 
than  Kennelly  did.  In  the  17  years  we  have  im- 
proved our  maximum  efficiency  about  looo  percent, 
an  advance  which  is  truly  marvelous.  But  here  is  a  field 
where  we  have  a  long  way  to  go  yet  without  reaching 
a  possible  limit.  It  is  true  that  the  melting  point  of  the 
now  available  materials  seems  to  place  the  limit  of  lamp 
efficiency  at  a  point  not  much  higher  than  that  which  we 
have  at  present.  However,  when  we  come  to  compare 
the  efficiencies  of  even  our  best  lamps  with  that  attained 


by  the  fire-fly,  it  is  evident  that  we  still  have  a  long  way 
to  go  before  we  have  reached  perfection. 

In  the  matter  of  power  transmission,  progress  dur- 
ing the  past  few  years  has  been  remarkable.  In  1898 
the  record  reads :  "The  electric  transmission  of  the 
power  of  falling  water  is  a  branch  of  engineering  that 
has  come  into  service  since  1884,  and  is  making  rapid 
strides,  owing  to  the  recent  successful  employment  of 
high  voltages  and  multi-phase  alternating  currents.  It 
has  been  estimated  that  about  150000  kw  of  this  class  of 
machinery  is  installed  in  the  North  American  continent, 
commercially  transmitting  power  to  various  distances  up 
to  85  miles,  at  various  pressures  up  to  40000  volts." 
Since  Kennelly  wrote,  17  years  ago,  the  maximum  trans- 
mission voltages  have  gone  up  about  three  and  three- 
fourths  times;  the  maximum  then  was  40000,  and  now 
is  150000  volts.  The  maximum  distance  of  transmis- 
sion has  gone  up  about  three  and  one-half  times,  245 
miles  as  against  85,  and  the  installed  capacity  of  water 
power  plants  on  the  North  American  continent  about 
nine  times,  i  350000  instead  of  150000  kw.  Kennelly 
also  mentions  in  his  record  that  "Insulation  testing  sets 
have  been  made  for  producing  alternating  pressures  up 
to  160000  volts  effective."  In  this  respect  we  can  go  at 
least  ten  times  better  than  he  reported,  i  000000  volts 
from  transformers  having  been  made  available  on  more 
than  one  occasion,  and  in  some  cases  the  voltage  avail- 
able from  transformers  has  been  pushed  even  higher. 
This  matter  of  power  transmission  is  a  branch  of  our 
industry  wherein  the  progress  of  the  last  17  years  since 
Kennelly  made  his  record  has  advanced  with  probably 
greater  rapidity  than  in  any  other  branch.  I  feel  very 
sure  that  the  President  of  our  Institute  who  comes 
along  17  years  hence  and  compares  the  then  conditions 
with  my  record  will  not  be  able  to  claim  any  such  ad- 
vance as  that  we  now  may  claim  over  1898.  This  fol- 
lows because  we  are  approaching  some  fairly  well- 
defined  limits  in  these  matters.  For  instance,  in  the 
question  of  increasing  transmission  voltages  we  are 
close  to  the  corona  limit.  The  appearance  of  corona  in 
the  transmission  line  means  the  continual  loss  of  power, 
and  therefore  corona  caimot  be  tolerated  to  any  appre- 
ciable degree.  There  are,  of  course,  methods  of  increas- 
ing the  voltage  range  somewhat  before  corona  is  pro- 
duced, such  as  increasing  conductor  diameter,  but 
it  can  readily  be  seen  that  the  limits  of  such  remedies 
will  be  reached  long  before  transmission  voltages  have 
increased  by  the  same  ratio  as  they  have  in  the  past 
17  years. 

Another  limit  that  we  are  approaching  in  the  matter 
of  power  transmission  is  the  econonnc  one.  Trans- 
mitted power  costs  more  than  that  generated  at  the 
point  of  delivery  on  account  of  the  cost  of  and  the 
losses  in  the  transmission  line.  There  obviously  is  a 
limit  to  the  investment  that  can  be  made  in  transmission 
lines  and  stilj  be  able  to  supj)ly  power  with  the  same 
economy  as  it  can  be  generated  n\»\u  the  ground.  This 
consideration,  coupled  with  the  rapid  advance  in 
methods  of  generating  power  from  steam,  have  in  my 
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iniiul  placed  an  economic  limit  to  the  transmission  of  .\nd  so  we  might  go  on  indefinitely  and  draw  corn- 

water  power  so  that  we  cannot  expect  any  such  advances     parisons  with  past  practices.    Always  we  find  progress ; 


also  we  find  that  the  rate  of  progress  is  not  so  high  now 
as  it  was  in  previous  years.  This  is  but  the  working  out 
of  a  natural  law.  Electricity  is  no  longer  the  infant  that 
it  was  formerly  jMCtured,  and  cannot  be  expected  to  con- 
tinue the  rate  of  growth  of  the  infant.     It  is  attaining 


in  the  future  as  the  past  lo  or  15  years  have  given  us. 
That  there  will  continue  to  be  improvement  and  advance 
no  one  can  doubt,  but  its  rate  will  certainly  l)c  dimin- 
ished. 

Transmission  l)y  high  voltage  direct  currents  has 
received  some  alleiUion  of  recent  years.  While  there  is  the  vigor  and  strength  of  manhood.  It  is  contrary  to 
no  question  but  that  the  problems  of  i)ure  transmission  natural  law  that  either  a  child  or  an  industry  can  have 
are  much  simj^litied  by  the  use  of  direct  currents,  the  raj)idity  of  growth  and  at  the  same  time  strength  and 
accompanying  problems  of  the  generation  and  utilization  stability  of  character.  Unquestionably,  the  rapidity  of 
are  so  much  intensified  that  nothing  is  to  be  gained  in 
this  manner.  I  would  [)rcdict  no  material  advance  for 
the  future  in  direct-ciUTcnt  transmission  of  power  un- 
less some  means,  as  yet  undeveloped,  is  found  by  which 
its  generation  and  utilization  are  made  easier  and  safer 
than  is  possible  at  present. 


our  development  is  not  so  great  now  as  it  was  when 
Kennelly  sjjoke  in  1808,  and  in  this  respect  we  are  fol- 
ic iwing  but  a  natural  law.  At  the  same  time,  our  voca- 
tion is  acquiring  a  stability  and  permanence  that  are 
aljsolulely  incompatible  with  the  rate  of  growth  that 
characterized  our  earlier  vears. 


Direct-Trip  Reverse  Current  Devices  for 
Direct-Current  Circuits 


H.  E.  Trent 


TilK  r)KM.\.\l)  for  an  eflicient  means  for  inter- 
rupting a  circuit  when  current  flows  in  the  re- 
verse to  the  normal  direction  has  resulted  in 
many  attempts  to  secure  a  dependable  device  which 
will  operate  directly  on  the  trip])ing  mechanism  of 
the  circuit  breaker,  f'rotection  against  overloads,  short- 
circuits,  underloads,  under-voltage  and  over-voltage  is 
secured  by  electro-mechanical  direct-tri])  attachments 
to  the  circuit  breakers,  while  the  protection  of  circuits 
from  reserve  currents  owing  to  the  difficulties  of 
design    has    mainly    l:e?n     fdlecl    in    tiie    |)ast    by    the 


FIG.    I — 75  .VMl'lCKK,    I.'5   VOI.T   CARIION    CIKCnT   BRKAKER 

Fitted  with  reverse  current  mccliaiiisni   (tyjie  CD), 
use  of  relays  actuated  by  the  current  of  the  circuit  ant 


is  incorporated  in  the  control  mechanism,  making  the 
speed  of  tripping  somewhat  slower  and  detracting  from 
reliability;  and  it  is  more  costly  than  a  direct-trip  mech- 
anism. 

Direct-trip  reverse-current  devices  can  be  divided 
into  two  groups ;  those  suitable  for  the  protection  of 
generators,  motor-driven  series-wound  boosters  or 
rotary  converters  connected  in  parallel  and  with  large 
liattery  equijiments  where  exacting  service  may  be  ex- 
])ected,  and  those  suitable  for  small  battery  charging 
installations  where  the  maxinunu  conditions  can  easily 
b','  predetermined. 


Conlxl  Hoher- 
Jfmnl  Teminal^ 
■Jhml  Coil 
-Jena  Coil 
■Hciinel 
' ^..^/Irimliire 
■Jcalt  Phle- 
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-ni.\r.R.\M    OF   I'ARTS  OF   TVPK   CI)  CIRCIIT   nRF.AKFR 

The  protection   of   batteries  by  an  overload  circuit 


in  turn  energizing  a  trip  coil  on  tiie  circuit  breaker.   The      breaker  prevents  a  battery  from  being  charged  too  rap- 
main  objection  to  this  arrangement  is  that  an  extra  link      idly  or  discharged,  but  will  not  jirevent  discharge  at  a 
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rate  below  the  overload  setting  of  the  circuit  breaker. 
If  the  dynamo  were  to  stop,  no  doubt  the  overload  fea- 
ture would  operate,  but,  if  due  to  some  defect  of  the 
dynamo  or  prime  mover,  the  voltage  falls  below  the 
battery  voltage,  then  the  dynamo  is  running  as  a  motor 
and  taking  current  from  the  battery.  To  avoid  the  pos- 
sibility of  this  condition,  it  is  imperative  to  have  an 
efficient  reverse  current  device.     If  the  source  of  power 


nc.  3  FIG.  4 

Fig.    3 — Connections   of   circuit   breaker    with    reverse   current 

relay  for  the  protection  of  a  battery  charging  generator. 
Fig.  4 — Connections   for  a  circuit  breaker  with   under-voUage 

relay  for  the  protection  of  a  battery  charging  generator. 

for  changing  the  battery  be  a  constant  voltage  circuit, 
an  underload  feature  on  the  circuit  breaker  will  discon- 
nect the  battery  circviit  when  reijuireil,  but  the  best- 
known  underload  device  will  not  take  care  of  rapid 
reversals  of  current. 

An  efficient  reverse  current  device  is  necessary,  for 
instance,  where  batteries  are  depended  upon  to  take  care 
of  peak  loads  or  are  required  to  maintain  the  operation 
of  railway  signals  in  case  of  failure  or  interruption  of 
the  other  source  of  supply. 


FIGS.   5   AND  6 — Ri:.-\R  .\N"D   FRONT  VIEWS   OF   4(MX)   ..\MPF.RE,   750  VOI.T 
CIRCUIT   BREAKER 

For  overload  and  reverse  current  protection   (type  CA). 

One  type  of  reverse  current  circuit  breaker  depends 
essentially  upon  the  differential  action  of  two  coils — a 
shunt  coil  energized  by  the  voltage,  and  a  series  coil 
actuated  by  the  main  current  of  the  circuit.     Figs,   i 


and  2  show  a  circuit  breaker  fitted  with  such  a  reverse 
current  mechanism.  This  device  consists  of  a  laminated 
iron  magnet,  on  the  upper  side  of  which  is  a  series  and  a 
shunt  coil ;  beside  the  lower  side  an  iron  tripping  arma- 
ture is  pivoted.  The  circuit  breaker  is  connected  to  the 
circuit,  as  shown  in  Fig.  3. 

The  shunt  coil  is  so  wound  that  the  resultant  flux  is 
in  opposition  to  the  flux  due  to  the  series  coil  when  the 
current  is  in  the  normal  direction.  When  a  reverse  cur- 
rent is  developed  the  combined  magneto-motive  forces 
of  the  shunt  and  series  coils  lift  the  iron-tripping  arma- 
ture and  trip  the  circuit  breaker.  Although  this  mech- 
anism can  be  calibrated  over  a  range  of  approximately 
five  to  twenty-five  percent  reverse,  and  is  satisfactory 
for  battery  charging  work,  it  is  not  suitable  for  use  with 
a  falling  voltage,  as  the  accuracy  of  tripping  action  de- 
pends upon  the  combined  flu.xes  of  the  shunt  and  series 
coils.    It  is  also  liable  to  open  an  overload. 

For  certain  service,  such  as  garage  work,  where 
batteries  of  widely  varying  capacities  are  handled,  an 
overload  and  reverse  current  circuit  breaker  is  not  the 
most  suitable  protection  that  can  be  afforded,  while  an 
overload  and  under-voltage  circuit  breaker  will  meet 
the  requirements  of  this  class  of  service  more  satisfac- 
torily. The  function  of  the  voltage  winding  on  the 
reverse  current  element,  as  previously  stated,  is  to 
polarize  the  magnetic  circuit  and  is  necessary  to  prevent 
the  battery  supplying  current  to  the  generator  should 
the  charging  voltage  fall  below  that  of  the  battery. 
Where  the  maximum  voltage  of  the  battery  is  likely  to 
be  much  below  that  of  the  generator,  then  an  under- 


FIG.   7 — 500  AMPERE,  750  VOI.T,  FOUR  POLE  CARBON   CIRCUIT  BKEAKKR 

With  overload  reverse  current  and  inverse  time  limit  relay 
(type  C.\). 

voltage  circuit  breaker  should  be  used.  Such  an  ar- 
rangement, as  shown  in  Fig.  4,  permits  the  satisfactory 
charging  of  batteries  within  the  capacity  of  the  dynamo, 
running  over  a  wide  range  of  voltage. 

When  applied  for  the  protection  of  generators  or 
rotary  converters  connected  in  parallel,  the  reverse  cur- 
rent circuit  breaker  meets  the  most  exacting  conditions 
known,  for,  should  one  of  a  grouj)  of  generators  fail, 
the  current  reversal  is  very  rapid  and  heavy,  and  would 
r.ot  only  prove  destructive  to  the  generator,  but  would 
possibly  cause  a  serious  interruption  of  the  complete 
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installation.  To  meet  all  the  conditions  before  men- 
tioned, it  is  necessary  that  the  reverse  current  mechan- 
i?m  should  conform  to  the  following  specifications : — 

I — It  must  be  self-contained. 

2 — It   must   not  open   on   underload   or    failure   of   current 

supply. 
3 — It  must   not   trip   the   circuit   breaker   on    an   overload, 

however  great  its  value. 
4 — It  must  have  scale  accessible  and  adjustable  from  two  to 

25  percent  of  normal  load. 
5 — It  should  preferably  be  so  constructed  that  the  tripping 

force  increases  with  the  value  of  reverse  current. 
6 — It   must   operate   positively   over   a   wide   variation    of 

voltage. 
7 — It  must  have  reliable  pivots  for  suspending  armature. 

This  pivoting  must  be  sensitive;  must  carry  the  min- 
imum load  and  not  the  maximum ;  must  not  be  capable 
of  being  jammed;  therefore  anything  in  the  nature  of 
screw  adjustment  of  pivots  should  be  avoided.  The 
armature  of  tlic  mechanism  should  be  supported  in  such 


\\Mdm    mmHttiHtM 
KIG.  8 — l)IAGR.\M   01-  Ol'KRATING   PARTS   OK  TVPE  CA  CIRCUIT   BRKAKKR 

a  manner  and  relation  to  the  magnetic  circuit  that  the 
tractive  effort  of  the  magnetic  fiux  imposes  the  mini- 
mum load  on  the  pivots  whether  under  normal  condition 
of  the  circuit  or  during  reverse  current ;  this  permits  the 
use  of  knife  edge  supports,  thereby  giving  a  maximum 
of  sensitiveness. 

Reverse  current  circuit  breakers  designed  to  fultill 
the  foregoing  specification  are  shown  in  Figs.  5  and  6. 
Pig.  8  shows  details  of  construction  of  the  same  type  of 
circuit  breaker  which  entirely  fulfills  all  the  above  con- 
ditions and  consists  of  an  armature  held  by  a  bracket 
resting  on  knife  edge  supports;  four  shunt  coils  con- 
nected across  the  bus-bars,  carried  on  soft  iron  cores, 
terminating  in  pole  pieces  on  the  front  of  the  board, 
and  at  the  back  of  the  board  bolted  to  a  magnetic  cir- 
cuit which  passes  over  the  circuit  breaker  studs ;  or  for 
low  cajiacity  a  coil  of  one  or  more  turns  of  copper  is 
wound  over  the  magnetic  circuit  and  connected  in  series 
with  the  circuit  breaker.  The  action  of  this  mechanism 
is  as  follows : — \\\\\\  the  current  through  the  circuit 
breaker  in  the  normal  direction  a  magnetic  flux  is  pro- 
duced in  the  magnetic  circuit  with  a  polarity  of  N  &  S ; 


then  the  magnetic  flux  due  to  the  lower  shunt  coils  is 
u  &  s,  and,  in  conjunction  with  the  flux  due  to  the 
series  current,  holds  the  armature  down  towards  the 
lower  poles.  The  magnetic  flux  due  to  the  upper  shunt 
coils  having  a  polarity  of  s  &  n  are  in  opposition  to  the 
flux,  due  to  the  series  current  in  the  normal  direction. 
Therefore,  no  amount  of  overload  can  cause  this  reverse 
mechanism  to  operate  the  circuit  breaker.  With  a  re- 
versal of  the  series  current,  the  polarity  of  the  magnetic 
circuit  is  reversed  in  respect  to  the  polarity  of  the  shunt 
coils,  and  the  flux  produced  opposes  the  lower  shunt 
jioles  and  strengthens  the  upper  shunt  poles,  causing 
the  armature  to  be  lifted  against  the  upper  pole  pieces, 
simultaneously  tripping  the  circuit  breaker  by  means 
nf  the  trip  screw  and  trip  rod.  It  should  be  noted 
that  the  flux  due  to  the  shunt  coils  supply  most  of  the 
power  for  tripping,  while  the  flux  due  to  the  series  cur- 
lent  supplies  the  directional  flu.x. 

The  effect  of  voltage  variation  is  shown  in  Fig.  9 
by  a  15  percent  reverse  curve,  which  illustrates 
the  small  change  of  reverse  current  required  to  trip  the 
circuit  breaker  with  voltages  varying  from  80  percent 
below  to  50  percent  above  the  normal  load  pressure. 

When  used  where  the  voltage  may  fall  to  zero,  as  in 
the  case  of  a  severe  short-circuit,  additional  protection 
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FIG.    9 — CURVE    SHOWING    REVERSE    CURRENT    REQUIRED    TO    TRIP 
REVERSE  CURRENT  CIRCUIT  BREAKER 

to  the  circuit  may  be  supplied,  such  as  a  no-voltage 
device,  although  it  has  been  found  in  practice  that  the 
residual  magnetism  due  to  the  shunt  winding  with  con- 
sequent heavy  reverse  magneto-motive  force  is  often 
sufficient  to  insure  operation  of  the  circuit  breaker  under 
\  ery  exacting  conditions. 


Factors  Governing  the  Cost  of  Power 

George  P.  Roux 

Consulting  Engineer 

Pliiladelphia,  Pa. 

THE  COST  of  power  is  one  of  the  elements  entering  into  the  manufacturing  costs  of  many  industries.  As 
there  are  in  nearly  all  manufacturing  centers  a  number  of  methods  of  providing  the  necessary  power,  it 
becomes  one  of  the  problems  of  the  industrial  executive  to  decide  which  method  will  be  most  satisfactory 
for  his  particular  conditions.  He  must  either  make  a  study  of  the  problem  himself  or  depend  on  some  one 
who  has  had  sufficient  experience  to  make  r.  suitable  analysis.  The  following  article  presents,  in  quite  elab- 
orate detail,  the  points  to  be  considered.  While  it  may  not  be  necessary  nor  advisable  to  call  attention  to 
all  the  factors  mentioned,  the  student  of  power  costs  should  at  least  be  aware  of  their  existence  and  take 
them  into  consideration  with  regard  to  their  bearing  on  any  particular  power  problem. —  [Ed.] 


ACOMP.\RISON  of  power  costs,  to  be  of  value, 
should  be  complete,  true  and  accurate.  All  the 
facts  should  be  laid  bare,  each  one  analyzed  and 
autopsied,  and  then  weighed  into  a  scale  from  which  the 
verdict  may  be  read.  Failure  to  follow  this  process 
is  liable  to  bring  to  the  power  user  costly  disillusions, 
otherwise  called  "experience,"  with  no  other  remedy  but 
to  suffer  the  loss,  or  to  adopt  corrective  measures.  Of 
the  two  propositions  to  be  considered  and  compared, 
one,  the  manufactured  power,  requires  in  almost  every 
case  a  complicated  elaboration  of  data  to  arrive  at  the 
cost ;  the  other,  purchased  power,  is  more  scientifically 
defined  Ijv  a  few  figures  for  specific  electrical  units. 

MANUFACTURED    POWER 

Commonly  it  is  the  practice  to  estimate  the  cost  of 
luanufactured  power  on  the  basis  of  cost  of  production, 
including  operation  and  maintenance  expenses.  To  this 
cost  is  added  an  item  intended  to  cover  the  fixed 
charges,  in  which  are  included  interest  on  the  invest- 
ment, insurance  and  taxes,  depreciation  and  obsoles- 
cence, all  estimated  with  various  degrees  of  accuracy. 
There  are  other  factors  which  are  often  given  no  con- 
sideration or  entirely  ignored,  such  as  floor  space  rental 
or  real  estate,  increase  in  assessment  of  property, 
stand-by  or  reserve  generating  capacity  and  the  profit 
producing  capacity  of  the  investment  in  power  plant  as 
compared  with  the  saiue  amount  of  capital  invested  in 
the  regular  business,  as  well  as  other  minor  iteius  which 
are  here  reviewed  in  detail. 

In  an  existing  isolated  plant  there  is,  as  a  rule,  more 
or  less  complete  information  and  data  from  which  the 
cost  of  production  may  be  determined  when  the  records 
have  been  kept  accurately  and  properly  over  a  period 
long  enough  to  represent  average  normal  operating  con- 
ditions. When  a  new  jilant  is  under  consideration  the 
task  of  the  engineer  is  more  complicated,  and  a  complete 
knowledge  of  the  power  requirements,  followed  by  a 
thorough  study  of  the  situation  peculiar  to  each  case,  is 
necessary  in  order  to  formulate  an  estimate  of  the  cost 
of  power. 


After  all  the  elements  having  a  bearing  on  the  cost 
of  power,  either  directly  or  indirectly,  have  been  care- 
fully investigated  and  analyzed,  the  cost  of  power  is  to 
be  determined  in  two  parts — cost  of  production,  and 
fixed  charges.  To  each  one  of  these  items  must  be 
charged  all  legitimate  expenses  without  which  the  power 
plant  could  not  be  operated  properly  and  continuously. 
The  power  plant  should  be  treated  as  an  industry  within 
another  industry. 

COST   OF    PRODUCTION 

To  this  account  should  be  charged  all  expenses  which 
are  affected  by  the  output  and  that  are  necessary  for  the 
operation  and  maintenance,  repairs  and  upkeep  of  the 
power  plant  equipment  and  buildings,  and  covering 
periods  of  production  as  well  as  of  idleness.  These  ex- 
penses are  generally : — 

Fuel,  including  freight,  hauling  and  unloading  into 
the  coal  bunkers  or  storage.  When  for  certain  reasons 
a  stock  of  fuel  in  excess  of  a  reasonable  supply  is  to  be 
kept  it  should  be  charged  to  capital  account,  or  else 
allowance  made  for  the  interest  on  the  investment.  The 
fuel  consumption  must  be  estiiuated  with  due  regard  to 
the  load  factor  and  not  for  a  condition  prevailing  only 
at  one  time,  and  must  be  based  on  commercial  and  not 
on  acceptance  test  efficiencies.  When  dealing  with  a 
new  ])lant  the  engineer  is  in  most  cases  liable  to  take  the 
theoretical  or  guaranteed  figures  as  to  fuel  requirements. 
These  values,  no  doubt,  are  true,  but  only  for  a  certain 
period,  and  allowance  must  be  made  for  a  reduced 
efficiency  due  to  wear  and  tear  and  varying  load  con- 
ditions. 

Ash  removal  generally  represents  an  expenditure. 
If,  on  the  contrary,  it  can  be  disposed  of  at  a  profit,  the 
fuel  account  should  be  credited.  It  is  important  to  take 
into  account  the  local  conditions,  and  if  some  other 
branch  of  the  manufacturing  plant  supplied  with  power 
is  in  any  way  inconvenienced  by  delays  in  handling  or 
otherwise  due  to  fuel  supply,  these  interferences,  if 
unavoidable,  must  be  appraised  and  charged  to  cost  of 
production  of  power. 
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Water,  including  its  treatment  when  necessary. 

Lubricants,  waste,  boiler  compound,  jjackings, 
gaskets,  miscellaneous  prime  mover  and  electrical  sup- 
plies. 

Labor  of  all  power  plant  hands,  including  pro-rated 
wages  of  timekeeper,  office  clerks,  purchasing  agent, 
store  clerks,  watchman  (if  plant  is  idle  at  night),  super- 
vision, stationery  and  other  supplies  too  often  over- 
looked. 

Accident  liability  i>isuranic. 

Professional  services  of  consulting  engineers  and 
experts ;  fuel  and  water  tests  and  analyses,  etc. 

Material  and  Labor  for  repairs  and  for  the  main- 
tenance of  all  power  plant  machinery,  apparatus,  build- 
ings and  api)urtenanccs. 

Fixed  Charges — Under  this  heading  are  to  be  classi- 
fied all  charges  incidental  to  the  operation  of  the  plant 
and  expenses  which  occur  whether  the  plant  produces 
power  or  not.  These  charges  include  the  following 
items : — 

Interest  on  the  investment  represented  by  the  total 
cost  of  labor,  services  and  materials  incurred  in  the  pur- 
chase and  installation  of  the  power  plant  equipment, 
ajiparatus,  buildings,  foundations,  real  estate,  and  any 
tangible  properties  whatsoever,  required  in  whole  or  in 
part  for  the  production  of  power. 

A  number  of  the  above  items  are  very  often  omitted, 
and  more  especially  those  referring  to  advisory  fees  and 
expenses  of  preliminary  investigation  and  engineering, 
sui:)ervision,  purchasing  agent  and  clerical  expenses  dur- 
ing construction,  freight,  haulage,  rigging,  housing  and 
losses  of  material  or  idle  labor,  accident  liabilities  insur- 
ance and  interest  on  investment  during  constructive 
period ;  also,  tests,  trials,  exjjeriments  and  adjustment  of 
all  apparatus  and  machinery  up  to  the  point  where  they 
are  in  normal  operating  conditions.  These  miscellaneous 
expenses  sometimes  exceed  ten  percent  of  the  cost  of 
the  plant  and  yet  are  but  slightly  considered. 

Depreciation  or  amount  to  be  set  aside  each  year  to 
amortize  all  the  items  entering  into  the  cost  of  the  plant 
and  enumerated  above,  so  as  to  have  available  at  the  end 
of  the  useful  life  of  each  one  item  a  sufticicnt  amount  of 
capital  to  replace  it.  Some  items  do  not  depreciate,  such 
as  real  estate,  subfoundations,  fills  and  excavations,  and 
as  they  need  not  be  replaced  no  depreciation  charges  are 
to  be  allowed.  The  other  items  should  be  classified  ac- 
cording to  the  prol)able  length  of  their  useful  life;  the 
cost  of  replacement  should  be  estimated  and  increased 
by  an  amount  sufficient  to  cover  the  cost  of  removing  the 
old  equipment,  then  the  sera])  value  or  salvage  should  be 
deducted.  Some  of  these  items,  like  copper,  have  a 
scrap  value  of  60  or  more  percent  of  their  original  cost ; 
others  have  no  scrap  value,  or  even  are  expensive  to 
remove. 

Should  the  nature  of  the  power  plant  be  such  as  to 
require  a  complete  or  partial  paralyzation  of  the  indus- 
trial i)lant  during  the  period  of  replacement,  an  item 
mu.st  be  provided  compensating  for  this  contingencv, 
based,  for  instance,  on  the  reduction  in  the  earning  ca- 


pacity of  the  business  due  to  the  forced  idleness  during 
the  replacement  of  the  equipment. 

Obsolescence — This  is  a  charge  which  in  a  great 
measure  depends  on  the  nature,  conditions  and  other 
kindred  features  of  the  industrial  plant  served  with 
power.  If  the  advent  of  more  efficient  types  of  apparatus 
or  machinery  is  liable  to  affect  the  earning  power  of  the 
industrial  plant  under  competition,  it  is  evident  that 
obsolescence  must  be  seriously  considered.  On  the  other 
hand,  if  the  same  economical  result  can  be  obtained  by 
im]Movemcnts  to  the  existing  plant,  the  expenditure 
would  become  a  charge  pertaining  to  capital  account  and 
would  l)e  taken  care  of  by  an  increased  interest  and 
depreciation  charge.  This  feature  can  be  best  estimated 
by  the  manager  of  the  industrial  plant.  However,  an 
allowance  should  be  made  for  just  such  a  contingency, 
or  else  the  depreciation  of  the  i)lant  should  be  figured 
on  the  basis  of  a  shorter  useful  life. 

.\n  improvement  that  pays  for  its  fixed  charges  only 
is  not  an  improvement  from  the  economic  standpoint.  It 
should  leave,  besides,  a  reasonable  profit ;  that  is,  a  de- 
creased cost  of  prodvtction. 

Taxes  form  an  item  that  is  often  superficially  esti- 
mated. This  matter  should  be  investigated  carefully  and 
all  taxes  pro-rated  and  incorporated  in  the  fixed  charges 
where  there  is  a  possible  increased  assessment  due  to  the 
power  plant.  Unfortunately,  taxes  are  very  seldom  dis- 
tributed at  all. 

Insurance  is  another  item  which  should  be  treated 
exactly  as  the  taxes. 

Reserve  Power  Generating  Capacity  ■ —  This  is  an 
item  that  the  writer  has  never  seen  incorporated  in  the 
cost  of  power.  The  omission  of  this  important  feature 
eliminates  the  possibility  of  making  a  correct  compari- 
son between  cost  of  manufactured  and  purchased 
power.  In  the  majority  of  cases  central  station  power 
can  be  depended  upon,  because  the  public  utility  com- 
pany has  provided  for  duplicate  or  reserve  equipment  to 
insure  continuity  of  service  in  case  of  a  breakdown  in 
any  part  of  its  system,  from  the  coal  pile  to  the  cus- 
tomer's service.  This  provision  represents  an  invest- 
ment worthy  of  consideration.  Where  the  private  power 
plant  consists  of  only  one  generating  unit,  estimate  must 
be  made  of  the  additional  investment  for  an  extra  unit 
having  a  sufficient  capacity,  witli  all  its  appurtenances, 
to  insure  continuity  of  service  in  the  supply  of  power  to 
at  least  such  part  of  the  industrial  plant  as  would 
otherwise  be  afifected  should  the  power  supply  from  the 
only  unit  fail.  If  the  jilant  consist  of  more  than  one 
unit  a  similar  estimate  must  be  made  cither  for  larger 
units  tlian  coiUemplated  or  existing  or  for  additional 
units,  to  provide  reserve  power  in  order  to  insure  the 
same  continuity  of  service  as  is  available  from  the 
])ower  supply  company.  The  total  cost  of  power  should 
then  be  figured  as  if  this  provision  was  actually  made, 
increasing  the  cost  of  operation  and  maintenance  in  pro- 
portion, as  well  as  the  fixed  charges,  depreciation,  etc. 

Profit  is  an  item  often  ignored  by  both  the  engineer 
and  the  business  man.    It  is  adnntted  that  if  an  isolated 
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plant  cost  complete  in  every  detail  $20  000,  for  instance, 
a  fixed  charge,  generally  on  the  basis  of  six  percent,  or 
$1200  per  annum,  is  to  be  charged  to  cost  of  power,  as 
representing  the  interest  on  the  capital  investment.  It  is 
thought  that  the  capital  investment  of  $20  000  is  a  part 
of  the  industrial  plant  just  as  essential  and  necessary  as 
the  building,  machinery,  stock  or  equipment.  This  was 
true  in  the  early  days  of  industrial  developments.  Con- 
ditions have  since  changed  and  the  isolated  plant  is  no 
more  a  necessary  adjunct  to  any  industrial  plant,  except 
in  a  few  cases  becoming  more  and  more  exceptions. 
Therefore,  the  cost  of  power  must  be  figured  with  due 
consideration  to  the  now  prevailing  conditions  where 
the  central  station  relieves  the  manufacturing  plant  of 
an  extra  Ijurden,  the  power  plant — the  nightmare  of 
many  industrial  enterprises.  The  stun  of  $20  000  is  but 
a  fraction  of  the  total  capital  investment  in  the  indus- 
trial plant  for  the  construction  of  which  money  must  be 
provided,  no  matter  from  what  source.  If  the  total  cap- 
ital investment  can  be  reduced  by  $20  000  by  pvuxhasing 
instead  of  manufacturing  power,  it  is  evident  that  the 
percent  earning  capacity  on  the  remaining  capital  invest- 
ment will  be  increased,  and  in  most  cases  the  $20  000 
can  easily,  and  ])erhaps  more  profitably,  be  set  to 
work  in  the  natural  course  of  the  business,  which 
also  means  increased  earnings  and  increased  borrowing 
power. 

Thus  of  a  total  investment  of  say  $100  GOO  we  will 
have  $20  000  that  will  earn  arbitrarily  six  percent,  while 
the  remaining  $80  000  will  earn  say  16  percent,  that  is 
6  percent  interest  and  10  percent  profit,  a  total  of 
$14000  per  annum,  or  at  the  rate  of  14  percent  on  the 
total  capital  invested.  With  the  private  power  plant 
omitted  and  the  capital  investment  reduced  to  $80  GOO, 
the  earnings  will  be  on  the  basis  of  16  percent,  or,  if  the 
$20  GGO  are  invested  in  the  business,  the  earnings  will 
again  be  on  the  basis  of  16  percent,  and  probably  more, 
due  to  the  jiermissible  extension  of  the  business. 

Thus  the  factor  of  [jroht  on  the  power  plant  invest- 
ment must  obviously  be  taken  into  consideration  in  fig- 
uring the  cost  of  manufactured  power,  unless  it  can  be 
shown  without  question  that  it  would  not  afi'ect  the 
business  of  the  industry  or  its  borrowing  power  in  any 
manner,  which  means  that  the  $20  ogg  of  our  example 
would  otherwise  have  to  be  invested  in  some  foreign 
enterprise  at  no  higher  rate  of  interest. 

Space — Little  importance  is  usually  given  to  the 
matter  of  space  or  real  estate  required  for  the  power 
plant  service,  either  as  to  its  location  or  the  transmission 
losses  inherent  to  its  location.  The  omission  of  this 
important  item  is  very  regrettable :  a  floor  rental  is  due 
for  the  area  of  ground  occupied  by  any  power  plant,  no 
matter  what  the  conditions  may  be.  It  is  almost  invari- 
ably felt  in  the  future — unless  the  business  remain  sta- 
tionary— that  plant  extensions  and  developments  are  in 
some  way  affected  and  hampered  by  the  location  of  the 
original  plant,  and  very  often  a  relocation  is  necessarv, 
or  else  a  duplication  of  plants  at  an  increased  cost  of 
production  of  power  and  great  inconvenience. 


Wherever  the  space  is  of  value  for  other  purposes, 
an  allowance  or  pro-rated  value  of  real  estate  occupied 
by  the  power  j)lant  should  be  made  and  added  to  the  cost 
of  manufactured  power.  An  allowance  also  for  such 
contingencies  as  cited  above  should  be  made  where  pos- 
sibilities of  this  nature  can  be  forecasted. 

Working  Capital — In  addition  to  the  capital  invested 
in  the  power  plant  proper,  a  certain  amount  of  capital  is 
necessary  for  its  operation  ;  to  purchase  fuel,  supplies ; 
to  ])ay  the  wages  and  miscellaneous  expenses.  It  is  true 
that  a  number  of  these  expenses  are  obtainable  on  30  or 
HKire  days  credit;  nevertheless,  some  capital  is  required 
to  operate  the  plant,  and  it  must  earn  its  share  of  the 
interest  and  of  the  profits.  An  allowance  for  this  item 
may  properly  be  made  and  charged  to  cost  of  power. 
In  case  of  jnirchased  power,  bills  are  not  rendered  until 
after  the  power  has  been  used,  and  several  days,  and 
sometimes  weeks,  elapse  before  payment  is  made.  This 
feature,  with  the  discount  for  prompt  payment,  adds  to 
the  earning  power  of  the  industrial  plant — a  little  detail 
that  should  nut  be  forgotten. 

PURCII.\SED    POWER 

A  no  less  careful  investigation  should  be  made  of 
the  power  conditions  and  requirements  in  case  of  pur- 
chased power,  in  order  to  determine  its  cost  based  on 
the  rate  schedules  oft'ered.  Practically  all  the  factors 
affecting  the  cost  of  manufactured  power  must  be  con- 
sidered. Some  items  will  become  a  credit  and  some 
others  a  charge.  The  charge  for  purchased  power  as 
scheduled  1)y  the  power  company  is  commonly  based  on 
three  costs : — Production,  fixed  charges  and  service 
charge.  Each  one  of  these  costs  of  furnishing  power  is 
in  turn  aft'ected  by  the  nature  of  the  power  load  curve 
of  the  customer  and  by  the  location  of  its  peak  load  with 
reference  to  the  total  peak  load  at  the  central  plant  and 
its  substations. 

The  production  charge  corresponds  to  the  cost  of 
generation  at  the  power  plant  considered  as  one  unit 
with  its  cost  of  maintenance,  fixed  charges,  depreciation, 
obsolescence  and  line  and  transformation  losses. 

The  fixed  charges  cover  all  pro-rated  investment 
ch.irges,  depreciation  and  obsolescence  on  transmission 
and  distribution  lines,  customer  equipment,  etc.,  which 
the  power  company  must  provide  for  the  customer's  ser- 
vice, from  the  outgoing  terminals  of  the  power  house  to 
the  customer  side  of  the  meter. 

The  service  charge  will  be  the  pro-rata  of  all  ex- 
])enses  incidental  to  the  maintenance  and  operation  of 
the  i:)roperties  cmimerated  under  "fixed  charges,"  plus 
administration  and  overhead  expenses  as  necessary  to 
give  the  customer  service. 

These  charges  are  all  included  in  the  rate  given  by 
the  power  company  and  correspond  to  the  charges 
enumerated  for  the  manufactured  power,  although  in  a 
condensed  form,  giving  the  customers  the  benefit  of  a 
co-operative  service,  both  administrative  and  operative, 
at  a  higher  degree  of  efficiency. 

From  the  power  conqiany  rate  the  cost  of  power  to 
the  customer  nmst  be  figured  with   reference  to  some 
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base  for  comparison  with  the  cost  of  manufactured 
power.  Where  an  isolated  plant  exists,  and  there  are 
good  reasons  for  maintaining  it,  the  cost  of  purchased 
power  should  be  increased  by  the  cost  of  its  main- 
tenance and  depreciation  at  a  somewhat  higher  rate  than 
normal,  justified  because  an  idle  plant  deteriorates  more 
rapidly  due  to  deferred  maintenance,  as  many  repairs 
that  would  have  been  made  had  the  plant  been  operated 
are  either  postponed  or  entirely  forgotten. 

Tf  the  isolated  plant  is  to  be  abandoned  and  dis- 
mantled the  cost  of  removal,  less  salvage,  should  be 
charged  to  the  balance  left  under  depreciation  (that  is, 
to  the  amount  of  the  original  investment  in  the  power 
plant,  less  the  total  depreciation  charges  corresponding 
to  its  past  life),  and  credit  given  to  the  balance  of  unde- 
preciated investment  for  the  value  of  the  floor  space  or 
real  estate  released,  if  such  can  be  used  for  some  other 
purjrose.  The  net  remaining  balance  is  to  be  charged  to 
the  investment  required  to  make  it  possible  to  use  pur- 
chased power,  on  the  basis  of  a  fair  return  of  interest 
and  profit  for  the  capital  tied  U|). 

\\  here  an  isolated  i)owcr  plant  supplies  some  other 
service  not  conveniently  amenable  to  electrification,  such 
as  healing,  the  cost  of  operating  and  maintaining  this 
service  should  be  estimated,  segregating  all  expenses, 
and  the  fixed  charges  should  be  pro-rated  for  that  ser- 
vice. The  depreciation  charges  should  be  based  on  the 
capitrd  investment  represented  by  such  part  of  the  exist- 


ing plant  equijjmcnt  and  building  as  must  be  kept  to 
maintain  this  service.  This  part  of  the  plant  should  then 
be  treated  separately  and  in  like  manner  as  described 
for  the  power  plant,  including  all  items  which  belong 
to  the  service  in  question. 

The  reduced  losses  due  to  a  better  power  distribu- 
tion must  be  taken  into  consideration,  as  well  as  the 
reduced  fire  risks  aflfecting  insurance  rates. 

The  converting  losses,  if  they  are  to  be  borne  by  the 
customer,  must  be  carefully  estimated  with  due  regard 
to  the  load  factor  and  efficiencies,  and  then  added  to  the 
cost  of  ])urchased  power.  Should  an  increase  in  the 
power  plant  capacity  be  coincident  with  the  matter  of 
purchasing  power,  this  question  should  be  studied  very 
carefully  in  estimating  the  cost  of  manufactured  jiower 
under  present  and  future  conditions. 

In  conclusion,  we  wish  to  emphasize  the  fact  that  the 
utmost  care,  exhaustive  investigation  and  complete 
knowledge  of  the  requirements,  conditions  and  features 
of  the  power  situation,  coupled  with  the  consideration  of 
all  the  technical  and  economic  factors,  should  be  used  in 
the  unbiased  elaboration  of  the  figures  as  to  co.sts  both 
of  manufactured  and  purchased  power.  This  work  is  in 
the  province  of  the  specialist,  the  power  engineer,  who 
often  saves  the  power  user  large  sums  of  money  by 
bringing  to  bear  on  the  problem  in  hand  all  of  his  spe- 
cialized knowledge  regarding  the  factors  entering  into 
the  cost  of  power. 


A  Special  Application  of  Overload  Relays 


M.  Cornelius 


OVERLOAD  relays  as  usually  applied  do  not 
discriminate  between  ordinary  overloads  and 
faidts  in  the  apjiaratus  supplying  the  power. 
A  slight  fault  in  a  transformer  bank  might  result  in 
serious  damage  to  a  transformer  before  relays,  set 
for  ordinary  overloads,  would  operate.  Effective  pro- 
tection against  faults  in  apparatus  such  as  power  trans- 
tormers  may  be  had  by  connecting  an  overload  relay 
differentially  to  two  current  transformers  located  on 
opi)osite  sides  of  the  apparatus.  The  current  trans- 
former secondaries  are  connected  in  series  and  the  relay 
coil  is  connected  across  the  two  connecting  leads  as  in 
P'ig.  I.  Under  normal  conditions  the  secondary  cur- 
rents are  practically  balanced  so  that  no  appreciable 
current  flows  through  the  relay.  In  case  of  a  failure 
in  the  transformer  windings  the  balance  no  longer  exists 
and  the  excess  current  flows  through  the  relay.  These 
relays  do  not  displace  the  relays  ordinarily  required 
to  protect  the  circuit  against  overloads,  but  serve 
only  to  protect  the  power  apparatus  against  inter- 
nal failure. 

The  relay  provided  for  this  application  has  a  low 
current  winding  so  as  to  be  operative  on  small  un- 


balances in  the  secondary  currents.  It  should  have 
practically  instantaneous  action  so  as  to  discon- 
rect  completely  the  defective  apparatus  before  any 
serious  damage  can  occur.  With  power  transformers 
operating  in  parallel  the  circuit  breakers  on  both 
sides  should  be  tripped  simultaneously. 

If  relays  are  too  sensitive,  they  may  operate  due 
to  magnetizing  current  when  the  transformers  are 
connected  to  the  power  supply  or  due  to  loads  being 
connected  to  the  circuit.  Rather  than  have  very  low 
current  windings  with  time  limit  attachment  in  the 
relay,  it  is  considered  preferable  to  have  instantane- 
ous relays  with  windings  not  so  sensitive. 

The  principal  consideration  in  fixing  the  mini- 
mum setting  of  the  relays  is  that  of  the  allowance 
to  be  made  for  the  magnetizing  current  of  the  power 
transformers.  This  current  rarely  exceeds  ten  per- 
cent of  normal,  so  that  on  the  basis  of  a  standard 
relay  having  a  five  ampere  winding  the  relay  for 
this  special  application  should  have  a  minimum  set- 
ting of  approximately  0.5  amperes.  This  latter  value 
would  be  the  maximum  probable  unbalanced  current, 
provided  the  current  transformers  on  both  sides  of 
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the  power  transformers  have  theoretically  correct 
ratios  and  have  the  same  ratio  characteristics. 

In  order  to  allow  for  other  considerations  which 
may  cause  greater  unbalanced  currents  it  is  neces- 
sary to  have  a  fairly  broad  range  of  setting  in  order 
that  one  relay  may  cover  all  conditions.  Commercial 
relays  for  this  service  are  being  supplied  with  a  i  to  3 
range  with  current  settings  of  0.5  to  1.5  amperes  or 
of  10  to  30  percent  of  normal  power  transformer 
current. 

Standard  voltage  taps  on  power  transformers  pro- 
vide for  a  maximtim  change  in  ratio  of  approximately 
ten  percent.  The  current  transformer  capacities 
should  preferably  be  in  the  exact  inverse  ratio  to  the 
voltages  at  which  the  power  transformers  are  to  oper- 
ate.    If  the  ratio  is  not  exact,  due  to  allowing  for 
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FIGS.    I,   2.   3,   4  ,\ND   5 — DIAGR.^MS    SHOWING   CONNECTIONS    FOR 
ISOI,.\TING    UEFECTIVE    APP.^RATUS    BY    RELAYS 

operation  on  several  tap  voltages,  or  to  take  advan- 
tage of  commercial  sizes,  care  must  be  taken  that  the 
percentage  of  unbalance  in  secondary  currents  is  not 
too  great.  The  unbalanced  current  through  the  relay 
at  normal  load  may  be  small,  but  as  the  percentage  is 
constant  over  a  wide  range  of  load,  heavy  overloads 
or  short  circuits  may  cause  enough  unbalanced  cur- 
rent to  operate  the  relay.  This  can  be  avoided  by  the 
use  of  an  auto-transformer  with  suitable  taps  to  com- 
pensate for  the  unbalanced  current  due  to  inexact 
ratio  of  current  transformers. 

The  current  transformers  on  opposite  sides  of  the 
power  transformers  should  have  practically  the  same 
ratio  characteristics.  \\'ith  high  ^•oltage  power  trans- 
formers, bushing  tvpe  current  transformers  are  often 


used  on  the  high  tension  side  and  have  been  found  to 
be  generally  satisfactory.  Current  transformers  having 
better  ratio  characteristics  should  be  used  if  relay  oper- 
ation is  desired  on  very  slight  current  unbalances  be- 
tween the  two  sides  of  the  power  transformers. 

In  applying  current  transformers,  it  is  necessary 
that  the  phase  relation  of  the  currents  be  correct  in 
addition  to  their  being  of  approximately  the  same 
value.  So  long  as  the  same  connection  is  used  on 
l)Oth  primary  and  secondary  sides  of  the  main  trans- 
formers no  complications  exist.  With  three-phase 
power  transformer  banks  connected  delta  to  star  it 
is  necessary  either  to  locate  current  transformers  on 
the  delta  side  inside  the  delta,  as  in  Fig.  2,  or  connect 
the  current  transformers  on  the  star  side  in  delta 
as  in  Fig.  3.  With  Scott  connected  transformers  a 
special  arrangement  is  required,  as  in  Fig.  4,  to  have 
the  secondary  currents  on  opposite  sides  in  phase. 
These  figures  also  indicate  the  relative  capacities  of 
the  current  transformers  required. 

It  is  sometimes  desirable  in  large  power  systems 
to  protect  the  system  against  the  failure  of  large 
capacity  generators  by  disconnecting  them  promptly 
in  case  of  trouble  in  their  windings.  Although  re- 
\erse  power  relays  are  usually  employed  for  this 
purpose,  differentially-connected  overload  relays  may 
also  be  used.  Their  operation  is  independent  of  gen- 
erator voltage  or  power-factor.  The  complications 
encountered  in  protecting  power  transformers  are  not 
present,  as  the  current  transformers  on  opposite  sides 
of  the  windings  may  be  of  the  same  type  and  ratio 
and  under  normal  conditions  there  is  theoretically  no 
unbalanced  current.  With  star-wound  generators  it 
is  necessary  to  make  the  neutral  connection  exterior 
to  the  generator  to  permit  the  insertion  of  the  current 
transformers  as  in  Fig.  5.  With  generators  having 
windings  connected  in  delta  all  current  transformers 
must  be  within  the  delta  connections.  These  relays 
are  not  operative  on  overloads,  so  that  the  protection 
afTorded  is  not  at  the  expense  of  continuity  of  serv- 
ice, the  circuit  breaker  opening  only  in  case  of  trouble 
in  the  generator. 

This  application  of  relays  is  also  used  to  a  limited 
extent  for  the  protection  of  transmission  lines.  It 
gives  proper  selective  action  and  clears  the  section 
on  which  trouble  develops  without  interrupting  serv- 
ice on  adjacent  sections.  The  energy  loss,  due  to  the 
long  connecting  wires  where  distances  between  cur- 
rent transformers  are  great,  limits  the  general  use  of 
the  scheme  and  standard  overload  relax's  capable  of 
accurate  wide  range  time  settings  for  proper  selective 
action  are  used  instead. 


Characteristics  of  Alternators  When  Excited 

by  Armature  Currents 


Power  Engineering  Dcpt. 
Westinghouse   Electric  &   Mfg.  Company 


AN  Af/rERNATOR  requires  a  definite  excitation 
imder  each  condition  of  load  and  voltage.  When 
snp])lying  an  inductive  load  the  demagnetizing 
effect  of  the  load  current  in  the  armature,  due  to  its 
phase  dis])lacenicnt,  requires  an  increase  of  field  excita- 
tion to  maintain  the  voltage  at  its  normal  value,  and  con- 
versely, wluii  sup[)lying  a  condensive  load,  the  magnet- 
izing effect  of  the  load  current  requires  a  decrease  of 
field  current  if  the  voltage  is  to  he  kept  down  to  normal. 

This  characteristic  of  alternator  performance  is  met 
and  good  voltage  regulation  obtained  over  any  range 
of  load  by  means  of  automatic  voltage  regulators.  Under 
certain  conditions,  however,  even  a  voltage  regulator  of 
the  type  met  in  ordinary  connnercial  service  may  not 
be  sufficient  to  maintain  constant  potential  over  wide 
ranges  of  load.  Such  a  condition  has  developed  with 
alternators  supjjlying  their  power  directly  to  high-volt- 
age transmission  lines  where  the  full-load  output  is  at 
relatively  high  lagging  power- factor  and  the  line  charg- 
ing current  is  large,  due  to  long  lines  and  high  voltage. 

An  alternator  when  excited  by  leading  current  in  its 
armature  winding  has  voltage  regulating  characteristics 
quite  similar  to  a  direct-current  series  generator.  Not 
only  does  the  leading  armature  current  magnetize  the 
field  structure,  but  this  leading  current,  flowing  through 
the  reactance  of  the  armature  winding  and  step-uj)  trans- 
formers, causes  a  reactive  e.m.f.  which,  being  directly 
in  phase  with  the  line  voltage,  will  add  directly  to  it  and 
produce  a  compounding  eflfect. 

A  series  generator  when  supplying  a  circuit  which 
takes  a  load  current  directly  projjortional  to  its  im- 
pressed voltage  (as  is  the  case  of  the  charging  cm-rent 
of  a  transmission  line)  will  continue  to  build  up  its  volt- 
age, and  supply  more  and  more  current  to  its  load  be- 
cause its  entire  excitation  is  proportional  to  its  armature 
current.  This  increase  in  \c)ltage  and  current  will  con- 
tmue  until  the  increa.se  of  exciting  effort  due  to  a  given 
increase  of  line  current  is  insufficient  to  produce  a  cor- 
responding increase  of  generated  voltage.  For  example, 
in  direct-current  series  generators,  if  an  increase  of  loo 
amperes  line  current  requires  an  increase  in  generated 
voltage  of  lOO  volts,  the  line  resistance  being  one  ohm, 
and  if  such  an  increase  in  line  current  produces  an  in- 
crease in  generator  voltage  of  only  90  volts,  due  perhaps 
to  saturation,  it  is  obvious  that  the  generator  current  and 
voltage  cannot  increase  to  this  extent  and  a  stable  condi- 
tion will  be  reached  at  some  lower  value. 


The  condition  for  stable  generated  voltage  in  either 
the  direct-current  or  alternating-current  generator  is 
equality  between  the  voltage  required  to  circulate  a  given 
current  and  the  voltage  generated  by  that  same  current. 
In  the  armature-excited  alternating-current  generator 
the  generated  voltage  is  pr((])orlional  to  the  product  of 
the  lini'  current  ami  the  numl)er  (jf  armature  conductors 
(i.  e.,  the  exciting  ampere-turns)  ;  and  it  is  also  propor- 
tional to  the  generated  volts  per  unit  e.xciting  ampere- 
lurns  (at  the  i)oint  on  the  saturation  curve  correspond- 
ing to  the  value  of  generated  volts).  The  latter  quan- 
tity is  determined  entirely  by  the  shape  of  the  saturation 
curve  and  is  the  controlling  factor  in  limiting  the  rise 
of  generated  voltage.  This  will  be  appreciated  from 
big.  I,  which  shows  a  typical  saturation  curve.  The 
load  current  for  any  given  voltage  may  be  represented 
by  a  straight  line  B.  The  angle  this  line  makes  with  the 
horizontal  axis  is  proportional  to  the  impedance  of  the 
circuit ;  in  fact,  the  tangent  of  this  angle,  or  volts  divided 
by  the  current,  is  the  impedance.  The  point  of  inter- 
section of  these  two  curves  represents  the  only  stable 
condition  of  operation  for  this  particular  machine  and 
circuit.  If  the  impedance  of  the  circuit  is  changed  so 
that  B'  represents  the  relation  between  voltage  and  cur- 
rent it  is  obvious  that,  there  being  no  point  of  intersec- 
tion, there  can  be  no  point  of  stable  operation  because 
the  conditions  for  self-excitation  are  unfulfilled.  In 
other  words,  the  impedance  is  too  high  for  self-excita- 
tion. 

It  is  quite  possible  for  an  alternator  in  commercial 
service  to  behave  in  an  analagous  manner  under  certain 
conditions.  If  the  no-load  line  charging  current  is  suf- 
ficiently large  so  that  its  magnetizing  strength  witen  flow- 
ing in  the  armature  winding  is  greater  than  that  re- 
quired to  maintain  the  voltage  fulfilling  the  conditions 
of  self-excitation,  it  is  apjjarent  that  the  voltage  will 
continue  to  rise,  and  the  charging  current  will  rise  in 
proportion,  since  it  is  a  function  of  voltage,  until  a  volt- 
age of  stability  is  reached,  determined  by  saturation. 
It  is  to  be  noted  that  this  increase  of  voltage  will  occur 
even  though  the  field  exciting  current  is  reduced  to  zero. 
If  the  field  current  is  not  reduced,  an  even  higher  value 
of  voltage  will  be  reached  before  stability  is  attained. 

The  saturation  curve  of  an  alternator  when  excited 
from  its  armature  current  is  quite  dilTerent  in  shape  from 
the  saturation  ctirve  as  usually  taken.  The  bend  in  the 
ordinary  saturation  ciu'vc  is  due  largely  to  leakage  from 
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pole  to  pole.  In  the  case  under  discussion  as  the  excita- 
tion is  provided  from  the  armature,  and  there  is  no  pole 
leakage,  the  saturation  curve  has  not  nearly  so  much 
bend.  It  is  this  saturation  curve  which  does  not  include 
pole  leakage  that  is  of  importance  in  limiting  the  maxi- 
mum voltage  obtainable.  It  is  quite  possible  for  two 
machines  which  have  quite  similar  saturation  curves  to 
obtain  different  maximum  voltages  under  self-excitation 
conditions  because  the  saturation  in  one  machine  may 
be  located  in  the  pole  pieces  and  in  the  other  may  be  so 
located  as  to  be  present  when  excited  by  its  armature 
current.  The  usual  relation  between  these  two  curves 
for  an  average  machine  is  illustrated  in  Fig.  2.  Again, 
the  usual  saturation  curve  is  plotted  between  volts  and 
field  amperes,  while  the  relation  which  is  of  imi)ortance 
in  this  case  is  the  saturation  curve  plotted  between  volts 
and  armature  amperes.  The  saturation  curve  of  a  ma- 
chine having  very  few  armature  conductors  will  bend 
at  a  much  lower  voltage  for  the  same  armature  current, 
than  that  of  a  machine  having  a  large  number  of  con- 
ductors, because  of  the  smaller  amoimt  of  arm.iture 
ampere-turns  available  for  excitation.  If  the  conduct- 
ance of  the  load 
circuit  is  plotted 
on  the  same  curve 
it  will  be  readily 
seen  that  the  volt- 
age of  stability  is 
reached  at  a  much 
higher  value  than 
w  o  u  1  d  be  ex- 
pected from  an 
inspection  of  the 
usual  saturation 
curve.  An  auto- 
matic voltage  regulator  connected  to  a  machine  under 
these  circumstances  is  not  sufficient  by  itself  to 
maintain  constant  voltage,  because  the  machine  is  self- 
exciting  from  its  armature  currents.  A  voltage  regu- 
lator, by  reducing  the  normal  field  current,  will  pre- 
vent the  voltage  from  rising  as  high  as  it  would  if  the 
field  current  were  left  at  normal  value.  A  type  of  regu- 
lator which  would  maintain  a  constant  voltage  under 
such  conijitions  would  need  to  reduce  the  field  current 
to  zero  and  build  it  up  in  the  other  direction.  This  would 
change  the  voltage  regulation  characteristic  of  the  ma- 
chine from  that  of  a  series  to  that  of  a  compouiKbwnund 
direct-current  generator. 

The  fundamental  condition  depends  upon  the  rela- 
tion between  the  magnetizing  strength  of  the  armature 
winding  when  carrying  the  line  charging  current  and  the 
field  strength  at  no  load.  This  relationship  may  be 
varied  at  the  time  a  machine  is  being  designed  and  if  the 
circuit  constants  to  which  the  machine  is  to  be  con- 
nected are  known,  the  design  may  be  so  arranged  that 
unstable  voltage  conditions  may  Ije  avoided.  This,  how- 
ever, is  not  the  most  desirable  or  most  economical 
method    of    obtaining    inimuiiitv    frf)m    trouble    of    this 
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r.ature.  The  generator  design  might  be  arranged  to 
have  so  few  conductors  that  the  conductance  of  the  line 
If'  whicii  it  is  to  be  connected  would  not  be  low  enough 
t<;  make  it  self-exciting  under  light  load  conditions. 
This,  however,  is  only  a  temporary  expedient  because 
extensions  of  the  line  are  constantly  increasing  the  line 
charging  current  and  no  jiositive  assurance  may  be  had 
that  the  conductance  of  the  load  current  may  not  be 
lowered  enough  to  make  any  machine  self-exciting.  The 
hrst  cost,  size  and  weight  of  such  a  machine  will  Ije 
considerably  greater  than  that  for  a  normal  design  and 
the  operating  characteristics  of  machines  witli  very  few 
armature  conductors  are  not  always  desirable.  This  con- 
dition is  usually  associated  with  a  very  low  inherent  re- 
actance and  an  abnormally  high  instantaneous  short- 
circuit  current,  which  reliability  of  operation  demands 
be  kept  down  to  a  reasonable  value. 

When  the  charging  current  of  a  line  is  sufficiently 
large,  a  very  desirable  alternative  is  to  employ  synchron- 
ous condensers.  The  under-excited  synchronous  con- 
denser not  only  relieves  the  alternator  of  its  light-load 
charging  current,  Imt  al>o  relieves  it  of  the  lagging  com- 
ponents of  its 
full-load  current. 
The  line  operat- 
ing conditions  are 
also  materially 
improved,  liecause 
the  elimination  of 
any  sudden  volt- 
a  g  e  change  i  n- 
creases  the  sta- 
bility of  c  o  n - 
nected  synchron- 
ous machines. 
As  an  example  of  the  foregoing  mav  be  mentioned 
;  n  incident  v^diich  occured  on  the  Pacific  Light  &  Power 
system.  The  transmission  line  which  is  several  hundred 
iiiiles  long,  has  a  normal  operating  voltage  of  150000 
volts,  and  receives  its  energy  from  several  isolated 
:.c  urces.  The  main  generators  0])erate  in  conjunction 
with  synchroiKjus  condensers  which  are  us^^d  entu'ely 
lor  voltage  corrective  purj)oses.  The  temporar\  removal 
of  the  synchronous  condenser  from  the  line  resulted  in 
an  unstable  voltage  condition  at  light  loads,  when  only 
one  generator  was  connected  to  the  line.  The  generator 
\oltage  rose  from  6600  volts  normal  to  8000  volts  at 
l.ght  loads,  even  though  connected  with  voltage  regula- 
tors. The  light  load  reading  on  a  15000  k.v.;i.  genera- 
tor was  21  000  k.v.a.  at  nearly  zero  percent  leading 
])Owcr- factor,  which  is  a  measure  of  the  wattless  mag- 
netizing force  the  generator  had  to  contend  with.  The 
voltage  fluctuations  resulted  in  unstable  operation  of 
other  synchronous  apparatus,  and  the  use  of  synchronous 
condensers  was  a  necessity,  unless  at  least  two  generators 
\v  ere  used  at  light  load,  in  which  case  the  charging  cur- 
rent is  not  sufficient  to  fulfill  the  conditions  for  self- 
excitation. 
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The  Engineering  Evolution  of  Electrical 

Apparatus — XV 

THE    EVOLUTION    OF    THE    SWITCHBOARD— (Cont.) 

B.  P.  RowE 

Switchboard  Engineer 

Wcstinshoiise  Electric  &  Mfg.  Company 


THE  ADVENT  of  the  street  railway  system  cre- 
ated the  necessity  for  circuit  breakers.  Likewise 
the  high-voltage  alternating-current  system  cre- 
ated a  demand  for  devices  which  would  open  a  high- 
tension  circuit  without  injury  to  the  apparatus  or  danger 
to  the  operator.  The  use  of  larger  capacities  in  railway 
generators  made  it  necessary  to  build  heavier  circuit 
breakers  and  replace  the  slender  arcing  pencils,  orig- 
inally about  one-half  inch  in  diameter,  with  heavy  flat 
carbons.  Circuit  breakers  of  this  type  up  to  2400 
ami)ercs   capacity   were   in   regular   service   in    1894   in 


m 


I'lG.    14 — UIKKCT-CUKRKNT  RAILWAY   SWITCHIIDAKU,    l8y6 

Showing  one  of  the  first  railway  switchboards,  with  appa- 
ratus mounted  directly  on  the  panel  without  other  Ijases.  Note 
the  position  of  the  circuit  breakers.  The  panels  were  of  white 
Italian  marble,  with  65  inch  high  upper  sections  and  25  inch 
high  lower  sections.  All  ammeters  except  the  totalizing  meters 
were  of  the  iron  vane  scries  type. 

many  large  plants.  A  competitor  of  this  type  was  the 
magnetic  blow-out  circuit  breaker,  which  had  a  pair  of 
arcing  tips  and  a  blow-out  coil,  located  in  a  chimney  of 
hreproof  material  at  the  top. 

Up  to  this  lime  it  had  been  the  practice  to  mount 
circuit  breakers  in  any  convenient  place  on  the  ]>anels. 
Some  of  the  earliest  railway  switchboards  had  circuit 
breakers  located  at  the  bottom  of  the  panels  near  the 
floor,  which  is  generally  recognized  as  being  very  unde- 
sirable and  often  dangerous  to  operators.  This  anti- 
quated practice  is  still  advocated  by  some  architects  who 
design  switchboards  for  use  in  office  buildings  and  sim- 
ilar places,  probably  because  it  enables  them  to  place 
the  fine  looking  meters  at  the  top  of  the  panels.  The 
use  of  the  magnetic  blow-out  circuit  breakers,  however, 
made  it  essential  that  they  be  located  at  the  top  of  the 


panels  so  that  the  chimney  could  direct  the  arc  upwards. 
This  was  a  step  in  the  right  direction,  and  all  circuit 
breakers  having  provisions  for  breaking  the  arc  above 
the  mechanism  have  been  mounted  at  the  top  of  the 
panels  ever  since,  especially  for  500  volt  service  and 
upward,  or  where  heavy  capacity  circuit  breakers  were 
essential.  All  of  the  circuit  breakers  above  described 
were  for  service  up  to  600  volts  direct-current.  For 
alternating-current  service,  however,  plug  switches 
having  arcing  chambers  in  porcelain  cylinders  began  to 
be  emiiloycd,  the  circuits  being  protected  by   enclosed 


llGi.    15   .\.NLl    10 — DIRECT-CURRENT    SWITCHBOARDS 

J''g-  15  (a  rear  view  of  the  switchboard  shown  in  Fig.  14) 
shows  one  of  the  first  switchboards  on  which  flat  copper  bars 
were  used.  The  apparatus  studs  were  lengthened  to  avoid 
bending  the  strap,  and  all  joints  were  bolted  together  with  iron 
clamp  washers.  A  heavy  tank  lightning  arrester  was  connected 
ir.  the  main  bus-bars ;  this  was  undoubtedly  the  last  switchboard 
which  had  a  lightning  arrester  so  connected, 

I'ig.  16  shows  how  the  connections  were  made  to  the  round 
copper  bus-bars  of  a  light  and  power  switchboard  by  means  of 
4/0  ]j.  &  S.  gage  solid  copper  insulated  wires  bent  and  con- 
nected to  terminals,  being  clamped  into  the  lugs  by  means  of 
set  screws. 

fuses  having  "sneezer  vents."  These  were  made  up  in 
lignum  vitae  with  aluminum  fuses  by  the  W'cstinghouse 
Company  in  1893. 

The  meters  in  use  in  the  early  part  of  the  decade 
from  1 890- 1 900  were  either  magnetic  vane  or  gravity 
type  meters.  In  1894,  polarized  meters  with  D'Arsonval 
movements,  and  shunts  for  the  ammeters,  began  to  be 
[lopular  and  soon  were  used  by  all  companies  for  high 
grade  direct-current  switchboards.  The  alternating- 
current  meters,  however,  were  of  the  older  forms.  About 
1897  the  W'cstinghouse  Company  develojied  a  new  indue- 
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tion-type  watthour  meter  which  was  the  predecessor  of 
the  later  type.  About  1S98  new  designs  of  induction- 
type  wattmeters,  ammeters  and  voltmeters  were  also  de- 
veloped, which  marked  a'riewJera'm'allernating-current 
measuring;  devices. 


there  were  many  developments  in  switching  devices  and 
meters.  In  1890-2  the  alternating-current  system  de- 
manded some  form  of  switching  device  which  would 
safely  interrupt  high-tension  circuits,  and  the  Westing- 
house    Company    developed    the    plunger-type    switch, 


The  newer  types  of  meters  were  designed  to  operate      which  opened  all  the  phases  of  a  circuit  simultaneously 
from  current  and  voltage  transformers,  and  the  substi-      in   separate  arc  chambers  having  sneezer  holes.     The 

held  circuits  were  controlled  by  plug 
.switches.  The  large  switchboard  sup- 
plied by  the  Westinghouse  Compar.y 
for  the  Worlds  Fair  at  Chicago  in 
1893  is  a  typical  example  of  the  best 
alternating-current  switchboard  prac- 
tice then  existing.  The  switches  just 
described,  as  well  as  gravity  am- 
meters and  voltmeters  on  marble 
bases,  together  with  sectional  marble 
panels,  represented  the  latest  devel- 
opments. This  form  of  switchboard 
was  in  use  until  the  two-section 
panel  replaced  it.  The  Westinghouse 
Company  carried  in  stock  the  rectan- 
gular sections  with  apparatus 
mounted  thereon,  and  a  complete 
switchboard  was  made  up  by  assem- 
bling them  together  into  vertical 
panels.  All  bases  were  of  white 
Italian  marble. 

During  this  period  Cjuite  a  number 

of  switchboards  were  made  of  slate 

or  marble  with  a  black  enamel  finish. 

This     material     was     advocated    by 

man\-   because  of   unfortunate  experiences   with   white 

Italian  marble,  which  became  oil   stained  and  yellow. 


FIG.    17  FIG.    18  FIG.    19 

Figs.  17  and  18  show  the  front  and  rear  views  of  an  alternating-current  tablet 
switchboard  used  for  the  control  of  one  alternator  and  its  exciter,  and  one  feeder 
(1895).  The  generator  circuit  is  controlled  by  a  plunger  type  switch,  and  two 
aluminum  fuses  enclosed  in  lignum  vitae  fuse  blocks  with  "sneezer"  vents  protect 
the  feeder.  The  field  circuit  is  connected  through  two  plug  switches.  The  volt- 
meter was  mounted  separately  on  a  bracket. 

Fig.  19  (a  rear  view  of  a  three-phase  panel)  shows  an  expedient  that  was  neces- 
sary when  the  plunger  switches  were  too  small  to  carry  the  current.  A  heavy 
capacity  knife  switch  at  the  top  of  the  board  was  connected  in  parallel  with  tlie 
plunger  switch,  the  two  being  operated  in  such  sequence  that  the  arc  was  broken  by 
the  plunger  switch. 

tution   of   these   meters    for  the   older  types   of   series 
meters  introduced  great  improvements   in   switchboard 


construction,  since  meters  could  then  be  placed  in  any     These  stains  were  hard  to  remove  and  spoiled  the  ap- 
convenient  place  with  perfect  safety,  without  regard  to     pearance  of  the  switchboard.     The  enamel  was  practi- 
the  location  of  the  main  circuit  involved.     It  therefore     cally  the  same  that  is  in  use  today,  being  baked  in  an 
simplified  the  main  connections  and  permitted  of  better     enameling  oven  after  the  panels  were  drilled  and  ready 
and  safer  wiring,  paving  the  way  for  remote  controlled 
switchboard  apparatus,  and  the  isolation  of  all  apparatus 
carrying  dangerous  potentials.     The  increased  possibili- 
ties introduced  by  the  simplification  of  metering  devices 
also  formed  a  great  step  in  advance. 

The  earliest  method  of  getting  two  systems  in  syn- 
chronism was  by  means  of  transformers  and  lamps.  Mr. 
Paul  M.  Lincoln,  when  in  charge  of  the  first  plant  of  the 
Niagara  Falls  Power  Company  about  1901,  invented  the 
alternating-current  synchroscope  which  bears  his  name, 
and  which  was  the  predecessor  of  all  other  types.  The 
synchroscope  soon  replaced  the  lamp  method  in  all  im- 
portant installations,  and  the  introduction  of  methods 
of  synchronizing  by  means  of  such  instruments,  as  well 
as  the  automatic  synchronizer  developed  by  the  West- 
inghouse Company,  marks  another  milepost  in  switch- 
board development. 

From  1895  up  until  1900  there  were  no  material 
changes  in  the  construction  of   switchboard   panels   in 
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I-IGS.    20   AND   21 — FRONT   AND    REAR    VIEWS    OF    LOW    PuTEXTIAL 
ALTERNATING-CURRENT    SWITCHBOARD,    1897 

This  is  a  design  which  was  devised  to  control  low  potential 
generators  and   feeders.     The  knife  switches  in  the  two-phase 
circuits  have  auxiliary  carbon  tips  to  break  the  arc  in  opening. 
1  •  J-  1  ,  ,  ,  The   rear  view   shows   the   heavy  round   Conner   bus-bars   with 

general,  as  iron  frames  and  marble  or  slate  panels  were     porcelain  sleeve  insulators,  together  with  the  i^'sulated  wireTnd 
recognized  as   sufificiently  good   for  all   purposes.      But      'if^^X^'  clampmg  lugs  commonly  used  at  the  time  for  back  con- 


nections. 
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to  assemble.    A  few  switchboards  were  built  by  the  cen-  Soapstone  began  to  be  exploited  about  this  time  for 

tral  station  owners,  using  enameled  brick   for  a  back-  some  pur])oscs  where  fire-proof  material  was  required 

ground,    and    mounting    apparatus    with    marble    bases  with  fair  insulating  (jualities.     It  was  chiefly  used  for 

directly  on  the  brick.     This  practice,  however,  was  not  barriers  .-mcl  bases  for  apparatus.    Some  of  it  had  fairlv 

generally  followed.  high  (|ualities.     On  account  of  its  porous  nature,  and 

There  were  also  some   switchljoards   built   of   pink  because  it  would  not  take  a  high  polish,  it  never  found 

Tennessee  marble  and  blue  \'ermont  marble,  the  latter  ni'u:h  favor  as  a  material  for  switchboard  panels. 


no.    -22 iM.-\GAU.\    I-AI.LS    SWITCHBO.XRD,    1895 

Tlu'  control  gallery  here  shown  was  a  pioneer  in  many  respects  and  many  notahle  features  are  emhodied  in  its  construction 
and  arrangement.  The  fire-proof  bus-bar  and  switching  compartment  is  located  just  beneath  the  operating  gallery,  and  serves  to 
isolate  and  safeguard  the  live  parts.  The  control  stands  in  the  gallery  contain  levers  for  operating  the  air  valves  of  the  pneu- 
matically-operated switching  devices  in  the  structure  below,  and  each  control  stand  is  located  in  front  of  its  instrument  stand. 
The  "safety  first"  idea  is  well  exemplified  here  in  the  way  that  the  operators,  as  well  as  unauthorized  persons,  are  kept  away 
from  danger.     Tlie  principle  of  allowing  the  operator  a  full  view  of  the  plant  is  also  carried  out. 

being  preferable  on  account  of  being  strong  and  holding  One    of    the    first    iincumatically-operated    switch- 

its  edges  and  corners  better.  All  panels  were  beveled  in  boards  was  constructed  about  iS(j4  for  use  with  the  first 
order  to  insure  against  chip])ed  corners.  Gradually  the  .\iagara  Falls  5000  horse-power,  2200  volt  generators, 
pleasing  appearance  of  blue  Vermont  marble  caused  the  The  switches  were  operated  by  compressed  air  cylinders, 
balance  to  swing  in  its  favor  until  after  189S  it  became     controlled  from  iron  control  stands.    These  stands,  with 

the  instruments,  were  located  above  the  bus-bar  and 
switch  compartments,  and  the  plant  was  a  pioneer  in  the 
field  of  remote  control  switchboards,  as  well  as  one  of 
the  first  to  be  operated  by  compressed  air. 


the  exception   rather  than  thi-  rule  to  order  the  while 
marble,  which  has  never  regained  its  pnpularit\-. 


in..    Jj        .WAl..\KA     l.M.l.h    lU   .-.    I!.\R    .V.NU    SWITCIII.NO 
COMP.ARTMENT,    1 895 

This  compartment,  and  the  idea  involved,  is  undoubtedly 
the  earliest  of  the  American  developments  in  the  direction  of 
enclosing  live  parts  and  switching  devices  in  fireproof  compart- 
ments. The  heavy  2200  volt  round  copper  bus-bars  are  sup- 
ported near  the  ceiling,  and  the  pneumatically  operated  air- 
break  switches  are  located  below.  On  one  wall  are  seen  the 
meter  transformers  and  high-tension  transformer  fuse  blocks. 
-\n  aisle  is  left  for  convenience  in  inspecting  or  repairing. 


no.  24 — PNEUM.\TIC.\I.1.V-0PEK.\TKI)  .MR   ItRK.VK   SWITCH,    1895 

.■\  detail  view  of  the  pneumatically-operated  air  break  switch 
shown  in  Fig.  23.  The  switch  breaks  were  provided  with  re- 
sistance shunts,  which  greatly  reduced  the  current  before  the 
final  break.  This  is  probably  one  of  the  first  examples  of 
remote  control  apparatus  which  later  had  such  influence  on 
the  design  of  switching  equipments.  The  necessity  for  pro- 
viding a  suitable  place  for  this  apparatus  was  one  of  the 
reasons  for  building  the  fire-proof  compartment  shown  in 
Kig.  23. 
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About  1897  the  generating  capacity  required  by 
street  railway  systems  became  so  great  that  the  existing 
circuit  breakers  were  inadequate  for  the  service.  It 
began  to  be  recognized  that  the  energy  that  could  be 
developed  at  a  short-circuit  must  be  given  more  con- 
sideration, since  both  magnetic  blow-out  types  and 
carbon  pencil  types  of  circuit-breakers  were  repeatedly 
blown  1(1  ])ieces.     The  Westinghouse  Company  at  that 


FIG.   25 — DIRECT-CURRENT   SWITCHBOARD   FOR  60O  VOLT  R.^MLWAY 
SERVICE,  1897-I9OI 

Showing  the  three  section  panels  which  were  designed  to 
permit  of  easily  substituting  circuit  breakers  in  case  it  became 
desirable.  The  sections  beginning  at  the  top  are  20,  45  and  25 
inches  high,  respectively.  These  dimensions  have  been  retained 
as  standard  ever  since.  This  view  shows  also  the  brush  t>'pe 
carbon  circuit  breaker,  which  on  account  of  breaking  the  arc 
on  the  carbon  tips  was  mounted  at  the  top  of  the  panel. 
This  change  in  switchboard  construction  has  been  permanent 
ever  since  for  railway  switchboards  and  others  for  similar 
service. 

time  supplied  an  electro-pneumatic  three-wire  railway 
switchboard  to  the  Pittsburgh  Railways  Company,  as 
well  as  a  hand-operated  panel  switchboard  for  the 
United  Railways  Company  of  Allegheny,  in  each  of 
which  a  new  form  of  carbon  break  circuit  breaker  was 
put  into  commercial  service.  These  were  the  so-called 
"brush  type,"  located  at  the  top  of  the  panels,  with  the 
arc  breaking  tips  above.  This  circuit  breaker  was  later 
tried  out  on  the  Chicago  Street  Railway  system  with 
great  success,  and  eventually  superseded  all  the  other 
forms  for  heavy  service,  the  general  design  being  re- 
tained by  nearly  all  companies  at  the  present  day. 

The  difficulties  w^ith  water  in  the  cylinders  and 
piping  of  the  pneumatic  system,  due  to  condensation 
from  the  moist  air  from  the  Allegheny  River,  together 
with  difficulty  in  the  distribution  system,  led  the  Pitts- 
burgh Railways  Company  to  change  the  penumatic  sys- 
tem to  a  standard  two-wire,  hand-operated  switchboard. 
This  equipment,  however,  was  one  of  the  earliest  direct- 
current  remote  control  switchboards,  with  switching  de- 


\ices  and  bus-bars  enclosed  in  fire-j)roof  comjiartments. 

During  this  period  the  Westinghouse  Company  in- 
troduced a  marked  improvement  in  rheostats  for  hea\'y 
capacity  by  using  cast  grids  of  resistance  metal,  mounted 
in  iron  frames.  These  replaced  the  old  German  silver 
wire  rheostats  and  have  since  been  used  for  all  heavy 
capacity  resistors.  For  remote  control  installations  face 
plates  were  later  mounted  on  the  frames,  and  driven  by 
motors  or  step  by  step  mechanisms  operated  from  sole- 
noids.   These  constructions  still  prevail. 

The  demand  for  alternating-current  circuit  breaking 
devices  for  voltages  up  to  and  including  30000  volts 
was  met  by  the  Westinghouse  Company  in  1898  by  the 
design  of  what  was  termed  the  "stick  type"  and  "fused 
type"  circuit  breakers.  The  "stick  type"  was  essentially 
a  carbon  break  device  in  which  the  movable  element 
carried  a  carbon  top,  and  the  contact  device  was  in  the 
form  of  a  stick  of  hard  wood,  long  enough  to  swing 
through  sufficient  arc  to  rupture  the  circuit  between  the 
carbon  tips.  The  fused  type  was  very  similar  in  action 
except  that  the  contacts  were  joined  by  a  fuse  instead 
of  being  held  by  a  latch,  the  blowing  of  the  fuse  causing 
the  wooden  arm  to  describe  a  wide  arc  and  rupture  the 
circuit. 

The  development  of  circuit  breaking  devices  of  this 
class,  which  obviously  could  not  be  mounted  on  a  marble 
panel,  marked  a  change  in  the  general  type  of  switch- 
board for  certain  classes  of  service,  to  what  is  termed 
more  broadly  a  switching  equipment.  In  Europe  the 
term  "switchgear"  is  used  to  describe  this  equipment. 
Such  an  equipment  is  generally  located  in  the  most  con- 
venient place  in  the  station  to  suit  the  scheme  of  design 
and  operation  rather  than  on  a  panel  switchboard', 
making  it  possible  to  better  provide  for  the  various  con- 
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VK.     26 — DIRECT-CURRENT     ELECTROLYTIC     TYPE     SWITCHB0.\RD     FOR 
•  FOUR  270   KW   GENERATORS,    iSq? 

Showing  one  of  the  first  heavy  capacity  low-voltage  switch- 
1  cards  for  the  control  of  generators  which  supplied  current  for 
copper  refining.  As  it  was  essential  that  any  generator  be  pro- 
vided to  connect  to  either  of  four  tanks,  heavy  multipoint 
switches  were  necessary,  and  they  were  provided  in  the  shape 
of  large  threaded  studs  and  copper  links  as  shown.  The  main 
generator  switches  operated  by  means  of  screw  actions  having 
hand  wheels  to  turn  the  screws.  Double  dial  rheostats  were 
used  to  provide  close  adjustment  of  voltage.  All  meters  were 
polarized  and  had  D' Arson val  movement. 
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ductors  and  accessories.  Some  of  the  apparatus  must 
necessarily  be  mounted  on  panels,  and  this  generally 
includes  the  measuring  instruments. 

At  the  close  of  the  decade  from  1890- 1900  the  high- 
est railway  voltage  was  about  1000  volts,  obtained  by 
operating  750  volt  generators  in  series  with  boosters. 
The  highest  alternating  voltage  in  use  was  30  000  volts. 

One  of  the  pioneers  in  the  way  of  a  high-tension 


switcliing  equipment  came  under  the  writer's  notice  at 
the  Butte  sub-station  of  the  old  Madison  River  Power 
C<Miipany.  The  transmission  line  to  this  sub-station  was 
carried  on  a  heavy  wooden  pole  line,  with  wires  on  nine- 
foot  centers,  as  it  was  the  intention  ultimately  to  employ 
80000  volts,  and  the  switch  was  installed  at  the  end  of 
this  line  for  the  same  service.  The  whole  system  was 
designed  by  Messrs.  P.  N.  and  L.  L.  Nunn,  of  Telluride 
fame,  who  operated  lines  in  Colorado,  Utah 
and  Montana.  The  main  switch  was  made  u]) 
of  three  upright  frames,  of  ap[jroximately  six 
by  si.x  inch  timber,  supported  on  posts,  the 
frames  being  about  nine  feet  apart,  the  whole 
carrying  a  huge  three-pole  wooden  sliding 
rack.  The  movable  contacts  on  the  rack  were 
made  to  open  or  close  the  circuit  when  the 
rack  was  moved  by  means  of  a  crank  and 
ropes.  Each  circuit,  in  addition,  had  a  fuse 
about  ten  feet  long  of  small  capacity  fuse 
wire  enclosed  in  a  rubber  tube,  which  served 
to  connect  the  movable  contacts  of  the  rack 


FIGS.  27  AND  28 — FRONT  AND  REAR  VIEWS   OF   SWITCHBOARD   FOR  660O  VOI.T 
ALTERNATING-CURRENT  SERVICE,  IQOO 

Showing  one  of  the  last  attempts  to  place  live  high  tension  switching 
devices  on  the  front  of  the  panels.  The  switches  were  dead  when  the 
circuit  breakers  were  open,  and  had  hard  rulilicr  guards  and  insulated 
coverings  to  protect  all  live  parts  when  the  switcli  was  closed.  This  is  one 
of  the  earliest  types  employing  air-break  6600  volt  carbon  circuit  breakers. 
Early  types  of  watthour  meters  and  horizontal  edgewise  indicating  meters 
are  shown.  The  rear  view  shows  the  early  use  of  current  and  voltage 
transformers  to  operate  meters.  All  wiring  was  done  with  solid  insulated 
copper  wires. 


FIG.   30 — REAR   VIEW    OF   BOARD    SHOW.X    IN    FIG.    2g 

Showing  how  the  connections  were  made  to  the  bus-bars. 


sulated  wire  supported  on  porcela^fci 
lators.     The   condensers    for   operating   the    static   ground    de 


which  were  of  soli 
lators.  The  comb 
teetnrs  are  located  aliovc  the  bus-bars  at  the  left 
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FIG.   29 — 6600  VOLT  ALTERNATING-CURRENT    SWITCHBOARD,    igOO 

This  switchboard  was  one  of  the  first  to  utilize  blue  Ver- 
mont marble.  Air-break  carbon  circuit  breakers  were  used,  and 
the  non-automatic  circuit  Ijreakers  on  the  generator  panels,  as 
well  as  the  automatic  circuit  breakers  on  the  feeder  panels,  were 
used  without  any  switches  in  series,  the  circuits  being  closed  by 
closing  the  circuit  breakers.  This  was  a  radical  departure  from 
regular  practice  at  the  time.  The  earliest  use  of  static  ground 
detectors  is  also  exemplified. 


to  the  incoming  line  at  the  point  where  the  lightning 
arresters  were  connected.  It  was  actually  operated  for 
a  long  time  at  40  000  volts,  being  put  in  operation  about 
1901.    The  installation  had  no  panel  switchboard. 

In  1894  Mr.  H.  P.  Davis,  of  the  Westinghouse  Com- 
pany, was  endeavoring  to  solve  some  difficulties  in 
breaking  arcs  in  control  apparatus.  The  writer  recol- 
lects that  a  long  series  of  experiments  was  carried  on 
with  contacts  which  opened  the  circuit  while  immersed 
in  oil.  The  most  vicious  arcs  obtained  at  that  time  were 
from  600  volt  direct-current  apparatus,  and  the  oil 
break  devices  did  not  ofl'er  a  solution.  This  line  of 
development  was  later  taken  up  for  alternating-current 
service,  and  the  results  demonstrated  that  this  was  by 
far  the  best  method  yet  devised  for  opening  vicious 
alternating-current  arcs,  since  the  oil  would  interpose  to 
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interrupt  the  circuit  at  the  instant  at  which  the  voltage 
was  passing  through  the  zero  vahie  in  each  c^xle.  The 
result  was  the  development  of  the  alternating-cin-rent 
oil  switching  devices,  which  mark  a  very  important  step 
in  advance  in  switchboard  development.  These  devices 
also  introduced  a  marked  change  in 
switchlioard  design,  since  the  entire 
e<|uipment  had  to  be  made  to  con- 
form to  the  character  and  require- 
ments of  the  new  switching  devices. 
By  their  use  more  compactness  in 
switchgear  equipment  became  pos- 
sible since  the  arcs  were  confined  in 
the  oil  tanks,  and  great  economies 
could  be  introduced,  since  such  de- 
vices could  be  located  in  any  con- 
venient place. 

The  first  oil  circuit  breakers  to 
be  i)ut  on  the  market  by  the  West- 
inghouse  Company  were  of  the  old 
"C"  type.  These  had  conical  con- 
tacts and  separate  oil  tanks  for  each 
]iolc,  Ijcing  tripped  and  closed  by 
solenoids.  They  were  designed  so 
that  gravity  would  open  the  con- 
tacts. The  principles  involved  in 
their  design  have  been  retained  in 
nearly  all  other  oil  breakers  of  later 
manufacture,  both  large  and  small. 
These  circuit  breakers  were  used 
on  heavy  capacity  systems  in  the 
East  with  great  success,  and  for  a  long  time  their  break- 
ing capacity  was  evidently  higher  than  that  of  any  power 
circuit  to  which  they  were  connected.  These  were  fol- 
lowed by  smaller  types,  such  as  the  type  "B"  and  type 
"D,"  with  later  types  and  modifications.  The  highest 
voltage  for  which  the  early  designs  were  built  was  about 


FIG.  31— 

.\LTERN.^TING- 

CURRENT 

SWITCHBOARD,  1899 

Showing  a  panel 
equipped  with  a 
high-  potential, 
air  -  break  circuit 
breaker,  one  of 
the  last  of  its 
kind. 


no.   32— FUSE-TYPK    CIRCUIT   BREAKERS 

The  one  at  the  left  was  for  6000  to   15000  volts;  that  at  the 
right  for  20  000  to  40  000  volts. 

22  000  volts.  Later,  oil  circuit  breakers  were  required 
for  transmission  circuits  of  45  000  and  65  ooo  volts.  The 
first  circuit  breaker  for  this  service  made  by  the  West- 
inghouse  Company  (type  "L")  had  for  each  pole  a 
separate  element  consisting  of  a  wooden  tank  with  a 


soapstone  toj)  to  support  the  mechanism,  the  elements 
being  connected  to  operate  together  for  two-phase  or 
three-phase  service,  one  pole  for  each  phase.  The  type 
"L"  was  limited,  as  to  breaking  capacity,  to  systems 
having  not  more  than  20000  k.v.a.  capacity  at  70000 


I'lG.  3i — II  000  VOLT  ALTERNATING-CURRENT  FEEDER  PANEL,   1899 

These  panels  are  an  early  design  to  provide  means  for 
switching  some  iiooo  volt  feeder  circuits,  but  the  bayonet  type 
plug  switches  shown  were  not  intended  to  open  heavy  currents. 
The  treated  wood  handles  had  arc  shields  and  each  was 
grounded  by  means  of  a  chain  as  a  safety  precaution.  The 
handles  were  removable. 

volts.    This  was  the  predecessor  of  all  later  high-tension 
designs. 

The  enormous  power  developments  about  Niagara 
Falls  created  a  demand  for  a  high-tension  oil  circuit 
breaker  with  a  greater  rupturing  capacity  than  had  ever 
been  designed,  and  the  type  "G"  oil  circuit  breaker  was 
built  for  this  service.     This  three-phase  circuit  breaker 


no.    34 — INSTALLATION    OP    FUSED-TVPE    AIR    BREAK 
CIRCUIT    BREAKERS 

The  higli-tension  circuits  are  carried  on  petticoat  insula- 
ti)rs  to  the  f used-type  circuit  breakers,  which  are  supported 
on  a  framework,  and  have  large  marble  barriers  lietween 
adjacent  poles.  The  operator  is  not  in  danger  from  tlie  arc. 
which  is  high  overhead.  Meters  are  shown  on  separate  slabs  of 
marble  below  the  circuit  breakers.  This  is  a  good  example  of  a 
switchboard  equipment  as  distinguished  from  a  panel  switch- 
lioard. 
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was  made  up  of  three  units,  for  60  000  volt  service,  each 
in  a  steel  tank.  The  leads  were  of  impregnated  wrap- 
pings of  treated  cloth,  passing  through  porcelain  bush- 
ings.    Modifications  of  this  type  of  lead  were  made  liy 


very  heavy  sustained  short-circuit  current.  The  blow- 
ing up  of  circuit  breakers,  and  many  records  made  by 
the  oscillograph  showing  the  conditions  of  voltage  and 
current    existing   at   the   time    the   oil    circuit   breakers 


FTGS.   35    AND   36 — ALTERNATING-CURRENT    SWITCHBOARD,    I902-I9IO 

Showing  the  chaiige  in  construction  introduced  by  the  adoption  of  direct  mounted  oil  circuit  breakers,  the  absence  of  live  parts 
on  the  front  of  the  panels  and  the  heavy  iron  tanks  of  oil  in  which  the  arcs  are  broken. 

the  use  of  composition  bushings  made  up  of  impreg-     opened,  provided  data  which  was  of  vast  importance  in 
nated  cement  compounds.  solving  the  problem  then  presented,  and  as  a  basis  on 

Up  to  the  time  that  the  type  "G"  oil  circuit  breaker  ^^hich  oil  circuit  breakers  could  properly  be  rated, 
was  installed  it  had  not  been  found  dif^cult  to  interrupt  'J'h^se  tests,  together  with  later  tests  at  other  places, 
any  overload  or  short-circuit  which  had  been  encoun-  marked  a  new  era  in  the  development  of  oil  switching 
tered  in  practice.  Circuit-breaker  ratings  had  been  'levices  and  methods  of  rating  them.  One  of  the  results 
based  on  what  practical  experience  and  factory  tests  had 
indicated  as  the  safe  ultimate  breaking  capacity  with  the 
prime  movers  then  in  use,  most  of  them  operating  at 
moderate  speeds.  But  with  the  advent  of  the  steam 
turbine  new  conditions  arose  which  demonstrated  con- 
clusively that  all  ])revious  practice  in  circuit  breaker 
ratings  and  design  was  not  applicable  when  high-speed 
turbo-generators  supplied  the  energy ;  and  that  the  ulti- 
mate breaking  capacity  of  nearly  all  oil  circuit  breakers 
was  entirely  too  low  to  provide  against  overloads  and 
.short-circuits  on  large  systems  supplied  with  power 
from  such  units.  The  necessity  for  fire-proof  enclosures 
for  apparatus  liable  to  cause  <langcrous  arcs  was  also 
demonstrated. 

An  early  ])ractical  demonstration  of  the  inadequacy 
of  previous  practice  in  this  connection  was  with  the 
heavy  switch  gear  installed  on  the  system  of  the  New 
York,  New  Haven  &  Hartford  Railroad.  The  oil  cir- 
cuit breakers  carried  current  at  1 1  OCX)  volts  for  the 
single-phase  system,  and  the  necessity  for  maintaining 
voltage  on  the  system  at  all  times,  even  when  burning  ofi' 
temporary  grounds  and  short-circuits,  resulted  in  the 
supplying  of  generators  which  would  give  for  an  instant 
15  to  20  times  normal  current  on  short-circuit,  besides  a 


I  IC.  37 — 2300  VOI.T  TIIREE-PHASi:,   IIA.VD-OPERATEU,  REMOTE-CONTROL 
SWITCHBOARD  EQUIPMENT 

Giving  a  good  idea  of  the  complicated  connections  which 
arc  removed  from  the  rear  of  the  panels  by  means  of  the 
remote  control  construction.  The  heavy  pipe  structure  is 
located  sufficiently  distant  from  the  panels  to  allow  access  to 
the  small  wiring,  and  contains  tlie  oil  circuit  breakers,  discon- 
necting switches,  current  transformers  and  similar  accessories. 
-\11  the  wire  in  this  installation  is  insulated.  Tlie  bus-bars  are 
seen  high  above  the  disconnecting  switches.  Such  an  installa- 
tion is  suitable  where  no  large  amount  of  energy  is  controlled. 


THE     ELECTRIC    JOURNAL 


yji 


was  the  invention  of  resistance  and  reactance  type  cir- 
cuit breakers,  in  which  the  flow  of  current  at  the  instant 
of  short-circuit  was  impeded  by  cutting  either  a  resist- 
ance or  a  reactance  in  circuit  for  an  instant,  to  Hmit  the 
flow  of  energy  to  such  a  vakie  that  it  could  easily  be 


FIG.    38 — TYPICAL   OPEN    SHELF   BUS-BAR   CONSTRL'CTIOX 

Enclosing  bare  13000  volt  bars  supported  on  porcelain  pillars 

broken  by  the  contacts  opening  immediately  afterward. 
Circuit  breakers  of  this  type  were  installed  on  the  sys- 
tem of  the  New  York,  New  Haven  &  Hartford  Railroad 
with  great  success,  and  were  afterwards  used  for  heavy 
service  at  other  points.  Boiler  iron  cases  gradually 
replaced  masonry  cells  with  some  of  these  types. 

From  the  time  of  the  introduction  of  the  oil  circuit 
breaker  alternating-current  switchboard  designs 
have  been  largely  dominated  by  the  circuit 
breaker  installation,  and  every  plant  in  which 
the  types  "C,"  "L,"  "E"  and  "G"  circuit 
breakers  were  installed  involved  two  elements 
in  the  switchboard  installation,  viz.,  a  panel 
switchboard  or  control  element,  and  a  sep- 
arate switching  equipment.  The  methods  of 
control  involved  have  been  three,  viz.,  direct 
hand  operation,  remote  hand  operation  and 
remote  power  operation.  The  most  simple — 
the  direct  manually  operated — involves  com- 
paratively small  circuit  breakers  of  moder- 
ate voltage,  which  can  be  mounted  directly  in 
the  rear  of  the  panel,  with  handles  projecting  to 
the  front  for  operation.  A  variation  of  this  con- 
trol is  the  remote  hand-operated  system,  in 
which  the  hand  lever  just  mentioned  is  con- 
nected by  bell  cranks,  rods  or  shafting  to  a  cir- 
cuit breaker  located  at  a  distance  from  the  panel. 
The  third  control  system  involves  small  sw-itch- 
ing  devices  concentrated  at  a  central  control  point,  by 
means  of  which  the  switching  devices  located  at  a  dis- 
tance may  be  put  into  operation,  either  by  means  of 
compressed  air,  solenoids,  or  small  motors  attached  to 
the  mechanism.     For  remote  power-control  systems  the 


Westinghouse  Company  inaugurated  the  use  of  sole- 
noid-operated oil  circuit  breakers,  which  have  been 
advocated  by  them  for  such  service  ever  since. 

As  stated  previously,  the  first  installation  in  which 
a  separate  switching  equipment  and  bus-bars  were  in- 
stalled in  fire-proof  compartments  in  this  coun- 
try was  in  the  plant  of  the  Cataract  Power  and 
Conduit     Company    at     Niagara     Falls    about 
1803-4.    The  type  "C"  oil  circuit  breakers  added 
another  refinement,  which  was  the  enclosure  of 
the  oil  switching  devices  in  separate  individual 
h re-proof  cells.    Bus-bars  had  already  been  cov- 
ered  with   flame-proof   insulating  coverings   or 
placed    in    fire-proof    cells.      The    use    of    cell 
mounted  oil  circuit  lireakers,  however,  was  the 
signal  for  locating  all  conductors  and  switching 
devices  in  fire-proof  com]iartments  in  order  to 
l)e  safe  and  consistent,  and  in  large  stations  such 
construction  became  popular,  especially  for  volt- 
ages up  to  and  including  33  000  volts.    This  was 
largely    advocated    where    the    conductors    and 
switching  devices  were  of  such  a  capacity  that 
quantities  of   metal   woulil   be  available   at  the 
time  of  a  ground  or  short  circuit  to  volitalize  and  main- 
tain an  arc.    As  such  conditions  are  not  likely  to  exist  at 
higher  voltages,  since  the  currents  are  necessarily  small 
and  the  short  circuits  would  soon  burn  them  apart,  the 
Westinghouse  Company  has  always  advocated  the  use  of 
open  wiring,  with  ample  insulation  distances   for  such 


constructions,  rather  than  the  insertion  of  flame-proof 


FIG.    39 — CELLS    FOR    POTENTIAL   TR/\NSFORMERS    AND    FUSES 

Figs.  38  and  39  are  typical  of  the  semi-enclosed  construction.  This 
is  directly  beneath  the  circuit  breaker  structure.  The  high-tension 
leads  are  carried  through  holes  in  the  floor  above  and  porcelain  insu- 
lating bushings  are  used  in  the  walls  of  the  structure.  The  secondary 
leads  of  the  transformers  are  carried  to  the  meters  in  the  switchboard 
structure  through  conduits. 

barriers,  which  cut  down  the  insulation   distances  be- 
tween conductors  and  to  ground,  since  such  barriers  are 
rarely,  if  ever,  of  sufficiently  good  insulating  material  to 
be  depended  on  to  any  extent  at  high  voltages. 
(To   he   continued) 


Heating  and  Ventilating  Large  Factories 

O.  H.  Bathgate 

Works  Steam  Engineer 

Wcstinghouse   Electric  &  Mfg.  Company 

THE  ECONOMICAL  generation  and  application  of  steam  for  lieating  buildings  has  been  the 
problem  confronting  the  practical  engineer  since  central  heating  plants  were  first  put  in  service.  From 
the  old  types  of  wood,  coal,  coke  and  gas  heaters  the  processes  of  heating  have  developed  to  modern 
methods  of  combining  the  heat  generating  equipment  in  a  centrally  located  plant  and  distributing  the 
heat  units  through  the  medium  of  water,  steam  or  air.  It  is  the  purpose,  in  this  article,  to  present  facts 
entering  into  the  operation  of  the  heating  and  ventilating  of  a  large  industrial  plant  that  covers  sixty- 
two  acres  of  floor  area,  and  also  to  show,  step  by  step,  how  the  greatest  number  of  heat  units  derived 
from  a  pound  of  fuel  are  carried  to  the  space  to  be  heated  in  order  to  produce  the  most  efficient  results. 


A 


ill  the  heating  and  ventilating  of  modern  indus- 
trial establishments,  a  large  manufacturing 
works  has  been  taken  as  a  typical  example.  The  steam 
for  this  works  is  generated  by  thirty-six  water  tubular 
boilers,  having  an  aggregate  normal  rating  capacity  of 


.S  A  MIvANS  of  indicating  present-day  practice     percent  of  all  the  steam  generated  is  consumed  by  air 

compressors,  vacuum  pumps,  refrigerating  machines 
and  power  plant  auxiliary  equipment.  The  remainder 
of  the  steain  is  conducted  through  large  steam  mains  to 
turbines  driving  generators,  where  it  furnishes  power 
for  generating  all  the  forms  of  electric  energy  used  in 
the  works. 

One  of  a  battery  of  four  600  horse-power  boilers 
equipped  with  Roney  stokers  and  Babcock  &  Wilcox 
superheaters  is  shown  in  Fig.  i.  It  is  upon  this,  as  well 
as  upon  the  other  boiler  equipment,  that  principles  of 
scientific  management  have  been  worked  out  to  no  un- 
certain degree.  Each  boiler  in  service  is  equipped  with 
an  indicating  Ellison  draft  gage  and  a  pair  of  sampling 
gas  bottles,  which  may  be  seen  in  Fig.  i  near  the  back 
of  the  boiler.  This  equipment  has  been  found  to  be 
indispensable  as  a  guide  for  the  firemen  and  0])erating 
engineers  to  olitain  the  highest  operating  eftlciency  pos- 


FIG.    1     -u.\i.   111     .1    i;aii1,1<Y    OF   fOUK    l.nii    1 1 1  ll:^  l.-l'i)\\  1,1;    l;<i|l.r.l<S 

At  the  left  are  shown  the  bottles  for  continuous  gas  sampling, 

and  at  the  right  the  small  steam  engine  operating 

the  automatic  stokers. 

loooo  boiler  horse-power.  These  boilers  furnish  steam 
tor  supplying  all  the  electric,  hydraulic,  vacuum,  com- 
pressed air,  refrigeration  and  other  steam-consuming 
equipment  located  within  the  works.  The  aiuount  of 
steam  used  in  operating  ovens,  tanks,  presses  and  other 
high  pressure  steaiu-heated  apparatus  is  approximately 
twenty-five  percent  of  the  total  amount  generated.  Five 
percent  of  the  total  amount  is  reduced  at  a  point  near 
the  boilers  from  a  pressure  of  i6o  pounds  to  40  pounds. 
At  this  pressure  it  is  carried  through  asbestos  insulated 
mains  to  office  buildings  and  other  isolated  departiuents 
where  heating  is  accomplished  through  direct  radiation. 
Near  the  point  of  radiation  it  is  then  further  reduced  to 
a  pressure  of  one  jwuiid  or  less,  and  thus  enters  the 
usual  form  of  cast  iron  or  pressed  steel  radiator,  usually 
located  along  the  outside  walls  of  rooms  on  floors 
having  coin])aratively  small  areas.     From  eight  to  ten 
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no.    2 — TWO    250    HORSlC-I'UWKR    UOII.KRS    1-URNISHIXG    STKAM     FOR 
HEATING  AN   ISOLATED  BUILDING 

sible.  The  bottles  arc  operated  in  series,  procuring  at 
a  uniform  rate  a  continuous  sample  of  the  products  of 
comliiistion,  covering  a  period  of  from  eight  to  ten 
hours.  This  gas  is  then  analyzed  by  a  special  attendant 
with  an  Orsat  apparatus   for  carbon   dioxide  and  the 
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other  constituents  usually  present.  This  step  in  regu- 
lating the  combustion  of  fuel  for  highest  economies  can- 
not receive  too  much  attention  if  it  be  considered  from 
both  the  technical  and  practical  standpoints.  It  com- 
prises a  series  of  more  or  less  complicated  chemical 
reactions  which  are  not  even  yet  completely  understood 
by  scientists  who  have  made  it  their  particular  study, 


FIG.  3 — MOTOk-LlRIVEN   CENTRU-UGAI.  BOILER  EEEU  PUMP  AND  STEAM- 
DRIVE.M   RECIPROCATING  VACUUM    PUMPS 

although  the  knowledge  of  the  subject  which  is  now 
available  and  in  practice  in  this  plant  is  capable  of  pro- 
ducing, and  does  produce,  efificiencies  obtainable  in  no 
other  way.  In  spite  of  the  possibilities,  most  factory 
power  plants  needlessly  waste  a  large  part  of  the  expen- 
sive coal  purchased  for  their  consumption.  This  is 
brought  about  by  the  complexity  of  the  science  of  com- 
bustion, the  lack  of  intelligent  instruction  of  the  firemen, 
their  lack  of  encouragement  from  their  superiors  and 
the  lack  of  thought  of  the  manager  who  records  the  ex- 
pense but  disregards  the  product  of  his  boiler  plant. 

The  man  directing  the  operations  of  a  steam  gener- 
ating plant  has  entrusted  to  him,  not  only  the  expendi- 
ture of  many  thousands  of  dollars  per  year,  but  the 
prolilem  of  keeping  the  equipment  in  first-class  condi- 
tion and  operating  against  the  hazard  of  expensive  acci- 
dents. It  is.  therefore,  the  duty  of  those  in  charge  to 
provide  the  boiler  operator  with  intelligent  assistance 
and  the  most  practical  means  available  that  will  enal)le 
him  to  eftect  economies  that  cannot  be  obtained  in  any 
other  wav.  It  is  not  within  the  scope  of  this  article  to 
present  a  compendium  of  principles  which  should  be 
followed  by  all  boiler  operators,  for  each  installation 
presents  local  factors  that  may  materially  affect  the  de- 
sired result.  It  can  be  said,  however,  that  this  phase  of 
power  ])lant  engineering  and  operation  has  heretofore 
been  greatly  neglected  in  most  plants,  and  is  a  wide-open 
field  for  remunerative,  minute  and  unbiased  research. 

The   steam  generating  plant   shown   in   Fig.   2    for 


buildings  located  at  considerable  distances  from  the 
main  power  and  heating  plant  is  composed  of  two  250 
horse-power  boilers  set  over  the  most  recently  devel- 
oped type  of  Roney  stoker.  The  setting  was  made 
unusually  high  in  order  to  provide  a  large  chamber  for 
complete  combustion  of  fuel  when  operating  at  above 
fifty  percent  overrating,  without  making  smoke  or  de- 
creasing the  efficiency. 

There  is  shown  in  Fig.  3,  at  the  left,  a  650  gallon 
per  minute,  motor-driven,  three-stage  centrifugal  feed 
pump.  This  pump  operates  under  a  positive  suction 
head  of  water  from  the  feed  water  heater  and  dis- 
charges into  manifolds  leading  to  boilers  located  in  three 
difl:'erent  plants.  In  the  background  of  Fig.  3  will 
be  seen  two  steam  driven  vacuum  pumps  which  draw 
water  of  condensation  from  shop  heating  fans  installed 
in  roof  structures  within  a  radius  of  approximately 
1000  feet  from  these  pumps.  The  positive  results  thus 
obtained  by  the  operation  of  a  low  pressure  indirect 
heating  system  of  this  magnitude  are  not  obtainable  in 
any  other  way,  nor  can  the  maintenance  and  operating 
efficiencies  of  a  plant  of  this  size  be  duplicated  by  a 
method  different  from  that  herein  employed. 

The  condensed  steam  returns  from  all  heating  units 
are  pumped  or  discharged  by  traps  into  a  large  meterino-- 
type,  open  feed  water  heater,  where  they  become  mixed 
with  exhaust  steam   from   power  plant  auxiliaries  and 


FIG.   4 — FRONT  OF   A    ID  000   HORSE-FOWKR   CAST-IROX    METERING 
TYPE    HEATER 

shop  Steam-consuming  equipment.  This  heater,  shown 
in  front  elevation  in  Fig.  4,  is  constructed  of  cast-iron 
sections  bolted  together,  forming  a  unit  32  feet  long,  10 
feet  wide  and  10  feet  high.  The  rear  section  of  the 
heater  is  baffled  so  as  to  form  a  settling  chamber  for 
water  after  it  has  been  chemically  treated  at  a  tempera- 
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ture  averaging  204  degrees  F.  From  the  heating  ele- 
ment section  of  the  heater  the  water  passes  over  cali- 
brated weirs,  where  it  is  measured  by  means  of  a 
300  000  pounds  per  hour  Lea  recorder,  which  gives 
hourly  and  daily  readings  of  the  quantities  of  water  fed 
to  the  boilers.  Prior  to  the  time  this  heater  was  in- 
stalled the  evaporation  factor  per  pound  of  coal  con- 
sumed in  the  boilers  was  twenty  percent  lower  than  at 
the  present  time,  and  the  tube  renewals  with  untreated 
water  were  in  the  ratio  of  twenty  to  one. 

From  the  metering-type  heater  the  feed  water  flows 
under  a  ten  foot  head  to  either  motor-driven  centrifugal 
or  steam-driven  reciprocating  pumps  which  feed  the 
water  into  the  boilers.  Steam  in  the  boilers  is  gener- 
ated at  160  lbs.  gage  pressure,  and  80  degrees  superheat. 
The  steam  thus  generated  passes  through  two  20  inch 
headers  which  Icul  tn  thr   main   turlio-generator  plant 


and  is  varied  in  quantity  from  ten  thousand  to  one  hun- 
dred thousand  pounds  per  hour.  Besides  this  amount 
of  low  pressure  steam  entering  the  heating  system  there 
are  from  ten  to  twenty-five  thousand  pounds  of  high 
pressure  steam  sent  to  office  buildings  and  shop  build- 
ings located  at  a  distance  of  two  thousand  feet  or  more 
from  the  main  heating  plant. 

The  electric  energy  developed  by  the  steam  working 
expansively,  to  slightly  above  atmospheric  pressure,  is 
obtained  at  a  comparatively  low  expense,  by  considering 
the  amount  of  steam  bled  as  a  heating  cost.  Any  addi- 
tional steam  entering  the  turbine  for  the  purpose  of 
generating  electric  power  passes  directly  to  a  LeBlanc 
condenser,  which,  with  normal  winter  load  conditions, 
operates  under  high  vacuum. 

In  connection  with  the  operation  of  the  bleeder 
turl)o-unit  very  careful  observations  of  wind  and  atmos- 


I'lG.  5 — A  6000  K.V..\ 
The  bleeder  valve  is  shown  on  top.    The  e.xcitcr  unit  an 

and  to  air  compressors  and  connections  supplying  live 
steam  to  the  shop.  Under  average  winter  heating  con- 
ditions approximately  one-half  of  the  steam  used  in  gen- 
erating electric  power  is  supplied  to  a  6000  k.v.a. 
bleeder-type  turbo-generator,  shown  in  Fig.  5.  In  the 
foreground  of  this  picture  there  may  be  seen  the  main 
governing  and  throttle  valves  of  the  turbine,  and  at  the 
top  the  bleeder  valve.  This  bleeder  valve  is  actuated 
through  mechanism,  which  is  automatically  controlled 
by  the  pressure  of  steam  in  the  heating  system  manifold. 
The  pressure  carried  at  the  outlet  of  the  bleeder  steam 
connection  is  varied  from  a  fraction  of  a  pound  to  32 
ounces,  gage,  this  being  set  to  conform  with  heating 
requirements  about  the  works.  The  amount  of  steam 
thus  bled  is  measured  by  a  low  pressure  steam  meter, 


BLEEDER    TURBINE 

d  a  section  of  the  switchboard  are  shown  at  the  right. 

pheric  temperatures  are  made  by  recording  gages  so  that 
the  exhaust  steam  meter  record  will  correspond  consist- 
ently with  the  data  thus  obtained  on  heating  require- 
ments, in  addition  to  these  observations,  however,  it  is 
necessary  to  lake  into  account  the  period  of  the  ordinary 
working  day  and  the  condition  of  the  shop,  as  the  opera- 
tion of  machinery  has  a  considerable  bearing  on  the 
total  heat  requirement  for  the  section  in  which  it  is 
located. 

The  low  pressure  steam  supplied  for  heating  build- 
ings leaves  the  power  plant  through  a  30  inch  main. 
From  this  emanate  a  number  of  smaller  manifolds  lead- 
ing directly  to  coil  heaters  located  in  the  roof  frame 
work  of  the  various  buildings.  A  typical  heater  of  this 
type  having  3500  square  feet  of  coil  heating  surface 
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and  the  motor-driven  fan  is  shown  in  Fig.  6.  The  air 
drawn  in  from  large  stacks  extending  through  the  roof 
passes  over  the  coils  and  into  fans.  From  these  it  is 
discharged  through  hot  air  manifolds  having  outlets  at 
every  second  building  column  throughout  the  works. 
During  the  summer  months  these  same  fans  are  oper- 


W'ebster  or  similar  type.  These  valves  open  into  con- 
densation return  lines,  which  lead  to  a  central  location 
for  a  large  number  of  heating  units.  The  return  lines 
converge  into  a  manifold  which  forms  the  suction  for 


FIG.   6 — TYPICAL    HOT-AIR    HEATIXG    FAN    LOCATED    IN    ROOK    TRUSSES 

Low-pressure  steam  from  bleeder  turbines  is  fed  to  heaters 
of  this  type  and  a  large  motor-driven  fan  (in  this  case  directly 
back  of  the  heater)  forces  the  air  through  manifolds  for  dis- 
tribution through  the  shop. 

ated  without  steam  in  the  coils,  for  ventilating  purposes. 
The  buildings  are  also  ventilated  by  means  of  exhaust 
fans,  which  discharge  air  arising  from  obnoxious  gen- 
erating mediums,  and  by  windows  which  are  hand  oper- 
ated from  the  floors  of  the  various  sections. 


FIG.   7 — MOTOR-DRIVEN    VACUUM    PUMPS 

Connected  to  the  return  lines  of  the  heating  system. 

vacuum  pumps,  an  installation  of  which  is  shown  in 
Fig.  7.  The  vacuum  pumps,  operating  on  from  five  to 
twenty  inches  of  mercury,  discharge  into  a  common  re- 


The  steam  supplied  for  heating  isolated  sections  is     turn  which  opens  into  the  feed  water  heater  in  the  steam 


reduced   through   pressure   regulating   valves   where   it     generating  plant 

HEATING    LOG 

December  17.  19M 


FIG.   8 — TYPICAL  DAILY   LOG 

Covering  the  operation  of  all  equipment  used  in  connection   witli  shop  and  office 

heating  systems. 


enters  the  building.     At  a  pressure  not  exceeding  two 

pounds  it  is  then  passed  through  radiators  of  either  the 

floor  or  ceiling  type  located  within  the  room  or  building 

to  be  heated.     Each  radiator,  and  also  each  section  of 

coils   in   the  case  of   the  large   indirect    fan-heater,   is     and  ventilating  system  are  handled  to  the  best  possible 

equipped  with  vacuum  or  condensation   valves  of  the      advantage. 


The  buildings  heated  by  direct  radia- 
tion are  ventilated  by  means  of  ex- 
haust fans  located  at  highest  eleva- 
tion in  the  buildings.  These  fans 
draw  the  foul  air  from  the  center 
of  rooms  and  discharge  it  through 
outlet  ducts  in  the  roof,  some  of 
which  arc  as  large  as  six  feet  in 
diameter. 

The  pr(.il)lem  of  operating  a  heat- 
ing  system   of   this   magnitude  has 
l)een  simplified  by  establishing  "sys- 
tem" wherever  practical.   A  heating 
and   ventilating   foreman,   with  the 
assistance  of  a  maxiimmi  of  eight 
men,    operates    32    large    indirect 
heating  or  ventilating  fans,  and  ap- 
proximately   the    same    number   of 
sections,  equipped  with  direct  radi- 
ating  apparatus.     The   method    of 
doing  this  is  greatly  facilitated  by 
reporting  all  heating  conditions  on  a 
log,  herewith  shown  in  Fig.  8.     By 
constant  reference  to  the  log  and  recording  instrument 
charts,  which  give  daily  records  of  temperatures,  pres- 
sures, steam  consumptions  and  other  data,  all  of  the  im- 
portant parts  entering  into  the  oiieration  of  this  heating 


Safety  Guards  for  Woodworking  Machinery 


C.  B.  AuEL 

Director,    Standards,    Processes   &    Materials 

Wcstinghouse   Electric  &   Mfg.   Com|)any 


A  NUMBER  of  safety  guards  have  recently  been 
devised  by  the  Westinghouse  Electric  &  Mfg. 
Company  for  use  in  its  woodworking  depart- 
ments which  can  readily  be  adaped  to  the  general  run 
of  tools  of  this  type  without  any  change  in  their  con- 
struction. Following  the  company's  usual  practice  of 
making  known  to  the  general  public,  in  the  interest  of 
the   safety   movement,   all   of   its   safety   devices,   these 


With  this  guard  it  is  not  even  necessary  to  lay  the 
board  which  is  to  be  sawed  flat  on  the  table,  for  it  may 
be  held  at  an  angle,  one  edge  resting  against  the  guide 
piece,  the  other  being  supported  by  the  hand,  and  the 
guard  will  still  ride  up  over  the  board  without  difficulty. 
The  holding  of  the  board  in  this  slanting  position  some- 
limes  facilitates  the  cutting  of  long  pieces,  as  it  enables 
the  board  to  be  moved  along  into  position  more  rapidly 


I-lr.S.   I   .\ND  2 — GUARD  I-OR  AUTOM.M'IC  CUT-OI'F  SAW  AT  BEGINNING  AND  AT  END  OF  STROKE 

In  Fi<j.  2  the  side  cover  plate  has  been  removed  to   show  the  location  of   the   saw. 


guards  may  freely  be  used  by  any  other  concern  for  its 
own  equipment,  but  not  for  exploitation. 

The  guard  shown  in  Figs,  i  and  2  for  a  cut-ofif  saw 
protects  both  at  the  beginning  and  at  the  end  of  the 
traverse  of  the  saw,  and  is,  therefore,  a  real  safety  de- 


for  the  cuts  without  having  to  lay  it  down,  then  pick  it 
up  after  each  cut. 

A  guard  for  stationary  circular  saws  is  shown  in 
Fig.  3.  It  is  unique  in  its  construction,  consisting  of  a 
series  of  slides  that  are  automaticallv  raised  to  allow  the 


vice  in  all  that  the  term  implies.     The  material  may  be  board,  as  it  is  being  cut,  to  move  forward  against  the 

either  sheet  iron  or  aluminum.     The  guard  is  hinged  saw,  but  which  progressively  descend  as  the  end  of  the 

from  a  spreader  mounted  at  the  rear  of  the  saw  but  board  passes  them,  thus  keeping  the  saw  thoroughly  well 

moving   with   it,   the   spreader  being   rather   special   in  guarded  at   all  times.     The  material  tiscd  is  planished 

shape  to  support  the  guard  in  order  to  prevent  its  rub-  sheet  iron   or  the  equivalent    (in   preference  to   alum- 

bing  on   the   table   during   its    forward    and    backward  innm)   to  give  it  the  necessary  weight  to  act  quickly, 

movement.     It  is  further  provided  with  small  buttons  though,  if  desired,  a  small  spring  can  be  attached  to  the 

or  the  equivalent  on  each  side,  to  serve  as  guides  in  s])rea(k'r   and   the   tmderside   of    the   backbone   of    the 
keeping  the  guard  centrally  in  position,  thus  eliminating 


I'lO.    3 — CUARIl    rOR   CIRCULAR    SAW 

side  play.  On  the  front  portion  of  the  guard  there  are 
reinforcing  strips  on  the  edges  to  stiffen  them  against 
damage  due  to  striking  the  raised  guide  piece  of 
the  table  when  the  saw  reaches  the  forward  end  of 
its  stroke.  The  existing  yoke  on  the  majority  of  saws 
can  lie  used  with  a  little  alteration  to  provide  for 
clearance,  though  a  now  yoke  can  perhaps  be  made  as 
cheaply. 


FIG.   4 — GUARD    FOR    A   JOIXTEK   OR    BUZZ    PLANER 

guard  to  cause  it  to  perform  its  functions  even  more 
])romj)lly.  The  arrangement  of  the  buttons  for  pre- 
venting sideplay  is  the  same  as  in  the  preceding  guard. 
The  guard  .shown  in  Fig.  4  is  for  a  planer.  It  con- 
sists of  a  metal  sheet,  placed  directly  over  the  cutter,  its 
height  being  regulated  by  means  of  a  thumb  screw  to 
suit  the  thickness  of  the  board  undergoing  planing. 
Horizontal  adjustment  is  similarly  provided. 
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Conducted  bv  R.  H.  Willard 


Three- Wire  Direct-Current  Generators 

Three-wire  distribution  is  widely  used  on  direct-current 
systems  due  to  the  saving  in  copper  which  is  effected.  Tlie 
three-wire  generator  commonly  supplied  for  this  service  is 
similar  to  the  standard  two-wire  machine  except  that  the  series 
and  commutating-pole  windings  are  split,  and  all  the  north  pole 
coils  located  on  one  side  of  the  armature  and  all  the  south  pole 
coils  on  the  other  side.  In  addition,  the  machine  is  usually 
equipped  with  a  collector  of  two  or  four  slip  rings,  and  con- 
nections for  each  pair  of  rings  are  tapped  into  the  armature 
l8o  electrical  degrees  apart.  A  two  to  one  ratio  auto-trans- 
former is  connected  across  each  pair  of  slip  rings,  and  the 
neutral  of  the  system  issues  from  the  mid-points  of  the  trans- 
formers. Fig.  I  shows  a  schematic  layout  for  a  two-pole  ma- 
chine with  a  single  balance  coil  or  auto-transformer.  Since  the 
voltage  generated  in  the  armature  of  a  direct-current  machine 
is  alternating,  the  balance  coil  has  an  alternating  e.m.f.  im- 
pressed across  its  terminals,  and  the  mid-point  will  always  be  at 
a  potential  half-way  between  the  ends.  If  load  is  taken  ofif  be- 
tween the  negative  brush  and  the  neutral  point  of  the  coil  O, 
the  current  will  flow  from  the  negative  brush  through  the  load 
and  back  to  the  neutral  point  of  the  coil.  From  this  point  O 
armature  to  the  negative  brush,  the  relative  resistances  depend- 
ing upon   the  position   of   the   armature   at   any   instant.     The 


Fig-  2 

tendency  would  be  for  the  current  at  any  instant  to  divide  be- 
tween these  two  paths  inversely  in  proportion  to  their  resist- 
ances and  thus  produce  a  pulsating  current  in  the  leads  BM  and 
AN,  as  the  resistance  changes  constantly  due  to  the  rotation  of 
the  armature.  However,  this  tendency  is  entirely  prevented  by 
the  transformer  action  of  the  balance  coil.  For  example,  if  the 
direct  current  in  the  side  A'A  started  to  rise,  the  increase  in 
current  would  generate  an  e.m.f.,  which  would  tend  to  increase 
the  current  MB  and  decrease  it  in  A'A.  This  action  allows  a 
very  slight  pulsation  of  the  currents  in  MA  and  MB ;  so  slight, 
however,  as  to  be  negligible.  This  action  is,  of  course,  entirely 
independent  of  the  exciting  current  of  the  balance  coil  wdiich  is 
superimposed  upon  the  direct  current.  The  neutral  current, 
therefore,  divides  almost  equally  in  returning  through  the  bal- 


ance coil,  and  the  current  in  the  leads  NA  and  MB  is  composed 
of  two  equal  direct-current  components,  upon  each  of  which  is 
superimposed  an  alternating-current  wave. 

Frequently  two  balance  coils  are  used  connected  as  in  Fig.  2. 
Tliis  arrangement  has  the  advantage  that  the  distribution  of  the 
currents  in  the  armature  on  unbalanced  load,  and  the  attendant 
heating,  is  more  uniform  tlian  with  only  one  coil.  The  general 
principle  of  operation  is  the  same  in  either  case. 


Leakage  Reactance 

The  magnetic  flux  in  a  transformer  can  be  divided  into 
two  parts,  the  main  flux  which  links  both  primary  and  sec- 
ondary coils  and  the  leakage  flux  which  surrounds  one  and  not 
the  other.  Both  fluxes  cause  back  e.m.f.'s  which,  when  added 
to  the  resistance  drop,  balance  the  terminal  voltage.  Since  the 
applied  voltage  remains  constant,  the  back  e.m.f.  produced  by 
the  main  flux  must  equal  the  applied  voltage  minus  the  sum 
of  the  resistance  drop  in  the  primary  winding  and  the  back 
e.m.f.  due  to  the  leakage  flu-x.  The  main  flux  of  a  transformer 
does  not  vary  directly  with  either  the  primary  or  secondary 
current,  but  depends  on  the  combined  effect  of  the  two,  for 
when  the  secondary  current  increases,  it  opposes  the  magnetic 
action  of  the  primary  and  causes  more  primary  current  to  flow 
so  as  to  overcome  this  opposition.  Leakage  flux  acts  differ- 
ently ;  since  there  are  no  secondary  ampere-turns  in  the  leakage 
path,  the  flux  through  it  is  due  to  the  action  of  one  coil  only 
and,   therefore,   it   depends   on  the  current  in   that  coil.     The 
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leakage  path  is  mostly  in  non-magnetic  materials,  so  the  path 
does  not  become  saturated  and  the  leakage  flux  is  directly 
proportional  to  the  ampere-turns  causing  it.  With  leakage 
flux  directly  proportional  to  the  current,  it  follows  that  the 
counter  e.m.f.  generated  by  this  flux  will  be  proportional  to  the 
current.  The  leakage  counter-e.m.f.  lags  90  degrees  behind  the 
current,  since  the  flux  which  causes  it  must  be  in  phase  with 
the  magnetizing  force — that  is,  the  current.  Since  the  coiinter- 
c  m.f .,  due  to  leakage  lags  90  degrees  behind  the  curernt  and 
is  proportional  to  it,  it  may  be  considered  equivalent  to  an 
external  reactance  coil  connected  in  series  with  the  trans- 
former. This  principle  is  taken  advantage  of  wdien  it  is  desir- 
able to  have  a  transformer  with  high  reactance,  such  as  for 
stepping  down  the  voltage  for  a  compound  rotary  converter  or 
for  a  moving  picture  arc  lamp.  One  method  of  getting  higher 
reactance  is  shown  in  Fig.  i.  The  high  tension  and  low 
tension  coils  in  a  shell-type  transformer  are  always  separated 
into  groups  and  interspaced.  Where  high  reactance  is  desired 
a  section  of  laminations  is  placed  between  groups.  This  gives 
a  large  leakage  path,  shown  in  Fig.  3,  and  gives  a  transformer 
of  high  reactance. 
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Our  subscribere  are  invited  to  use  this  department  as  a  means  of  securing  authentic  intormatran  on  electncaj  and  mechamcal  subjects. 
Questions  concerning  general  engineering  theory  or  practice  and  questions  regarding  apparatus  or  materials  desired  for  particular  needs  wiU  be 
answered.     Specific  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  cannot  be  supplied  through  this  department. 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  personal  reply  is  mailed  to  each  questioner 
as  soon  as  the  necessary  information  is  available,  however,  as  each  quesUon  is  answered  by  an  eipert  and  checked  by  at  least  two  others,  a  reason- 
able length  of  time  should  be  allowed  before  eipecung  a  reply.     Care  should  be  used  to  furnish  all  data  needed  for  an  intelligent  answer. 
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1208 — Arcing  Ground— D 11  riiiR  the  dry- 
ing out  of  a  125  k.v.a.,  three-phase.  2200 
volt,  .star-wound  generator  one  of  the 
temjiorary  main  leads  was  accidentally 
left  making  contact  with  tlie  grids  of 
the  field  rheostat.  After  the  dry  out, 
when  the  machine  was  brought  up  to 
voltage,  it  was  discovered  that  the 
commutator  of  the  direct-coupled  ex- 
citer was  at  a  dangerous  potential 
above  ground  (due,  of  course,  to  the 
accidental  contact  above  mentioned). 
While  searching  for  the  trouble  the 
following  curious  phenomenon  was 
noticed :  The  brush  arm  on  the  di- 
rect-coupled exciter  was  connected  to 
the  frame  of  the  machine  through  a 
no  volt  carbon  filament  lamp.  When 
tlic  ground  connection  was  good  no 
current  appeared  to  pass  through  the 
lamp,  but  if  the  lead  was  held  about 
one-sixteenth  inch  from  the  frame  an 
arc  would  establish  itself  and  the 
lamp  glowed  at  about  70  volts.  As 
soon  as  the  arc  was  broken  by  short- 
circuiting  the  lamp  went  out.  Please 
explain  this.  j.  P.  (0NT.\Rio) 

With  one  terminal  of  the  armature 
solidly  connected  through  the  resistance 
of  the  lamp  to  ground  tlie  static  neutral 
of  the  winding  is  held  at  that  point,  so 
that,  as  far  as  the  potential  above 
ground  is  concerned,  the  other  two  ter- 
minals may  be  considered  as  rotating 
about  this  point,  as  shown  in  Fig.   1208 
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Fig.  1208(a) 

(a).  The  winding  has  a  definite 
capacity,  and  as  a  condenser  is  charged 
and  discharged  at  the  normal  fre- 
quency of  the  machine.  The  charging 
current  under  this  condition  is  in- 
sufficient to  cause  any  glowing  of  the 
lamp  filament.  When  an  arc  is  estab- 
lished a  high  frequency  oscillation  is  set 
up,  and  at  such  frequency  the  charging 
current  reaches  a  value  where  the  lamp 
is  energized.  This  phenomenon  is  sim- 
ilar to  that  which  would  obtain  with  the 
winding  replaced  by  a  condenser  and  a 
voltage  of  zero  frequency,  or,  in  other 
words,  a  constant  potential  applied  to 
the  circuit.  With  a  solid  connection  no 
current  would  flow  after  the  condenser 
was  charged  initially.    Should,  however. 


the  condenser  be  charged  and  discharged 
at  a  high  frequency  it  is  possible  to  ob- 
tain a  condition  where  the  lamp  would 
he   ligbtfd,  i-.  C.  H.  and  L.  w.  c. 

1209 — Synchronous  Motor — A  20  horse- 
power, 60  cycle,  6  pole  synchronous 
motor  is  self-starting,  but  has  a  sub- 
synchronous  speed  of  600  r.p.m. — half 
speed.  The  machine  was  built  for 
testing  pur|)oses,  and  is  of  special  de- 
sign. The  stator  is  a  standard  in- 
duction motor  stator  and  is  three- 
phase,  star  or  delta.  The  rotor  or 
field  is  a  standard  direct-current  arm- 
ature, except  that  it  has  two  slip  rings. 
It  is  6  pole,  lap  wound.  No  break-up 
switch  is  provided  in  the  field,  and  the 
induced  voltage  at  zero  speed  is  about 
Oooo  with  220  volts  on  the  stator.  This 
voltage  is  sufticicnt  to  ground  or  flash 
over  the  slip  rings,  so  the  field  is 
always  short-circuited  when  the  ma- 
chine is  started  from  alternating  cur- 
rent. The  machine  starts,  but  con- 
tinues to  run  at  half  speed.  We  have 
tried  opening  the  field  circuit  (result- 
ing in  an  arc  at  the  slip  rings),  short- 
circuit,  full  field,  part  field,  resistance 
across  slip  rings,  inductance,  etc.  The 
field  current  is  30  cycle  alternating 
current  and  remains  at  about  two 
amperes,  re.gardless  of  tlic  resistance 
in  tlie  circuit.  The  machine  will  carry 
two  or  tliree  horse-power  at  about 
half  speed.  If  brought  mechanically 
to  900  r.p.m.  or  over,  it  will  come  up 
to  synchronous  speed  (1200  r.p.m.) 
and  come  onto  synchronism  often 
without  field  current  on.  The  air-gap 
is  very  small,  and  the  writer  has 
thought  that  the  rotating  field  due  to 
the  rotor,  combined  with  the  60  cycle 
field  of  the  stator,  causes  a  resultant 
30  cycle  field,  accounting  for  half 
speed.  This  could  not  happen  unless 
the  rotor  field  was  nearly  equal  to  the 
stator  field.  The  machine  is  used  in- 
terchangeably as  a  motor  and  as  a 
generator.  E.  E.  G.  (ohio) 

From  the  description  of  this  case, 
when  starting  (i)  with  the  field  open,  or 
(2)  with  it  short-circuited,  the  condi- 
tions appear  to  be  comparable  to  start- 
ing a  wound-secondary  induction  motor, 
(i)  with  the  secondary  open,  or  (2) 
with  only  a  single  phase  short-circuited. 
Under  the  first  of  these  conditions  the 
torque  produced  is  very  low,  and  usu- 
ally is  not  sufl'icient  to  bring  the  motor 
up  to  speed.  Under  the  second  condi- 
tion, while  there  is  a  torque  produced, 
there  is  also  a  tendency  to  run  at  half 
speed,  due  to  one  component  of  the 
single-phase  field.  W'hen  the  efifect  of 
this  component  predominates,  as  in  this 
case,  the  motor  will  not  go  above  half 
speed.  The  difficulty  may  be  overcome 
by  getting  the  equivalent,  during  start- 
ing, of  a  polyphase  rotor  winding.  This 
may  be  accomplished   by  arranging  the 


rotor  winding  to  give  a  regular  three- 
phase  star  winding  to  be  used  with  re- 
sistance in  series  while  starting — two 
phases  to  be  excited  for  normal  syn- 
chronous motor  operation.  This  ar- 
rangement may  possibly  be  approxi- 
mated sufficiently  close  to  give  a  satis- 
factory torque  by  bringing  out  a  third 
lead  only,  without  regrouping  the  wind- 
ing. .\  still  simpler  scheme,  if  applica- 
ble, would  be  to  remove  the  present 
rotor  slot  wedges  and  replace  them  by 
copper  or  brass  strips  short-circuited  on 
the  ends  to  form  a  squirrel  cage  wind- 
ing. If  the  latter  is  used,  a  high  resist- 
ance should  be  inserted  in  series  with 
the  field  winding  while  starting.    R.  A.  M. 

1210— Detecting    Faulty    Insulators— 
What   is   considered   the   best   method 
of    detecting    faulty    insulators    on    a 
high  tension  line  where  the  insulators 
are  not  visibly  broken?     .\  megger,  I 
understand,  will  show  the  general  con- 
dition of  line  insulation,  liut  will  not 
locate  the  actual  fault  with  any  degree 
of    accuracy.      I    have    heard    that    a 
wireless  or  telephone  receiver  can  be 
used   to   advantage.     Will  you  kindly 
explain   the  theory  of   their  use?     In 
testing  a  steel  tower  line  with  a  guard 
wire  running  its  full  length,  woiild  a 
wireless  receiver  detect  a  faulty  insu- 
lator on  any  particular  tower  by  con- 
necting  one   side   to   ground    and   the 
other  side  somewhere  on  the  tower? 
H.T.  H.  (m.mne) 
There  is  no  entirely  satisfactory  and 
at  the  same  time  convenient  method  of 
detecting  defective  insulators  while  on  a 
transmission  line.     Megger  tests  are  of 
a  rather  negative  nature.   If  the  weather 
is  dry  and  a  megger  shows  low  resist- 
ance, or  less  than  "infinite,"  the  proba- 
bility is  that  the  insulator  is  had.     This 
is    not    sure,    as    sometimes    good    insu- 
lators show   less  resistance  due  to  dirt, 
and  some  showing  infinity  may  fail  on 
dielectric  test,  but  the  majority  of  those 
reading    low    on    megger    test    will    fail 
on  dielectric  test.     Where  insulators  are 
on  poles  and  each  pin  can  be  connected 
in    series    with     telephone     receiver    to 
ground   a   failed   insulator   will   give   an 
indication    different    from    a   good    one. 
This    scheme   is    hardly   workable   on    a 
steel  tower  that  is  already  grounded,  as 
the  tower  ground  is  likely  to  short-cir- 
cuit any  voltage  in  the  receiver.    We  are 
not    acquainted    with    the    wireless    im- 
pulse scheme,  but  any  method  will  work 
that  will  put  voltage  over  the  insulator 
in  such  a  way  that  a  telephone  receiver 
in  series  will  betray  leakage.     Probably 
the  most  definite  scheme  is  bv  use  of  a 
Tesla  coil  to  give  a  real  dielectric  test 
on  the  insulator  in  place.     This  device 
is  bulk}',  however,  and  not  so  convenient 
as  the  megger  or  the  telephone  receiver, 
as  it  requires  power  to  excite  the  trans- 
former and  Tesla  coil.  R.  P.  J. 
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PERSONALS 

Mr.  E.  M.  Herr,  president  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, was  awarded  tlie  honorary  degree 
of  Master  of  Arts  by  Yale  University 
at  the  annual  comencement  exercises  in 
June.  Mr.  Herr  graduated  from  Shef- 
field Scientific  School  of  Vale  Univer- 
sity in  1884.        • 

Mr.  Allen  E.  Ransom,  manager  of  the 
engineering  department  of  the  Halbdie 
Machinery  Company,  Seattle,  Wash., 
has  again  joined  the  Seattle  organiza- 
tion of  the  Westinghouse  Electric  &  Mfg. 
Company.  . 

Mr.  J.  S.  Tritle,  manager  of  the  Kan- 
sas City  office  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  has  been  made 
manager  of  the  St.  Louis  district,  which 
has  been  enlarged  to  include  also  the 
Kansas  City  district. 


Mr.  C.  A.  Yarrington,  formerly  of  the 
export  department  of  the  Westinghouse 
Electric  &  Mfg.  Company  at  East  Pitts- 
burgh, has  been  appointed  manager  of 
the  South  Boston  Electric  Light  & 
Power  Company,  South  Boston,  Va. 


Mr.  W.  E.  Moore,  vice-president  and 
general  manager  of  the  West  Penn 
Traction  Company,  has  resigned  from 
his  present  duties  in  order  to  devote  his 
entire  time  to  consulting  engineering 
practice.  Under  Mr.  Moore's  direction, 
the  West  Penn  has  grown  from  a  few 
isolated  lighting  and  railway  plants  into 
a  large,  comprehensive  group  of  proper- 
ties physically  linked  together,  covering 
an  area  exceeding  three  thousand  square 
miles,  which  represents  one  of  the  larg- 
est systems  of  the  kind  in  the  country. 
Mr.  Moore  will  continue  with  the  West 
Penn  Company  in  an  advisory  capacity. 
Mr.  Moore's  services  with  the  West 
Penn  interests  date  back  to  1903.  The 
Company,  during  his  incumbency,  has 
been  known  as  a  most  progressively 
managed  corporation,  and  is  at  present 
serving  a  connected  railway  and  light- 
ing load  aggregating  150000  horse- 
power, supplying  over  one  hundred 
municipalities  and  operating  more  than 
three  hundred  and  fifteen  miles  of  street 
and  interurban  railways.  Mr.  Moort. 
will  engage  in  general  engineering  prac 
lice,  covering  power  development,  trans- 
mission and  railway  engineering,  and 
will  also  undertake  appraisals,  reports, 
especially  in  connecti  mi  with  public  ser- 
vice regulation,  and  advisory  work  in 
connection  with  public  utility  manage- 
ment. 


NEW^  N.  E.  L.  A.  OFFICERS 
At  the  annual  convention  of  the  Na- 
tional Electric  Light  Asociation,  held  at 
San  Francisco  June  7-1 1,  the  following 
officers  were  elected  :  President,  E.  W. 
Lloyd,  Commonwealth  Edison  Company, 
Chicago  ;  first  vice-president,  H.  A.  Wag- 
ner, Consolidated  Gas,  Electric  Light  & 
Power  Company,  Baltimore :  second 
vice-president,  W.  F.  Wells,  Edison  Elec- 
tric Illuminating  Company,  Brooklyn ; 
third  vice-president.  R.  H.  Ballard, 
Southern  California  Edison  Company, 
Los  Angeles ;  fourth  vice-president.  R. 
S.  Orr,  Duquesne  Light  Company,  Pitts- 
burgh ;  secretary,  T.  Commerf ord  Mar- 
tin;  treasurer,  W.  H.  Atkins,  Edison 
Electric  Illuminating  Company,  Brook- 
lyn. Mr.  J.  F.  Becker,  United  Electric 
Light  &  Power  Company,  New  York, 
was  elected  chairman  of  the  commercial 
section. 


NEW  BOOKS 

"Getting  the  Most  Out  of  Business"— E. 
St.  Elmo  Lewis.  483  pages.  Pub- 
lished by  The  Ronald  Press  Company 
For  sale  by  The  Electric  Journal. 
Price,  $2.00. 

This  work  is  based  on  articles  appear- 
ing in  The  Ca.vton  during  igi^  prepared 
by  the  author,  formerly  advertising  man- 
ager Burroughs  Adding  Machine  Com- 
pany and  vice-president  National  Asso- 
ciation of  Corporation  Schools.  The  au. 
thor  has  had  a  large  experience  in  mod- 
ern business  methods  and  has  an  inter- 
esting style  of  presentation  which  makes 
the  book  of  continued  interest.  The  au- 
thor's large  acquaintance  with  men  of  af- 
fairs enables  him  to  bring  in  many  in- 
teresting stories  regarding  the  methods 
of  business  executives  and  others  who 
have  been  particularly  successful  in 
business. 


"The  Alodern  Factory"  —  George  M. 
Price.  574  pages,  illustrated.  Pub- 
lished by  John  Wiley  &  Sons.  Price 
$4.00. 

A  most  timely  book  and  the  first  of  its 
kind  is   "The  Modern   Factory,"  by  Dr. 
George  M.  Price,  dealing  as  it  does  with 
modern     factory    conditions     from     the 
standpoint  of  safety,  sanitation  and  wel- 
fare.    The  author  has  had  a  unique  and 
almost  unequaled  opportunity  for  a  study 
of  this  kind,  and  as  a  result  has  placed 
before  the  public,  in  an  extremely  inter- 
esting manner,  data  of  incalculable  value 
with    which     everyone    connected     with 
factory  management  in  any  way  should 
become   acquainted.      The    book   is   pro- 
fusely illustrated,  and  illustrations  when 
well  chosen,  as  in  this  case,  are  always 
most  instructive  in  lending  emphasis  to 
the  reading  matter.     Though  of  almost 
six   hundred   pages,   there   is   apparently 
little,  if  anything,  which  could  properly 
be    omitted.      Even    the    first    chapters, 
treating  of  the  rise  and  growth  of  the 
factory,  and  which  would  seem  at  first 
glance   to   be   unessential,   are   necessary 
for  a  clear  idea  of  the  subject.   The  next 
two   chapters    discuss    factory   fires   and 
accidents,    their    cause    and    prevention, 
amplified  by  many  excellent  photographs 
of  safety  devices.     A  chapter  is  devoted 
to    factory    lighting,    and    contains    the 
salient  features  for  proper  illumination, 
both   by  natural   and   artificial  methods, 
with   considerable  data  as   to   the  effect 
of  surroundings,  not  only  on  the  lighting 
itself,  but  on  the  workers  psychologically 
and  otherwise.     The  chapter  on  sanita- 
tion contains  information  as  to  the  re- 
quirements of  health  regulations  for  the 
various  trades,  supplemented  by  a  num- 
ber of   typical   photographs   of   installa- 
tions as  found,  both  good  and  bad.    Em- 
ployers' welfare  work  is  outlined  quite 
at  length  ;  the  various  wage  systems  are 
included,   and   their   relative   advantages 
and    disadvantages    are    discussed    from 
the  standpoints  of  the  employer  and  em- 
ploj-ee.      Suggestion    systems,    co-opera- 
tive clubs,  shop  committees,  sickness  and 
accident  insurance,  service  pensions,  res- 
taurants,   recreation    and    apprenticeship 
schools  are  also  touched  upon.     Several 
chapters  are  given  to  air  and  ventilation 
in   factories,  industrial  dusts   and  dusty 
trades  and  industrial  poisons,  gases  and 
fumes.     Too  little  attention  lias  hereto- 
fore been  paid  to  these  items  by  those 
connected   with   factory  work,  not  only 
by  the  architect  and  engineer  who  design 
the  buildings   and   contents,  but  by  the 
worker  wdio  uses  them.     If  any  portion 
of  the  book  might  be  said  to  be  more  im- 


l)ortaiit  than  another  portion,  this  would 
Ijc  undoubtedly  selected  as  containing  in- 
formation of  the  first  importance,  but 
with  which,  however,  the  average  person 
is  almost  totally  unacquainted.  The  book 
closes  with  chapters  on  factory  legisla- 
tion and  factory  inspection.  c.  B.  A. 


"Constant  Voltage  Transmission" — Her- 
bert Bristol  Dwight.  115  pages,  14  illus- 
trations. Published  by  John  Wiley  & 
Sons.     Price.  $1.50. 

This  book  is  by  the  author  of  "Trans- 
mission Line  Formulas,"  and  discusses 
the  advantages  of  using  synchronous 
motors  for  eliminating  voltage  varia- 
tions in  electric  power  systems.  The 
writer  has  been  for  several  years  an  ad- 
vocate of  the  constant  voltage  method 
of  transmission  obtained  by  the  installa- 
tion of  synchronous  phase  modifiers.  In 
addition  to  general  discussions  on  this 
subject  it  gives  cost  comparisons  and 
working  methods  of  transmission  line 
calculations.  Five  tables  of  formulas 
are  given,  along  with  an  appendix  on 
the  reactance  of  stranded  conductors. 
References  are  also  given  to  numerous 
contributions  by  the  author  and  others 
in  various  periodicals  bearing  on  the 
same  general  subject.  a.  h.  m. 


"Coal  Catechism" — W.  J.  Nicolls.  249 
pages,  size  4x6  inches,  handbook  style. 
Published  by  J.  B.  Lippincott  Com- 
pany. For  sale  by  The  Electric  Jour- 
nal.    Price,  $2.00. 

As  the  name  implies,  this  book  con- 
sists of  a  large  number  of  questions  and 
answers  dealing  with  typical  coal  sub- 
jects. While  the  contents  are  essen- 
tially rudimentary,  they  have  been  ar- 
ranged to  give  one  a  fair  working 
knowledge  of  the  general  coal  situation 
and  some  of  its  practical  features.  The 
book  is  divided  into  twenty  chapters, 
embracing  the  following  topics  :  Origin, 
geology,  history,  geography,  production, 
classification,  prospecting,  development, 
operating,  haulage,  preparation,  water 
and  coal  shipments,  heating,  power,  met- 
allurgical, gas,  coke,  products.  The  book 
is  primarily  of  interest  to  those  engaged 
in  the  commercial  side  of  marketing 
coal ;  also  for  elementary  educational 
work.  E.  D.  D. 


"Drake's  Telephone  Handbook" — David 
Penn  Moreton,  286  pages,  161  illustra- 
tions, AYz  by  O'/z  inches.  Published 
by  Frederick  J.  Drake  &  Company. 
Fore  sale  by  The  Electric  IruRNAL. 
Price,  $LO0. 

This  little  book  covers  the  suDJect  in 
a  very  thorough  manner,  beginning  with 
a  discussion  of  some  of  the  simple  forms 
of  electric  circuits,  magnetism,  iii'luction, 
batteries,  etc.  An  unusual  feature  in 
such  works  is  a  chapter  on  sound  ex- 
plaining the  propagation  of  sound  waves 
and  the  mechanism  by  whicn  the  human 
ear  registers  the  vibrations  to  which  it 
is  susceptible.  The  Bell  telephone  sys- 
tem of  circuits  is  explained  in  detail.  The 
final  chapter  deals  witn  telephone 
troubles  and  with  methods  of  locating 
and  repairing  them. 


"Elementary    Electrical    Testing"  —  V. 

Karapetoff.     Published  by  John  Wiley 

&  Sons.     Price,  SO  cents. 

This  is  one  of  the  Wiley  Technical 
Series  of  loose  leaf  laboratory  manuals, 
edited  by  Mr.  J.  M.  Jamesoii.  It  is  de- 
signed especially  as  a  manual  for  tech- 
nical high  schools  and  for  evening 
classes  in  applied  electricity  and  elec- 
trical machinery. 
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...  I  he    explanation    of    the    action    of    a 

Analysis  ,      ,  .     ,       .  ^  ,■   „ 

polyphase   mduction    motor   operatnig 

with  a  single-phase  secondary,  contributed  by  Mr.  B.  G. 
Lamme,  and  published  in  this  issue,  is  a  very  ingenious 
piece  of  an  analysis.  In  it  he  resorts  to  the  well-known 
device  of  resolving  a  single-phase  field  into  two  equal 
components  rotating  in  opposite  directions.  We  wish  to 
call  attention  here  not  so  much  to  the  results  as  to 
the  method.  .Any  problem  in  engineering — or  for  that 
matter  in  any  jihase  of  human  activity — no  matter  how 
comi.)lex,  at  the  bottom  is  simply  a  combination  of 
definite  and  easily  understood  fundamentals.  Analysis 
is  simply  the  process  of  resolving  that  problem  into  its 
fundamentals.  .\t  that  process  Mr.  Lamme  is  an  adept. 
The  idea  of  resolving  a  single-phase  field  into  two  equal 
and  oppositely  rotating  components  is  an  old  one,  but  its 
application  to  explain  the  action  of  single-phase  sec- 
ondary operation  in  an  induction  motor  is  new.  Of 
course,  a  single-phase  field  does  not  actually  consist  of 
two  oppositely  rotating  components,  but  the  resultant 
action  is  exactly  the  same  as  if  it  did.  Similarly,  an 
alternating-current  load  does  not  actually  consist  of  an 
in-phase  and  an  out-of-phase  component,  but  it  acts  ex- 
actly as  if  it  did.  The  device  of  resolving  a  load  into 
these  two  components  is  so  common  that  some  students 
get  the  idea  that  there  really  are  two  separate  com- 
ponents. There  are,  of  course,  no  such  components  in 
actual  existence ;  it  is  simply  a  method  of  analysis. 

Mr.  Lamme  has  given  us  a  most  excellent  example  of 
the  application  of  analytic  methods.  The  results  of  his 
analysis  are  of  much  interest;  but  of  even  greater  inter- 
est is  a  study  of  the  methods  by  which  Mr.  Lamme  and 
other  thinkers  of  his  type  arrive  at  their  results. 

One  of  the  essentials  in  an  analysis  of  this  kind  is  a 
clear  physical  conception  of  the  action  of  the  apparatus 
analyzed,  \\ithout  such  a  physical  conception,  an  at- 
tempt at  analysis  would  be  similar  to  an  attempt  by  a 
child  to  put  together  the  intricate  mechanism  of  a  watch, 
for  instance.  The  child  cannot  understand  the  functions 
of  the  parts  that  go  to  make  up  the  watch,  and  without 
such  an  understanding  any  attempt  to  put  the  watch  to- 
gether must  fail.  But  with  such  an  understanding  any- 
one, with  sufificient  mechanical  skill,  could  succeed  in 
assembling  the  watch.  So  it  is  with  the  analysis  of  a 
problem  such  as  Mr.  Lamme  here  considers.  Analysis 
is  dependent  upon  a  clear,  physical  conception  of  what 
is  going  on  in  the  apparatus  being  studied. 

P.  M.  Lincoln 


u  m  Some    sixteen    hundred    youns;    men 

Have  a  Plan  ,  ,  ,  .        .  * 

were  graduated  last   sprmg   from  the 

technical  schools  of  this  country  as  electrical  engineers. 
Some  of  these  were  scut  by  parents  whose  ambitions 
were  largely  a  matter  of  pride,  social  standing  and  finan- 
cial success.  Electrical  engineering  being  a  compara- 
tively new  held,  the  chances  for  success  in  it  seemed  to 
be  greater  than  in  many  other  branches.  Others  were 
influenced  by  the  success  of  their  friends  or  relatives 
in  similar  lines,  but  they  also  may  be  classed  among 
those  sent. 

Another  group  came  in  response  to  their  own  amlii- 
tions  and  judgments.  With  some  slight  experience  in 
mechanical  and  electrical  things :  natural  mechanical 
talent;  great  energy  and  capacity  for  hard  work,  it  was 
inevitable  that  they  should  obtain  a  higher  education 
even  if  left  to  their  own  resources.  These  are  the  men 
found  working  late  at  night,  employing,  if  necessary, 
much  of  their  time  at  many  different  jobs  in  order  to 
pay  their  way  through  college.  They  respond  quickly, 
are  thoroughly  reliable  and  have  earned  the  respect  of 
all  of  their  associates.  This  latter  group,  however,  may 
be  divided  again,  and  in  the  last  division  are  those  who 
have  an  intuitive  conception  of  the  fundamentals  of 
engineering.  If  working  their  way  through,  they  have 
selected  the  most  helpful  occupations  available.  They 
have  managed  boarding  clubs  instead  of  merely  waiting 
table.  They  have  devised  original  means  for  increasing 
the  sale  of  books  during  vacation  periods  instead  of 
merely  memorizing  instructions  issued  by  the  publishers. 
In  their  school  work  they  used  the  technical  library  in- 
stead of  merely  studying  the  assigned  text  lessons.  They 
got  a  perspective  of  the  relation  of  things  instead  of 
merely  following  one  lead  suggested  by  the  daily 
routine.  In  the  laboratory  they  studied  the  performance 
of  machines  instead  of  merely  performing  an  assigned 
experiment.  While  willing  to  serve  they  have  been  alert 
to  their  own  progress.  The  college  experience  of  such 
a  man  is  but  a  part  of  his  general  plan. 

Modern  formal  schooling  seems  to  be  endeavoring 
to  do  two  things :  First — To  give  to  each  student  that 
kind  of  training  which  he  requires  to  enable  him 
to  earn  a  livelihood  at  his  maximum  efficiencv.  This 
involves  both  a  knowledge  of  old  facts  and  the  ability 
to  think  out  new  ones.  Second — To  give  him  broader 
ideals  of  life  which  will  make  him  a  more  useful  and 
intelligent  citizen.  The  first  must  be  fitted  to  each  indi- 
vidual   according    to    his    natural    talents,    whether    he 
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aspires  to  be  a  blacksmith  or  an  electrical  engineer  (and 
there  must  be  no  false  classitication  of  the  dignity  of 
occupations),  and  then  the  second  superimposed.  An 
expert  carpenter  is  in  every  real  sense  a  bigger  man 
than  a  mediocre  engineer. 

From  the  practical  world's  viewpoint  education  must 
mean  more  efficient  employees.  The  employer's  problem 
is  two-fold  :  l-'irst — selection  ;  second — development. 
.  Let  me  suggest  two  conflicting  philosophies  of  life : 
First — that  all  men  are  good  for  something  if  they  can 
find  their  proper  field  and  will  work  for  their  own  devel- 
opment ;  second — that  all  men  are  divided  into  two 
groups — those  who  will  succeed  at  anything  they  under- 
take, and  those  who  are  good  for  nothing,  merely  human 
refuse  in  the  earth's  production  of  the  fit.  Somewhere 
between  these  extremes  is  perhaps  the  proper  balance, 
and  employers  are  carefully  selecting  young  men  suited 
to  their  business  in  general  and  then  developing  them 
in  it  in  particular. 

Industry  employs  technical  graduates  through  faith 
in  their  ca]jacity  to  develop  and,  however  specific  their 
branches  must  necessarily  be,  it  should  provide  oppor- 
tunities for  advancement  from  one  position  to  another, 
according  to  the  young  engineer's  developing  abilities,  if 
it  is  to  get  its  maximum  return  from  its  men.  Condi- 
tions are  always  changing,  and  while  industry  wants  ex- 
pert specialists  it  needs  also  growing  men.  There  should 
be  nothing  in  the  environment  to  keep  any  man  on  one 
job  indefinitely  if  he  is  able  to  hold  a  better  one.  This 
is  not  only  fair  to  the  man,  hut  is  absolutely  necessary  to 
the  highest  development  of  the  industry  employing  him. 
Of  course,  industry  cannot  be  conducted  sentimentally 
for  the  benefit  of  each  employee  in  his  personal  develop- 
ment, but  neither  can  it  afford  to  lose  the  spirit  and 
power  of  ambitious  men  by  stunting  their  development 
through  narrow  s])ecialization. 

To  carry  out  these  ideals  obviously  demands  the 
most  careful  analysis  of  personal  and  mental  character- 
istics, and  yet  only  those  who  deliberately  refuse  to  plan 
their  own  development  can  be  assigned  to  failure.  Prog- 
ress is  not  for  the  young  man  who  waits  for  something 
to  turn  up — no  matter  how  good  and  how  honest  he 
may  be.  By  studying  people  as  systematically  as  we  have 
been  studying  materials  ;  by  being  frank  instead  of  diplo- 
matic ;  in  short,  by  applying  the  engineering  method  of 
unprejudiced  analysis  to  human  relations,  we  will  more 
nearly  ai)proach  the  plane  where  each  man  will  be  in  his 
right  work  and  group  efficiency  will  be  attained  through 
individual  development. 

.^s  a  means  of  planning  his  own  development,  each 
young  engineer  will  do  well  to  consider  his  rating  in  such 
characteristics  as  physique,  personality,  knowledge,  com- 
mon sense,  reliability,  open-mindedness,  tact,  initiative, 
attitude,  originality,  industry,  enthusiasm,  thoroughness, 
analysis,  system,  decision,  and  power  of  expression,  for 
by  such  qualities  will  he  be  judged  by  the  scouts  of  in- 
dustry in  their  selection  of  men.  C.  R.  Dooley 


Commercial      To    the    engineering    student,    and   in 
.      .  fact  to  the  average  operating  engineer, 

esignmg  designing  a  piece  of  electrical  appa- 
ratus means  so  proportioning  and  arranging  the  parts 
that  the  apparatus  will  work ;  so  that  it  will  operate 
efficiently  and  eftectively.  With  respect  to  the  design  of 
oil  circuit  breakers,  for  example,  he  reads  articles  on  the 
effect  of  contact  pressure,  he  hears  papers  and  discus- 
sions on  the  dielectric  strength  of  oil,  or  the  action  of 
an  arc  under  oil ;  and  these  things  to  him  constitute  the 
sum  and  substance  of  circuit  breaker  design.  To  the 
|)ractical  designer,  however,  these  features,  although  es- 
sential, constitute  only  a  part  of  the  problem.  Circuit- 
breaking  capacity,  current-carrying  capacity,  ability  to 
withstand  high  electrical  potentials  and  high  oil  or  gas 
pressures — all  these  must  be  considered ;  but  in  addition, 
simplicity  of  manufacture  in  large  quantities — the  con- 
struction of  the  whole  so  as  to  require  the  fewest  possi- 
ble separate  parts — the  shaping  of  the  parts  so  that  they 
may  be  used  in  a  large  variety  of  styles,  and  hence  so 
that  only  a  few  parts  will  be  required  for  stock — the  de- 
sign of  the  parts  so  as  to  require  the  least  amount  of 
labor  in  manufacture,  especially  high-priced  labor,  such 
as  machining,  and  not  only  so  that  they  can  be  cast  or 
punched  easily,  but  also  so  that  they  can  easily  and 
quickly  be  assembled  or  disassembled  for  rejiair  and,  if 
necessary,  by  unskilled  workmen — each  and  all  of  these 
features  must  be  considered  by  the  engineer  who  is  de- 
signing circuit  breakers  for  a  large  manufacturing  com- 
pany. 

The  complexity  of  the  problem  is  well  brought  out 
in  the  article  by  Mr.  J.  N.  Mahoney  in  this  issue  of  the 
JouKX.VL,  in  which  he  states  that  approximately  one 
hundred  and  seventy  thousand  different  combinations 
are  commonly  required  in  a  line  of  circuit  breakers 
which  covers  only  a  small  part  of  the  complete  range  of 
voltages  and  capacities  in  common  use.  That  this  figure 
does  not  include  all  the  possible  combinations  is  evident 
from  an  inspection  of  the  table  presented.  However,  in 
spite  of  the  great  variety  of  combinations,  any  one  of 
which  is  liable  to  be  called  for  on  short  notice,  the  num- 
ber of  stock  parts  is,  as  shown  by  the  illustrations,  rela- 
tively small. 

A  first  glance  at  some  of  the  illustrations  is  apt  to  be 
deceiving.  In  fact,  one  engineer,  on  seeing  the  exploded 
view  of  the  pillar  contact,  remarked,  "What  a  lot  of 
parts."  When  one  considers,  however,  how  nicely  each 
part  performs  its  separate  function,  and  how  they  are  so 
interrelated  as  to  form  a  unit  which  can  readily  be  ex- 
panded to  meet  changed  conditions,  it  is  evident  that  the 
total  number  of  parts  is  comparatively  small.  This,  of 
course,  is  directly  beneficial  to  the  manufacturer,  who 
has  the  double  advantage  of  quantity  manufacture  and 
minimum  capital  investment  in  the  stock  room.  To  the 
user  it  means  a  reduced  first  cost,  reduced  maintenance 
expense  and  minimum  idle  capital  in  the  form  of  emer- 
gency spare  parts.  Chas.  R.  Riker 


The  Design  of  Oil  Circuit  Breakers  for  Quantity 

Manufacture 
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THE  COMMERCIAL  design  of  electrical  appa- 
ratus requires  not  only  that  the  apparatus  meet 
the  operating  requirements  of  the  user,  but  also 
that  it  be  possible  to  manufacture  it,  usually  in  large 
quantities,  for  the  least  possible  cost.  This  in  turn  re- 
quires that  it  shall  be  buih  of  the  smallest  possible  num- 
ber of  parts,  and  that  these  parts  be  standardized,  as  far 

as   possible,    so   that 
one    unit    m  a  y    be 
used  in  a  number  of 
different    sizes    or 
styles   of   apparatus, 
thereby   gaining   the 
advantage   of    quan- 
tity    m  a  n  u  facture 
and    simplifying   the 
maintaining  of  stock 
for  new  and   repair 
parts.      In    the    fol- 
lowing   pages     the 
problem   of   the   de- 
sign of  a  single  ex- 
tensive   line    of    oil 
switching    apparatus 
is     presented     from 
the  point  of  view  of 
economical    m  a  n  u- 
facture    and    ability 
to   make   reasonably 
quick  deliveries  from  stock 
or  stock  parts.     This  par- 
ticular part  of  the  problem 
is   one   that   has 
to  be  very  thor- 
oughly   c  o  nsid- 
ered  on  account 
of   the  immense 
number  of  com- 
b  i  n  a  t  i  ons    of 
types,  capacities, 
poles,  throws, 
methods     of 
operation, 
mountings    and 
auxiliary    fea- 
tures now  called 
for  by  the  pres- 
ent state  of  elec- 
trical   a  p  p  lica- 
tions.     This  is 
wholly    d  i  stinct 


from  that  portion  of  the  problem  of  design  which  in- 
volves obtaining  given  functions  in  the  apparatus,  such 
as  current-carrying  capacity,  ability  to  operate  at  given 
voltages  and  meet  certain  current-breaking  require- 
ments. 

In  order  to  illustrate  this  problem,  a  line  of  oil  cir- 
cuit  breaker    and    switching   apparatus    (\\'estinghouse 


FIG.    I — 4500    VOLT,    200   AM- 
PERE, THREE-PHASE  Cm- 
CUIT  BREAKER 

Panel    mounting ;    direct 
hand  control ;  tank  low- 
ered for  inspection. 


FIG.  2 — 13200  VOLT,  300  AMPERE,  SINGLE- 
POLE  CIRCUIT  BREAKER 

Hand-operated  non-automatic  panel 
mounting  type  with  insulating  tubes 
over  the  terminals. 


FIG.   3  FIG.   4 

F'g-  3—4500  volt,  600  ampere,  four-pole  electrically-operated  cir- 
uit  breaker  for  wall  or  pipe  mounting.     Contacts  open ;  tank  open. 

Fig.  4 — 4500  volt,  600  ampere,  single-pole  electrically-operated  cir- 
uit  breaker  for  wall  or  pipe  mounting. 

Type  F)  has  been  se- 
lected, which,  although 
it  covers  a  relatively  lim- 
ited range  of  capacities 
and  applications  when 
considered  in  relation  to 
the  entire  line  of  such 
apparatus,  includes  ap- 
pro x  i  m  ately  170000 
combinations  commonly 
called  for  by  the  differ- 
e  n  t  requirements  o  f 
present  -  day  switching 
and  switchboard  prac- 
tice. This  line  is  made 
up  in  one,  two,  three  and 
four-pole  forms,  p  r  o  - 
vided    with    automatic 

overload    trip    from      '■■"^-  5" '-5  ^oo  volt,  500  ampere, 

.  :  TWO-POLE  electricallv-oper- 

either  direct  series  coils  ated  circuit  breaker 

or    coils    in    the    second-  For    wall    or    pipe    mounting; 

„_•„„    ^c  ,.    ^  showing    the    removable    handle 

aries    of    current    trans-       j^^  emergency  use. 
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formers,  with  or  without  direct-acting  inverse  time 
elenient  devices  and  with  various  numbers  of  overload 
trip  coils  tor  different  degrees  of  protection  on  multi- 
polar circuit  breakers.  It  is  also  made  to  trip  automat- 
ically from  various  other  abnormal  conditions,  such  as 
underload,  undervoltage,  overvoltage,  shunt  trip  and  re- 
verse current.  It  is  etiuipped  with  various  auxiliary  de- 
vices, such  as  bell  alarm  contacts   for  indicatins'  auto- 


on  the  circuit  breaker  unit  or  mounted  above,  below  or 
behind  the  circuit  breaker  proper,  with  both  the  mech- 
anism and  the  circuit  breaker  arranged  for  either  pipe 
or  wall  mounting.  The  line  is  also  made  single  and 
double  throw  in  all  the  forms  of  mounting,  poles  and 
methods  of  operation,  and  has  other  forms  distinctive 
from  those  already  mentioned  and  s])ccially  adajited  for 


F^ 


KICS.    6   AND   7 — 4500   VOI.T.   80U    AMl-KKK.    THRKK-POI.K    IIAXD- 
orERATKIJ  CIRCUIT  BREAKER 

For  switchboard  or  wall  mounting.     With  and  without  tank. 

matic  O]jcration,  signal  contacts  for  lighting  lamps  which 
indicate  at  a  remote  point  the  ]iosition  of  the  circuit 
breaker  contacts,  and  with  mechanic;il  or  electrical  inter- 
locks in  conjunction  with  other  circuit  breaker  units.  It 
can  be  arranged  for  either  automatic  or  non-automatic, 
hand  or  electrical  operation,  with  the  hand  operation 
arranged  for  cither  direct  switchboard  mounting,  panel 
frame  mounting,  direct  pipe  mounting,  or  inechanical 
remote  control  ])ipe  or  wall  mounting  with  the  circuit 


P 


I-K'..  8 — IIA.N'U-OPERATED,  REMOTE-COXTROI.    MECHANISM 

(/ — Horizontal  pull,  wall  or  pipe  mounting. 

b — Downward  pull,  pipe  or  wall  mounting ;  bell  cranks 
above  or  below  floor.  A  .spring  is  used  to  assist  in  overcoming 
the  inertia  of  a  long  pipe. 

c — Upward  pull,  wall  or  pipe  mounting. 

outdoor  work  (weather-proof  form),  for  subway  or 
locations  where  the  liability  of  submersion  is  possible 
(water-proof  form),  and  those  specially  arranged  for 
dusty  industrial  applications  in  a  self-contained  form, 
including  all  automatic   features  and  live  parts  within 


'r.-\BLE  I— TYPE  V  CIRCUIT  BRE.\KER  rH.\R.\CTERISTI(S 


I 

K.v.a. 

S.     a 

^ 

% 

Volts 

t 

Breaking 

tit   !_■- 

C  0^ 

— 

s 

Operation 

Control 

Type 

< 

Canacitv 
3  Ph.  ■ 

f'. 

^ 

fs 

25 

[Panel  mounting 

2  000 

Non- Automatic. 

Direct    \  Pipe  mounting 

SO 

3000 

I 

Series  Trip — i.  2  or  3  coils. 
Overload    Current  Trans.  Trip — i,  2.  3  or  4 

t  Panel  pipe  mounting 

750 

100 

^ 

Q 

[Switchboard 

ISO 

4000 

'c 

coils. 

'Z, 

Horizontal 

Panel        I  mounting 

D 

I 

Underload — i.  2  or  3  coils. 

Remote              pull 

With bellf  Above  floor 
cranks      \  Below  floor 

Operated  [Pipe  mountmg 

200 

5  000 

u 

Reverse  Current — 2  or  3  coils. 

2: 

1  Upward 

[Wall  mounting 

2S00 

300 

6  000 

1 

0 

Over-voltage      f  Alternating.  25  or  60  cycles. 
Under-voltage  \iio.  220,  440  or  550  volts. 

Pipe  or  wall]      pull 

400 

•7. 

H 

mounting       Downward 

Without  bell  cranks 

8000 

< 

Shunt  Trip — Above  alternating  voltages;  also 

puli          1  I 

Weather    P?^e  mounting 

SCO 

^, 

direct  current  at  125,  250  or  600  volts 

" 

ilrSf        {WaU  mountmg 
^^^^         I  Pipe  mounting 

4S0O 

600 

10  000 

0 

800 

12  000 

Mechanism  on 

}, 

< 

Any  or  all  of  above  with  or  without: — 
Bell  alarm  contacts, 

< 

circuit  breaker 
Mechanism  above 

Alternating  current  25  or  60 
cycles,  no,  220.  440  or  SSO 

Water  proof— Wall 

l4(.K)a 

7S0O 

2 

Signal  lamp  contacts. 

y 

circuit  breaker 

volts. 

mounting 

1600 

lb  000 

Inverse  time  element  device. 

S 

[^' 

Mechanism  behind 

"&  *1 

Interlocks — mechanical  or  electrical. 

circuit  breaker  ! 

Direct  current,  125.  250  or 

2000 

19000 

-\ 

Double  throw  switches  may  be  full  automatic 

0 

Mechanism  below 

600  volts. 

Dust  I'Wall  mounting 
proof  \Pipe  mounting 

15000 

2400 

32  000 

11 

•  <T  non-automatic  or  one  side  may  be  non-auto- 

» 

circuit  breaker 

matic  and  the  other  automatic  with  any  of  above 

*j 

3000 

26  000 

combinations. 

td 

Trip  and  closing  coils  may  be  of  entirely  different 
char.ictcristirs. 

breaker  mounted  above,  below  or  behind  the  handle, 
calling  for  different  arrangements  and  types  of  levers, 
bell  cranks,  etc. :  with  electrical  operation  arranged  for 
plain  or  full  automatic  operation  at  several  different 
standard  voltages,  both  direct  and  alternating  current, 
and   with  the  electromagnet   mechanism   self-contained 


the  case  (enclosed  wall  mounting).  In  addition,  the 
above  enumerated  qualifications  are  called  for  in  con- 
junction with  at  least  fifteen  different  maxinuim  ampere 
capacities  with  800  amperes  in  single  units  and  3000 
amperes  in  multiple  units  as  the  upper  liiuits  in  this 
instance,  five  dilTcrcnt   maximum  voltages  with    15  000 
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vohs  as  the  upper  limit,  and  at  least  thirteen  different 
maximum  "breaking  capacities"  with  a  maximum  of 
26  000  k.v.a.  The  more  common  combinations  required 
are  indicated  in  Table  I,  in  which  any  characteristic  or 


##  i  I 


FIG.    9 — STANDARD    SIZES    OF    TYPE   "F"    STATIONARY    COXTACT 
PILLAR   UNITS 

200  to  800  amperes;  4500  to  15000  volts, 
combination  of  characteristics  in  any  column  may   be 
combined  with  any  of  the  characteristics  in  the  other 
columns. 

From  the  limit  of  capacities  mentioned,  it  will  be 
seen  that  the  particular  line  discussed  does  not  any- 
where nearly  cover  the  requirements  of  the  present-day 
upper  limits  of  voltage,  current  or  circuit  breaking  ca- 
pacity, but,   notwithstanding  this   fact,   the   number   of 

possible  type  forms  and 
sizes  is  enormous  and 
presents  a  veiy  large 
problem  to  the  manufac- 
turer who  is  expected  to 
make  reasonably  quick 
shipment  on  any  one  of 
them.  The  designer  must 
keep  in  mind  the  prob- 
lems of  the  production 
department  and  arrange 
his  designs,  as  far  as 
possible,  to  use  common 
parts  and  interchange- 
a  b  1  e  auxiliary  devices 
and  features,  and  to  re- 
duce the  mmiber  of  ma- 
chining and  assembly 
operations  and  the  re- 
quired tools  and  other 
necessary  fixtures  to  the 
minimum.  All  of  this  in 
turn  reduces  the  cost  of  the  apparatus  to  the  purchaser, 
the  investment  for  production  and  stock  for  the  manufac- 
turer, and  the  labor  and  expense  of  the  final  operator  in 
maintaining  the  a])paratus  when  installed. 


10 — STANDARD     MOVING    CON- 
T.\CT    ELEMENTS 

200  to  800  amperes. 


The  details  of  the  various  features  outlined  above  and 
the  method  by  which  they  were  carried  out  in  the  given 
hne  may  be  more  easily  understood  by  reference  to  illus- 
tiations  of  some  of  the  standard  parts.  A  few  of  the 
complete  circuit  breaker  tmits  and  their  relations  to  one 
another  with  respect  to  size  and  capacity  are  shown  in 
Figs.  I  to  7,  inclusive.  These  illustrations  bring  out  the 
endeavor  to  secure  simplicity,  accessibility,  compactness 
and  ruggedness,  and  cover  a  wide  range  of  the  different 


Arcing  Plunger  Shan. 

Arcing  Plunger 
Guide 

Arcing  Plunger 
Spnng- 

Arcing  Tip 
Shunt 

Removable  Arcing 
Plunger  Tip 

Arc  Broken  here  ana 
not  on  Mam  Contact 

Removable  Moving 
Arc  Tip " 


,,  Clamping  Plate 

-Arcing  Shunt  Clip 

Contact  Pressure 
Spnng 

—Stop 

Cjppsr  iaminclions 


Suspension  Spring 

Contact  Finger 

Mam  Contact  Surlace 


Moving  Contact — 

FIG.   II — DETAILS  OF  CONTACT   MECHANISM 

Styles  required.  Typical  remote-control  arrangements 
are  shown  in  Fig.  8,  illustrating  the  standard  arrange- 
ments with  bell  cranks  above  and  below  the  floor  line, 
the  upward  pull  arrangement  and  the  horizontal  pull 
arrangement,  respectively. 

Going  further  into  the  details  of  construction  to 
show  the  interchangeabiltiy  of  parts,  Figs.  9  and  10 
show  that  a  large  number  of  the  individual  pieces  in  the 
standard  sizes  of  stationary  contact  insulating  pillar 
units  and  moving  contact  elements,  respectively,  are 
identical  in  units  of  dift'erent  ca[)acities.  For  example, 
there  are  but  two 
sizes  of  porcelain 
[lillars  for  the 
eight  cap  acities 
shown,  and  a  1  1 
h  a  V  e  the  same 
c  o  n  t  a  c  t    finger 


tip 


units,  arcing 
details,  etc.  To 
obtain  d  i  ft'erent 
c  a  p  a  c  ities,  t  he 
c  o  n  t  a  c  t  finger 
units  are  assem- 
l)led  in  multiple 
units,  which  in- 
clude the  support- 
ing and  pressure 
s])rings  and  con- 
ducting s  h  u  nts, 
with  sets  of  two 
and  three  contact 
fingers  for  capac- 
ities of  300  and 
300  amperes,  re- 
s  p  e  c  tively.  The 
600  ani])ere  unit 
is  made  u])  of  two 
double    sets    of 


B 


c 


^. 


U! 

TT 

I 
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FIG.    12    (n   .AND   b) — DETAILED    PARTS    OF 
STATIONARY    CONTACT    PILLAR    WITHOUT 
HARDWARE,  AND  DETAILS  OF    MAIN   CON- 
TACT  FINGER 
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double  finger  units,  and  the  800  ampere  unit  of  two 
double  sets  of  triple  finger  units.  The  "multiple  units" 
are  made  up  of  multiples  of  the  larger  contact  units. 
The  conducting  studs  and  terminal  details  for  receiving 
the  cable  at  the  top  of  the  terminal  stud  are  made  of 
pressed  copper  tube  and,  of  course,  are  different  for 
each  of  the  ampere  capacities.  To  further  illustrate  the 
details  at  the  point  where  the  actual  contact  occurs  and 


ym  m  P 


^r^ 


■f( 


SlliS 


FIG.   13 — TVPIC.M,   MAIN    SUPPORTINX  FR.\Mi;S 

the  function  performed  by  each  detail.  Fig.  11  shows  a 
view  of  a  single  unit  when  the  contacts  are  open.  As 
shown  in  Fig.  12,  the  stationary  contact  members  con- 
sist of  drop  forged  copper  contact  fingers  supported  on 
independent  thin  steel  supporting  or  alignment  springs, 
having  sejiarate  and  indc]jen(lent  heavy  flat  steel  load 
springs,  all  of  which  tend  to  make  the  contact  finger 
self-aligning  in  all  directions.  The  fingers  are  con- 
nected to  the  contact  stud  by  thin  copper  multiijle  shunts 
and  are  hi-ld  in  an  operative  ])osition  by  means  of  the 
"V"  shaped  steel  stop,  which  definitely  spaces  them  to 
insure  the  correct  entering  of  the  moving  contact  mem- 


FIG.   14 — LEVER   .MECHANISM   FOR   HAND-OPER.\TF.D  PANEL   MOUNTING 
MULTIPOLAR   AUTOMATIC    CIRCUIT    BREAKER 

o — Open,     h — Closed,     c — Handle  in  closed  position,  but  con- 
tacts Open  by  automatic  trip. 

ber.  and  also  provides  for  an  initial  contact  pressure 
which  ])revents  any  chattering  or  burning  of  the  con- 
tacts when  closed  under  considerable  load.  These  main 
contact  fingers  are  protected  by  the  plunger  type  arcing 
tip,  which  in  turn  is  connected  to  the  main  contact  stud 
by  a  substantial  braided  shunt.  Fig.  12  also  illustrates 
the  complete  set  of  details  for  a  500  ampere,  7500  volt 
pillar  unit,  and  similar  assembled  units  in  Fig.  9  illus- 
trate the  clamping  details  and  locating  ring  for  assem- 
bling the  unit  in  the  frame  of  a  circuit  breaker. 

An    adjustable   mounting   of    the   porcelain   contact 
pillar  unit  is  afforded  by  this  locating  ring  in  conjunc- 


tion with  the  beveled  surface  shown  on  the  pillar  mount- 
ing holes  in  the  frames  shown  in  Fig.  13.  This  figure 
shows  the  details  of  these  main  supporting  frames  for 
two  of  the  sizes  of  circuit  breakers  and  indicates  how 
quickly  the  terminal  contact  bushings  can  be  inserted  or 
removed,  and  automatically  lined  up  by  means  of  the 
bevel  of  the  frame  and  the  locating  ring  on  the  shoulder 
of  the  insulator.  These  frames  also  illustrate  the  reduc- 
tion in  cost  and  interchangealiility  when  it  is  understood 


FIG.    15 — TYPICAL  TANKS 

With   niicarta  and   wood  cell  linings;   with  and   without  drain 

fittings. 

that  all  (it  the  holes  or  slots  shown  therein,  excepting  the 
two  lever  fulcrum  holes,  are  formed  in  casting.  This 
construction  speaks  well  for  the  facilities  and  accuracy 
of  the  present-day  pattern  maker  and  foundry  man. 
Fig.  14  shows  the  lever  mechanism  which  is  mounted 
in  the  frames  in  Fig.  13,  and  is  illustrative  of  the  gen- 
eral form  of  mechanism  used  throughout  the  line  of 
hand-operated  breakers.  A  great  many  of  the  parts 
shown  are  common  to  all  of  the  hand-operated  forms, 
and  even  some  of  the  details  to  the  electrically-operated 


FIG.    16 — TYPICAL    CIRCUIT    BREAKER    WITH    FRAME    MOUNTIKG    AND 
ELECTRICALLY-OPERATED    MECHANISM 

Without  coils. 

forms.  The  particular  mechanism  shown  is  for  an  auto- 
matic, hand-operated  switchboard  mounting,  three-pole 
circuit  breaker,  with  the  handle  in  the  closed  position, 
open  position  and  when  the  mechanism  has  tripped  free 
of  the  closing  handle. 

Two  sizes  of  tanks  used  on  this  line  and  the  two 
forms  of  tank  cell  linings,  of  micarta  and  wood  respec- 
tively, are  shown  in  Fig.  15.  Fig.  16  illustrates  the  form 
of  electric  mechanism  unit  forming  part  of  the  complete 
circuit  breakers  shown  in  Figs.  3  and  4.  The  hand- 
operated  mechanism  shown  in  Fig.  14  is  identical  with 
that  shown  in  the  complete  unit  of  Fig.  i,  and  in  design 
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and  some  of  its  details  the  same  as  that  for  the  com- 
plete circuit  breaker  shown  in  Figs.  5,  6  and  7.  The 
various  auxiHary  features  mentioned  in  the  earlier  para- 
graphs are  all  designed  to  mount  directly  in  or  upon  the 
hand,  electric  or  mechanical  remote-control  mechanisms 
or  main  frame  in  almost  anv  desired  combination.     To 

illustrate,  the  automatic 
cover  plates  are  made  to  in- 
clude from  one  to  three  trip 
coils  and  are  adapted  to  cir- 
cuit breakers  of  any  num- 
])ers  of  poles,  switchboard 
mounting,  or  remote  con- 
trol, and  these  trip  coils 
may  be  overload,  overvolt- 
age  or  shunt  trip.  On  the 
rear  of  the  panel,  but  sus- 
pended    from    the    circuit 

FIG.     17  —  WE.'\THER-PROOF    CK-       1  1.  f  V, 

cuiT  BREAKER  FOR  COMBINED  DreaKcr  tram  e,  can  De 
HAND    .\ND    REMOTE    CONTROL     mouutcd   the   uudervoltagc 

ELECTRICAL    OPER-\TION  j       i         i    ._    •  -i 

or  underload  trip  coils  act- 
ing on  the  same  latching  mechanism  in  the  handle  as  the 
coils  above  mentioned,  which  are  in  the  cover  plate  on 
the  front  of  the  switchboard.  Inverse  time  element  de- 
vices and  bell  alarm  contacts  are  provided  for  and  are 
mounted  directly  on  the  cover  plate  details.  A  direct 
trip  retaining  magnet  for  use  in  connection  with  circuit 
closing  relays,  where  there  is  no  separate  source  of  trip- 
ping power  available,  can  also  be  mounted  on  the  cover 
plate  to  restrain  the  tripping  plunger  until  the  relay  has 
acted.  Signal  contact  switches  of  various  numbers  of 
poles  and  throws  are  provided  for  on  the  main  frame  or 
mechanism. 

All  of  the  styles  previously  illustrateil  have  l)een  of 
the  panel-o])erating  type.  Due  to  the  demand  for 
weather-proof  and  water-proof  switching  apparatus  for 

outdoor  sub-  sta- 
tions, circuit  break- 
ers have  also  been 
\^^^W  /''iSFiilP^^^I^^L.  developed  w  h  i  c  h 
^ttr  }  't    rl  DflHr^^B^        "^  ''  ^    suitable    for 

such  applications. 
-A.  typical  weather- 
proof circuit 
breaker  for  com- 
liined  hand  and 
electrical  operation 
is  shown  in  Figs. 
17  and  18.  These 
circuit  breakers  are 
all  equipped  with 
series  trip  coils  and 
time  element  dashpots  for  the  automatic  overload  fea- 
ture. These  trip  coils  and  dashpots  are  suspended  in 
the  oil,  as  shown  in  Fig.  19,  so  that  their  insulation 
and  mechanical  characteristics  are  properly  main- 
tained, regardless  of  dust  and  moisture  usually  present 
where  apparatus  of  this  class  is  installed.  A  circuit 
breaker  which  is   suitable   for  manholes   and   subwavs 


FIG.    18 — INTERIOR  VIEW  OF  CIRCUIT 
BRE.\KER   SHOWN  IN   FIG.   I7 


where  there  is  a  possibility  of  a  complete  submersion  is 
shown  in  Fig.  20.  Both  the  subway  and  weather-proof 
types  can  be  made  non-automatic  by  omitting  the  series 
trip  and  dashpot  features,  or  the  automatic  function  can 
be  obtained  from  appropriate  current  transformers  act- 
ing on  five  ampere  secondary  trip  coils  directly,  or 
through  relays  of 
any  desired  charac- 
teristics. 


The 
type  of 
breaker, 
Fia:.    21, 


o  u  t  d  oor 

circuit 

shown    in 

is    espe- 


FIG.    19 — WE.ATHER-PROOF    CIRCUIT    BRE.\KER 
WITH  TANK  REMOVED 

Showing  trip  coil  and  dashpot. 


cially  adapted  to 
control  the  output 
of  a  large  outdoor 
stepdown  trans- 
former  installation 
for  distribution  to 
a  small  t  o  w  n  or 
number  of  factory 
pl?nts.  It  is  practically  a  complex  switching  installa- 
tion in  itself,  as  it  is  fully  automatic  without  the 
addition  of  separate  transformers  or  relays,  and  its 
overload  or  time  element  adjustment  have  a  range 
to  meet  almost  any  reasonable  commercial  require- 
ment. 

In  the  subway  form  of  circuit  breaker,  the  handle 
shaft,  calibration  lever  shaft  for  the  time  element  device, 
the  joint  between  the  cover  and  the  frame  and  the  tank 
and  the  frame  are  all  packed 
to  withstand  complete  sub- 
mersion. The  lead-covered 
cables  are  sweated  to  bush- 
ings to  suit  the  size  of  cable, 
the  bushings  in  turn  being 
packed  where  they  are  fas- 
tened to  the  frame  casing. 
The  external  c  a  1  i  bration 
lever,  in  the  hand-operated 
form,  makes  it  readily  pos- 
sible to  alter  the  calibration 
from  the  outside.  On  the 
electrically  -  operated  forms 
the  calibration  adjustment  is 
on  the  electric  mechanism 
and  is  accessible  by  remov- 
ing the  top  cover.  The  elec- 
tric mechanism  includes  a 
double-throw  signal  switch 
for  indicating  the  position 
of  the  contacts  by  means  of 
indicator  lamps  at  the  oper- 
ating point.  The  weather- 
proof types  are  provided 
with  porcelain  outlet  bushings  for  all  wires.  External 
tripping  is  accomplished  in  both  the  weather-])roof  and 
water-proof  types  by  reversing  the  motion  of  the  closing 
handle. 


20 — MANHOLE    TYPE   CIR- 
CUIT BREAKER 


21 — OUTDOOR     TYPE 
CUIT    BREAKER 

For  pole  mounting. 


Some  Essentials  of  Success' 


p.  M. 

ENGIXl.l'.RIX'Ci  and  agriculture  are  the  two 
branches  of  education  which  have  ])articularly  to 
do  with  those  activities  of  man  which  lead  lo 
his  material  welfare.  Both  the  agriculturist  and  the 
engineer  are  constructive  forces.  Whatever  they  ac- 
complish adds  to  the  wealth  of  mankind.  In  this  re- 
spect these  professions  difl'er  from  others. 

It  is  a  comforting  thought  that  whatever  we  accom- 
plish is  of  a  constructive  nature,  in  sharp  distinction  to 
being  of  a  destructive  nature,  and  that  the  wealth  of  the 
nation  depends  almost  entirely  upon  the  efforts  of  such 
as  we.  When  the  farmer  ])roduces  more  wheat  or  corn 
or  cattle  to  the  acre  hy  reason  of  his  education,  he 
therel)y  increases  the  wealth  of  the  world.  When  the 
engineer  builds  a  bridge,  or  a  trolley  line,  or  develops  a 
paying  mine,  he  thereby  becomes  a  constructive  force 
and  his  efYorts  add  to  the  material  welfare  of  the  human 
race.  The  saiue  cannot  be  said  of  ail  other  professions. 
If  a  lawyer  wins  an  important  case  his  client  thereby 
obtains  an  advantage,  but  it  is  at  the  expense  of  some 
other  man's  loss.  The  world  at  large  has  not  profited  by 
his  brilliancy.  So  there  is  no  little  comfort  in  the 
thought  that  when  your  efforts  are  crowned  with  suc- 
cess, not  only  will  you  profit  thereby  yourselves,  but  you 
will  leave  the  world  the  richer  by  reason  of  your  suc- 
cessful efforts. 

There  is  a  sharj)  difference  between  education  before 
and  after  commencement.  Heretofore  your  steps  have 
been  guided  by  some  kindly  ])rofessor.  Your  future 
instructors  will  not  necessarily  be  kindly  disposed.  The 
problem  of  making  good  in  your  life's  work  is  a  much 
more  complex  one  than  that  of  making  good  as  a 
student:  you  will  have  no  one  to  tell  you  what  your 
grade  is,  or  whether  you  have  passed  or  not.  Rut  con- 
tinue your  education  you  must  if  you  would  succeed. 
The  company  with  which  I  have  been  identified  for  the 
past  thirteen  years,  the  Westinghouse  Electric  &  Mfg. 
Company,  has  long  recognized  this  need  of  further  edu- 
cation for  the  college  student,  and  for  those  engineering 
graduates  who  come  to  us  there  is  provided  a  well- 
ordered  course  of  further  instruction— particularly,  of 
course,  along  those  lines  where  such  further  instruction 
will  be  of  benefit  to  the  company — .so  that  those  of  you 
who  come  to  us,  or  to  .some  of  the  other  larger  compa- 
nies, will  still  be  guided  to  some  extent  in  what  might 
be  called  post-graduate  work.  However,  this  is  only  an 
incident:  the  main  thing  is  that  your  education  must 
continue.  When  a  man  arrives  at  the  point  where  he 
feels  that  his  education  is  completed  it  marks  the  turn- 
ing point  in  bis  career. 


♦From  an  address  to  the  graduatiiiR  class  of  the   \ericul- 
tural  and  Mechanical  ColleRc  of  Te.xas.  --^gricui 


Lincoln 

There  is  no  danger  that  you  will  ever  learn  too  much 
nor  that  the  world's  problems  will  all  be  solved  before 
you  get  a  chance  at  them.  Herbert  Spencer  says  in  his 
"First  Principles": — 

"One  otiier  consideration  should  not  be  overlooked — a 
consideration  which  students  of  science  more  especially 
need  to  have  pointed  out.  Occupied  as  such  are  with  estab- 
lished truths,  and  accustomed  to  regard  things  not  already 
known  as  things  to  be  hereafter  discovered,  they  are  liable 
to  forget  that  information,  however  extensive  it  may  be- 
come, can  never  satisfy  inquiry.  Positive  knowledge  does 
not.  and  never  can,  fill  the  whole  region  of  possible  thought. 
.At  tile  uttermost  reach  of  discovery  there  arises,  and  must 
ever  arise,  the  question: — What  lies  beyond  r  .As  it  is  im- 
possible to  think  of  a  limit  to  s])ace  so  as  to  exclude  the 
idea  of  space  lying  outside  that  limit ;  so  we  cannot  con- 
ceive of  any  explanation  profound  enough  to  exclude  the 
question: — What  is  the  explanation  of  that  explanation? 
Regarding  science  as  a  gradually  increasing  sphere,  we  may 
say  that  every  addition  to  its  surface  does  but  bring  it  into 
wider  contact  with  surrounding  nescience." 

You  may  have  no  fear,  therefore,  that  there  will  not 
be  ample  opjiortunity  to  exercise  all  the  talents  you 
possess. 

f  have  often  lieen  asked  in  what  respect  the  young 
college  gradu:ite  was  most  deficient,  and  I  have  often 
put  the  same  question  to  others.  The  answer  that  I  have 
given  most  frequently,  as  well  as  received,  is  that  the 
average  graduate's  most  ajiparent  deficiency  is  his  in- 
ability to  express  himself  clearly.  Most  studetits  are 
never  sufficiently  ini])ressed  with  the  necessity  of  clear, 
concise  and  cogent  e.xj)ression.  .\  mometit's  reflection 
must  make  this  necessity  clear  to  anyone.  Did  it  ever 
occur  to  you  that,  even  if  you  possessed  the  most  valu- 
able idea  in  the  world,  it  would  be  absolutely  useless  so 
long  as  it  remained  only  with  you?  To  be  of  value  that 
idea  must  be  passed  on  to  others,  and  to  that  end  the 
power  of  expression  is  essential.  One  must,  of  course, 
have  ideas  to  express,  but  even  with  the  most  profound 
ideas  one  must  also  possess  the  power  of  expression  or 
his  ideas  are  useless.  Cultivate,  therefore,  your  powers 
of  expression.  Clearness,  conciseness  and  cogency  of 
expression  by  spoken  or  written  language  is  an  absolute 
sine  qua  iioii  of  success,  and  if  one  can  use  both  methods 
success  is  all  the  more  assured. 

Now,  if  you  will  permit  me.  I  will  give  you  a  small 
piece  of  advice  that  is  more  or  less  personal.  Always 
live  within  your  means.  Extravagance  is  not  a  modern 
\  ice.  but  it  does  seem  that  modern  living  conditions  tend 
towards  its  promotion.  If  you  receive  a  small  salary, 
live  down  to  it.  If  you  have  a  large  one,  it  is  not  neces- 
sary to  live  U])  to  it.  If  you  cannot  afford  an  automobile 
or  a  motor  boat  do  not  get  one.  Start  a  savings  account 
atid  put  some  money  aside  each  year.  It  was  a  wise 
lihilosophy  that  Charles  Dickens  put  into  the  mouth  of 
Mr.  Micawber  in  "David  Copperfield."  Mr.  Micawber, 
\  ou  will  remember,  was  sometimes  able  to  keep  just  out 
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of  reach  of  the  debtor's  baihfi',  and  sometimes  he  was 
not  so  fortunate,  but  he  was  long  on  advice.  Let  me 
quote : — 

"He  (Micawber)  solemnly  conjured  me,  I  remember,  to 
take  warning  b\"  his  fate  and  to  observe  that  if  a  man  had 
20  pounds  a  year  for  his  income  and  spent  19  pounds,  19 
shillings  and  6  pence,  he  would  be  happy ;  but  if  he  spent 
20  pounds,  I,  he  would  be  miserable." 

This  advice,  by  the  way,  was  given  by  Mr.  Micawber 
while  he  was  occupying  a  debtor's  cell  in  the  jail.  The 
narrative  goes  on  : — 

"After  wliicli,  lie  borrowed  a  shilling  of  mc  for  porter, 
gave  me  a  written  order  on  Airs.  Micawber  for  the  amount, 
put  away  his  pocket  handkerchief,  and  cheered  up." 

1  would  have  you  note  especially  that  Mr.  Micawber 
cheered  up.  That  is  the  thing  that  makes  the  character 
of  Mr.  Micawber  so  likable ;  and  that  brings  me  to 
another  item  of  advice  that  I  would  ofter.  Cultivate 
your  sense  of  humor.  It  was  Charles  Lamb  who  said 
that  a  laugh  was  worth  lOO  groans  in  any  market,  and 
he  was  right.  Be  an  optimist.  I  can  assure  you  that, 
other  things  being  equal,  the  optimist  will  get  the  pref- 
erence over  the  pessimist  every  time.  I  do  not  agree 
with  Tom  Corwin  when  he  said,  "Young  man,  if  you 
desire  a  reputation  for  wisdom,  never  joke  ;  be  as  solemn 
as  an  ass."  I  do  not  mean  that  we  shotild  treat  serious 
things  lightl}-,  but  the  ability  to  laugh  and  to  see  the 
humorous  side  of  a  situation  will  be  of  great  assistance 
to  you  as  you  go  on  through  life. 

I  remember  making  some  similar  remarks  in  the 
presence  of  Professor  Karapetoff  of  Cornell  University. 
He  quite  agreed  with  me,  saying  that  the  sense  of  humor 
was  an  excellent  thing  to  have,  even  in  the  case  of  the 
college  professor,  else  how  could  one  a])preciate  some 
of  the  answers  received  to  examination  questions.  He 
went  on  to  mention  a  certain  examination  in  physics, 
where  the  question  was  put: — "Define  the  law  of  reflec- 
tion." One  of  the  answers  to  this  question  was  : — "The 
sins  of  the  angels  are  constant."  I  have  often  won- 
dered l)y  just  what  psychological  process  that  student 
was  moved  to  put  down  that  particular  answer — a 
wierd,  meaningless  combination,  coupled  with  mistakes 
in  orthograjihy.  The  answer,  by  the  way,  is  presumably 
a  perfectly  correct  statement,  but  it  so  happens  that  it  is 
the  answer  to  a  problem  in  theology  instead  of  one  in 
physics. 

And  this  brings  me  naturally  to  another  bit  of  ad- 
vice : — Be  clear  in  your  thinking,  and  it  follows  that  you 
will  be  clear  in  the  statements  of  your  thoughts.  The 
student  who  gave  the  above  answer  was  not  clear  in  his 
process  of  thinking,  and,  of  course,  was  not  clear  in 
what  he  put  down  as  his  answ^er.  Cultivate  your  power 
cf  analysis.  Analysis  is  simply  the  process  of  cutting  up 
a  problem  into  pieces  so  small  so  that  each  piece  presents 
no  particular  difficulty.  A  man  cannot  consume  the 
carcass  of  a  whole  bullock  at  one  sitting,  but  if  he 
divides  it  and  prepares  it  properly  in  the  shape  of  steaks, 
and  roasts,  and  soups,  etc.,  and  takes  his  time,  he  can  not 
only  assimilate  and  digest  the  whole,  but  he  will  enjoy 
the  process  of  assimilation,  and  increase  his  strength 


thereby.  So  with  the  problems  you  will  meet  in  life. 
Many — yes,  most  of  them — are  too  complex  to  admit  of 
solution  without  analysis,  without  dividing  them  into 
jiieces,  so  to  speak,  sufficiently  small  so  that  your  mind 
can  not  only  assimilate  them,  but  grow  more  powerful 
in  the  process  of  assimilation.  The  power  of  analysis 
is  an  essential,  and  it  is  particularly  essential  to  those 
who  would  undertake  the  solution  of  complex  problems. 
You  who  have  chosen  engineering  as  your  profes- 
sion owe  something  to  that  profession.  In  my  opinion, 
there  is  no  better  way  of  paying  your  debt  to  your  pro- 
fession than  by  joining  and  taking  an  active  interest  in 
one  or  more  technical  societies.  There  are  some  things 
that  engineers  in  the  aggregate  can  accomplish  that  the 
engineer  individually  cannot  accomplish.  The  technical 
society  is  the  natural  vehicle  for  the  discussion  and  the 
advancement  of  those  interests  of  the  engineer  which 
are  common  to  all.  Let  me  quote  from  the  constitution 
of  the  American  Institute  of  Electrical  Engineers: — 

"Its  objects  shall  be  the  advancement  of  the  theory  and 
practice  of  electrical  engineering  and  of  the  allied  arts  and 
sciences,  and  the  maintenance  of  a  high  professional  stand- 
ing among  its  members." 

These  objects  are  surely  ones  in  which  all  electrical 
engineers  may  join  with  benefit,  not  only  to  themselves, 
but  also  to  the  profession  as  a  whole.  If  you  would  fol- 
low my  advice,  therefore,  you  will  join  at  least  one  tech- 
nical society,  preferably  the  national  society  which  rep- 
resents your  own  chosen  profession,  and  take  as  active  a 
part  therein  as  you  are  able. 

No  address  of  this  character  would  be  complete 
without  making  some  reference  to  the  matter  of  com- 
pensation. When  I  use  the  term  "compensation,"  I  do 
not  mean  simply  the  monetary  return  that  the  engineer 
leceives  for  his  services.  If  any  of  you  gentlemen  are 
going  into  engineering  work  simply  for  the  money  you 
expect  to  get  otit  of  it,  my  advice  would  be  to  change 
your  profession  at  once.  The  money  one  gets  for  his 
services  is  only  part  of  his  compensation.  The  dollar  is 
not  the  yard-stick  of  success.  I  will  not  attempt  to  tell 
you  just  what  does  constitute  sticcess,  but  I  can  assure 
}"ou  that  true  success  is  not  measured  in  money. 

A  well-known  man,  w'ell  up  toward  the  top  of  his 
profession,  once  told  me  that  there  were  three  distinct 
periods  in  the  relation  of  the  successful  man  to  his  sal- 
ary. During  the  first  period  his  salary  exceeds  the  value 
of  his  services.  He  is  new  on  the  job,  he  requires  the 
time  of  a  valuable  man  for  his  education,  and  he  is  apt 
to  si)oil  more  work  than  he  accomplishes.  This  is  a 
period  through  which  we  all  must  pass.  Happily,  how- 
ever, this  period  is  usually  a  short  one,  and  soon  the 
value  of  the  services  rendered  equals,  and  then  exceeds, 
the  salary  received,  an<l  the  second  period  begins.  This 
period  is  what  might  be  called  the  normal  period  of  the 
engineer's  life.  He  finds  himself.  The  value  of  his 
services  increases  rapidly.  His  salary  follow^s.  but  does 
not  overtake,  the  value  rendered ;  there  is  a  lag.  It  has 
been  said  again  and  again  that  a  man  must  earn  more 
than  he  gets  before  he  gets  as  much  as  he  earns.  This 
always  has  been  true,  and  must  alwavs  remain  true.    In 
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it  lies  the  foundation  of  the  wealth  of  all  those  indus- 
tries that  are  founded  on  engineering.  This  normal 
period — that  is,  the  period  wherein  the  value  of  the 
services  rendered  exceeds  the  monetary  return  therefor 
—usually  lasts  to  the  end.  However,  there  are  a  few 
who  advance  into  a  third  period.  Advancing  years 
cause  the  engineer  to  lose  a  part  of  his  power  of  attack 
and,  at  the  same  time,  the  law  of  inertia,  or  perhaps  the 
acquisition  of  business  interests  of  his  own,  causes  a 
continual  increase  in  the  monetary  return,  and  so  the 
time  comes  to  some  of  the  more  fortunate  when  the  re- 
turn exceeds  the  value  of  the  services  rendered.  I  said 
'"more  fortunate;"  there  is  a  question  in  my  mind 
whether  I  should  not  substitute  "less  fortunate."  The 
question  of  the  choice  between  these  two  terms  hinges 
on  the  question  as  to  what  constitutes  success.  Those 
who  are  willing  to  acknowledge  that  money  is  the  only 
measure  of  success  may  use  the  term  "more  fortunate ;" 
those  who  prefer  to  consider  that  only  a  part  of  success 
is  measured  in  money  and  that  a  truer  measure  lies  in 
the  sense  of  accomplishment,  the  sense  of  achievement, 
the  sense  of  duty  well  done,  will  hesitate. 

In  closing,  let  me  impress  upon  you  the  necessity  of 
broadening  your  knowledge.  The  ideal  education  is  that 
which  will  teach  you  "something  about  everything  and 
everything  about  something."  During  the  past  four 
years  you  have  been  devoting  your  close  attention  to 
learning  "everything  about  something."  Don't  forget, 
as  you  go  on  through  life,  that  to  attain  complete  success 
it  is  also  necessary  to  know  "something  about  every- 
thing." Broaden  your  education.  Don't  devote  all  your 
time  and  energy  to  your  own  specialty.  Seek  contact 
with  some  of  the  great  minds  of  the  past  by  reading  the 
classics.     It  is  an  inspiration  thus  to  think   the  same 


thoughts  with  the  master  minds  of  the  past.  To  my 
mind,  Shakespere  was  one  of  the  greatest  men  of  his- 
tory. His  understanding  of  the  human  character  and  of 
the  workings  of  the  human  mind  were  marvelous.  An- 
other man  of  inspiration  of  more  recent  times  is  Kipling, 
and  I  think  I  cannot  do  better  in  closing  than  to  quote 
one  of  Kipling's  poems.  "If"  is  the  title  that  Kip- 
ling has  given  this  production,  and  by  inference  it  tells 
you  those  things  which  are  necessary  to  complete  suc- 
cess : — 

"If  you  can  keep  ymir  luad  when  all  about  you 

.Arc  losing  theirs  and  blaminp;  it  on  you; 
If  3'ou  can  trust  yourself  when  all  men  doubt  you, 

But  make  allowance  for  their  doubting,  too ; 
If  you  can  wait  and  not  be  tired  by  waiting, 

Or  being  lied  about  don't  deal  in  lies ; 
Or  being  hated  don't  give  way  to  hating, 

.And  yet  don't  look  too  good,  nor  talk  too  wise ; 

If  you  can  dream  and  not  make  dreams  your  master; 
If  you  can  think — and  not  make  thoughts  your  aim. 

I  f  you  can  meet  with  Triumph  and  Disaster 

.Aiul  treat  these  two  impostors  just  the  same; 

I I  you  can  bear  to  hear  tlie  truth  you've  spoken 

Twisted  by  knaves  to  make  a  trap  for  fools, 
Or  watch  the  things  you  gave  your  life  to,  broken, 
.And  stoop  and  build  'em  up  with  worn-out  tools ; 

If  you  can  make  one  heap  of  all  your  winnings 

-And  risk  it  on  one  turn  of  pitch  and  toss, 
.And  lose,  and  start  again  at  your  beginnings, 

.And  never  breathe  a  word  about  your  loss ; 
1  f  you  can  force  your  heart  and  nerve  and  sinew 

To  serve  your  turn  long  after  they  are  gone, 
.And  so  hold  on  when  there  is  nothing  in  you 

Except  the  Will  wdiich  says  to  them :     'Hold  on !' 

If  you  can  talk  with  crowds  and  keep  your  virtue 

Or  walk  with  Kings — nor  lose  the  common  touch  ; 
If  neitlicr  foes  nor  loving  friends  can  hurt  you. 

If  all  men  count  with  you,  but  none  too  much; 
If  you  can  fill  the  unforgiving  minute 

With  si.xty  seconds'  worth  of  distance  run — 
Yours  is  the  eartli  and  everything  that's  in  it. 

.And — which  is  more — you'll  be  a  Man,  niv  son  !" 
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IT  IS  well  known  that  when  a  polyphase  induction 
motor  is  operated  with  only  one  secondary  circuit 
closed — that  is,  with  a  single-phase  group-wound 
secondary,  it  will  develop  at  full  speed  a  maximum 
torque  much  less  than  with  polyphase  secondary,  and 
then  with  increasing  load  will  drop  to  approximately 
half  speed,  where  it  will  develop  comparativelv  high 
ma.ximum  torque.  However,  a  simple  non-mathematical 
explanation  of  the  causes  of  this  action  has  not  yet  been 
put  forward,  to  the  writer's  knowledge.  Such  an  expla- 
nation is  possible,  and  the  following  is  one  which  shouKl 


be  grasped  without  difticulty  by  those  who  are  familiar 
only  with  the  general  characteristic  curves  and  actions 
of  induction  motors. 

To  begin  with,  consider  the  relations  between  the 
rotation  of  the  magnetic  field  and  the  mechanical  rota- 
tion of  the  rotor  in  the  two  cases  of  rotated  and  sta- 
tionary primary  windings — that  is,  with  the  primary 
winding  (i)  on  the  rotor,  and  (2)  on  the  stater.  In 
the  case  of  the  primary  winding  on  the  rotor,  let  the 
direction  of  the  magnetic  field  rotation  be  in  the  left- 
hand  direction  (counter-clockwise),  as  indicated  in  Fig. 
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I.  This  rotating  field  tends  to  pull  the  stator  around  in 
the  same  direction  (left  hand).  As  the  stator  core  and 
winding  cannot  rotate,  the  rotor,  due  to  the  torque  be- 
tween the  rotor  and  stator,  turns  in  the  opposite  direc- 
tion (right  hand).  When  starting  from  rest,  the  stator 
or  secondary  has  the  same  frequency  as  the  primary ; 
then  as  the  rotor  speeds  up  in  the  right-hand  direction, 
the  magnetic  field  set  up  by  the  primary  winding  rotates 
in  the  left-hand  direction,  and  therefore  its  speed  rela- 
tive to  the  stator  becomes  less  and  less  until  synchronism 
is  reached.  Thus  the  secondary  or  stator  frequency 
generated  by  the  rotating  primary  field  decreases  until 
synchronism  is  reached,  which  is  the  normal  action  of 
the  polyphase  rotor. 

Considering  next  a  stationary  primary  winding  and 
a  rotating  secondary,  and  assuming  right-hand  rotation 
of  the  magnetic  field,  as  shown  in  Fig.  2,  it  is  obvious 
that  the  secondary  winding  and  core  will  be  pulled 
around  in  the  same  direction — that  is,  the  rotor  will  turn 
in  the  right-hand  direction.  Thus,  left-hand  rotation  of 
a  primary  magnetic  field  on  the  rotor,  and  right-hand 
rotation  of  a  primary  magnetic  field  on  the  stator,  both 
tend  to  give  right-hand  rotation  of  the  rotor.  These 
two  conditions  are  explained  rather  fullv  as  thev  enter 
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into  the  following  explanation  of  the  action  of  the 
induction  motor  with  single-phase  secondary. 

The  next  consideration  is  the  resolution  of  a  single- 
phase  field  in  an  induction  motor  into  two  components 
rotating  in  opposite  directions  at  the  same  speed,  each 
of  half  the  maximum  value  of  the  single-phase  field. 
Such  component  rotating  fields,  it  may  be  asserted,  do 
not  actually  exist,  but,  nevertheless,  the  resultant  of  two 
such  fields  of  proper  value  and  rotation  will  actually  be 
a  single-phase  field  corresponding  to  that  set  up  by  a 
single-phase  winding  on  the  motor.  This  assumption 
of  two  oppositely  rotating  fields  as  the  equivalent  of  a 
single-phase  field  is  a  great  aid  in  explaining  the  speed 
characteristics  of  the  polyphase  motor  with  single-phase 
secondary. 

Assume  next  that  the  induction  motor  with  single- 
phase  secondary  has  its  primary  winding  on  the  rotor 
and  its  secondary  on  the  stator.*  Consider  first  the 
standstill  condition.  The  primary  field  is  assumed  to  be 
rotating  in  the  left-hand  direction,  as  in  Fig.  i.  This 
field,    cutting   the    secondary    winding   at    synchronous 


*This  particular  arrangement  is  chosen,  as  it  appears  to 
the  writer  to  allow  a  somewhat  clearer  conception  to  be  obtained 
of  what  takes  place  in  the  motor. 


speed,  generates  e.m.f.  and  current  in  the  secondary,  of 
a  frequency  equal  to  the  primary,  but  single-phase,  due 
to  there  being  but  one  closed  circuit.  This  secoitdary 
current  may  be  considered  as  setting  up  a  single-phase 
field  which  is  actually  fixed  in  space,  but  which  may  be 
replaced  by  two  oppositely  rotating  fields,  each  of  half 
value,  traveling  around  the  core  at  a  speed  synchronous 
ivith  the  frequency  of  the  secondary  current  generated. 
One  of  these  rotating  fields  travels  in  the  same  direction 
and  at  the  same  speed  as  the  primary  field  set  up  by  the 
rotor  windings.  It  thus  corresponds  to  the  rotating 
magnetic  field  set  up  by  the  usual  polyphase  secondary 
winding.  The  action  between  this  rotating  secondary 
field  and  the  primary  is  that  of  a  polyphase  motor,  and 
torque  is  developed  at  all  speeds  from  standstill  up  to 
synchronous  speed,  as  in  the  usual  polyphase  motor,  as 
shown  in  Fig.  3.  The  rotor  under  the  action  of  this 
torque  tends  to  rotate  in  the  right-hand  direction. 

Considering  next  the  other  component  rotating  field 
set  up  in  the  stator  by  the  single-phase  secondary  cur- 
rent in  the  rotor,  this  rotates  in  the  right-hand  direction, 
or  opposite  to  the  primary  rotating  field.  This  second- 
ary component  field  traveling  around  the  stator  may  be 
considered  as  the  primary  field  of  an  induction  motor. 
For  a  secondary,  it  makes  use  of  the  windings  on  the 
rotor  core,  such  secondary  circuits  being  closed  back 
through  the  primary  transformers,  supply  system,  etc. 
This  may  not  be  a  very  good  secondary  closed  circuit, 
but  it  is  all  that  is  available  and  the  motor  does  the  best 
i:  can  under  the  circumstances. 

Let  us  now  consider  what  torque  conditions  obtain 
with  this  right-hand  rotating  primary  field  with  its  freak 
secondary  circuit.  Taking  standstill  conditions  first,  it 
is  obvious  that  as  the  primary  field  is  on  the  stator  and 
rotates  right-handedly,  the  turning  effort,  or  torque,  will 
tend  to  run  the  rotor  in  the  right-hand  direction.  There- 
fore, at  start,  the  torque  is  in  the  sattie  direction  as  in 
the  case  of  the  left-hand  component.  The  two  torques 
therefore  add  at  start. 

Considering  next  slow  rotation  of  the  rotor,  as  the 
primary  winding  on  the  rotor  moves  slowly  in  the  right- 
hand  direction  the  left-hand  rotation  of  its  flux  de- 
creases in  speed  with  respect  to  the  secondary  winding, 
so  that  the  secondary  or  stator  frequency  is  correspond- 
ingly reduced.  Therefore,  the  two  oppositely  rotating 
secondary  component  fields  rotate  more  slowly.  The 
left-hand  one  rotates  at  the  same  speed  in  space  as  the 
fundamental  primary  field,  as  described  before.  The 
right-hand  component  travels  in  the  opposite  direction, 
while  its  secondary  circuit,  namely,  the  primary  coils  on 
the  rotor  are  rotating  in  the  same  direction  (right 
hand),  but  at  a  somewhat  lower  speed.  The  torque 
exerted  by  this  right-hand  component  is  therefore  still 
in  the  right-hand  direction — that  is.  the  same  as  that 
of  the  other  component. 

However,  when  half  synchronous  speed  of  the  rotor 
is  reached  a  new  condition  enters.  .At  this  speed  the 
secondary  frequency  has  fallen  to  one-half  that  of  the 
primarj'  or  supply  circuit.    The  left-hand  component  of 
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the  secondary  field  is  now  traveling  in  the  left-hand 
direction  at  half  the  speed  it  had  when  the  rotor  was 
stationary,  but  the  primary  field  is  also  traveling  left- 
handedly  at  the  same  speed  in  space,  so  that  the  two 
fields  are  still  in  synchronism. 

Considering  next  the  right-hand  component,  this  is 
traveling  at  half  speed  in  the  right-hand  direction,  while 
the  rotor  is  traveling  at  the  same  speed  in  the  same  direc- 
tion. Therefore,  the  secondary  circuit  for  this  right-hand 
field  (the  winding  on  the  rotor)  is  now  traveling  in  syn- 
chronism with  it,  and  therefore  no  secondary  current 
or  torque  can  be  generated.  This,  therefore,  corresponds 
to  full  speed  on  the  usual  induction  motor.  The  torque- 
speed  curve  up  to  half  speed,  therefore,  may  1)C  indicated 
by  the  lower  half  of  the  curve  shown  in  Fig.  4.  At 
higher  than  half  speed  the  stator  frecjuency  is  still  fur- 
ther reduced  and  the  right-hand  field  travels  at  a  still 
slower  speed,  wliilc  its  secondary  winding  on  the  rotor 


both  component  fields  the  resultant  speed-torque  curve 
may  be  plotted  as  in  Fig.  5.  It  will  be  seen  from 
this  resultant  curve  that  stable  torque  conditions  are 
found  at  about  half  speed.  Also,  the  starting  torque  is 
good.  Above  half  speed  the  torque  conditions  are  some- 
what indefinite,  depending  upon  individual  circuit  con- 
ditions, etc.  In  general,  the  rotor  will  continue  to  run 
at  full  speed,  if  first  brought  up  to  this  speed  by  means 
of  polyphase  secondary  operation,  and  will  pull  consid- 
erable load  without  dropping  to  the  lower  stable  speed. 
While  the  torque  at  start,  due  to  the  resultant  of  the 
two  torque  curves  shown  in  Fig.  5,  is  larger  than  that 
due  to  the  left-hand  component  alone,  yet  it  must  be 
l)orne  in  mind  that  this  latter  may  be  much  smaller  than 
the  starting  torque  of  the  motor  with  polyphase  second- 
ary. Therefore,  this  method  of  starting  with  one  sec- 
ondary circuit  only  is  not,  in  general,  an  improvement 
on  starting  with  a  poly]ihase  secondary.    To  illustrate  this 
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A  and  B.    D — Torque  of  same  motor  witli  polyphase  secondary. 
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core  is  now  traveling  faster  than  its  primary  field,  or  it 
is  running  above  synchronism.  It  therefore  develops  a 
negative  torque.  This  negative  torque  above  half  speed 
should  show  a  negative  characteristic  somewhat  similar 
to  the  positive  speed-torque  curve  below  half  speed. 
This  is  indicated  in  Fig.  4.  However,  there  is  this  dif- 
ference ;  as  the  rotor  speed  approaches  true  synchron- 
ism, the  frequency  of  the  stator  circuit  approaches  zero, 
until  at  full  speed  of  the  rotor  (synchronous  speed)  the 
secondary  frequency  becomes  zero.  Under  this  condi- 
tion the  stator  field  and  currents  fall  to  zero,  and  there 
is  no  torque  from  either  the  right  or  the  left-hand  com- 
ponent field.  Therefore,  as  this  zero  frequency  is  closely 
approached,  both  torque  curves  rapidly  approach  the 
zero  value.     By  combining  the  speed-torque  curves  for 


another  speed-torque  curve  should  be  added,  represent- 
ing, in  a  general  way,  the  conditions  with  the  same 
motor  if  a  symmetrical  polyphase  secondary  winding  is 
used.  This  is  shown  in  Fig.  6.*  In  general,  this  will 
show  better  starting  and  also  higher  maximum  or  pull- 
out  torque  than  with  single-phase  secoiidary. 

To  the  experienced  designer  it  will  be  obvious  that 
such  a  motor  is  but  one  form  of  internal  cascade,  and  a 
very  poor  one  at  that.  A  motor  under  such  conditions 
of  operation  carries  excessive  currents,  the  primary 
winding  carrying  both  primary  and  secondary  currents, 
these  being  of  different  frequencies,  except  at  standstill. 
The  power-factor  is  also  comparatively  poor. 


*The  curves  C  and  D  in   Fig.  6  have  been   plotted  partly 
from  actual  test  data. 


Constant  Voltage  Operation  of  A  High  Voltage 

Transmission  System* 


L.  A.  Herdt 
Consulting  Engineer.  Montreal 


and 


E.  G.  Burr 
Electrical   Engineer,   Montreal 


THE  IMMEDIATE  requirement  of  more  transmission  capacity  and  provision  of  sufficient  reserve  in  the 
transmission  system  of  a  large  hydroelectric  plant  developed  to  one-half  of  the  ultimate  development  (final 
development  looooo  horse-power)  was  complicated  by  the  consideration  of  developing  the  plant  in  such 
a  manner  that  the  proposed  extension  would  fit  in  with  the  scheme  of  final  development.  Adding  transmis. 
sion  lines  and  raising  the  voltage  was  considered  to  require  too  great  an  expenditure,  particularly  as  new 
lines  could  not  be  operated  at  full  capacity  for  years,  and  present  lines  would  in  time  have  to  be  recon- 
structed. Capital  expenditure  would  therefore  be  incurred  years  in  advance  of  the  earning  period  of  the 
plant  concerned.  The  following  article  shows  that  the  installation  of  synchronous  reactors  solved  the 
problem  of  increased  transmission  capacity  at  minimum  capital  cost  and  deferred  the  large  expenditure  on 
transmission  lines  until  the  earning  power  is  developed. 


THE  TRAXSAIISSION  line  of  the  City  of  Winni- 
peg, from  the  hydro-electric  power  plant  at  Point 
du  Bois  to  the  terminal  station  in  Winnipeg,  a  dis- 
tance of  about  "/"J  miles,  consists  of  two  three-phase  cir- 
cuits of  stranded  aluminum  cable  on  one  steel  tower  line, 
operated  at  a  nominal  receiver  voltage  of  55  000  volts. 
This  line  was  constructed  in  1909.  At  this  time  high- 
voltage  conductors  were  almost  without  exception  sup- 
ported on  pin-type  insulators.  The  voltage  ofthis  trans- 
mission line  was,  therefore,  limited  to  66  000  volts  at 
the  power  house.  At  this  voltage,  with  a  heavy  load 
per  line  at  the  usual  power-factors,  considerable  voltage 
change  is  necessary  at  the  power  house  or  terminal  sta- 
tion for  varying  load,  most  of  the  drop  being  due  to  the 
transformer  arid  line  reactances. t  The  resistance  of 
such  a  line  with  transformers  will  usually  be  rather  low. 
Any  method  of  operation  which  will  increase  the  power 
transmitted  without  impracticable  variation  of  power 
house  or  terminal  station  voltage  is  evidently  economical 
and  in  every  way  desirable. 

The  original  plans  for  the  hydro-electric  develop- 
ment contemplated  the  final  installation  of  fifteen  units 
(generators  and  waterwheels)  arranged  in  five  groups 
of  three  units  each,  with  a  spare  testing  flume  and  set- 
ting. Four  transmission  circuits  of  similar  capacity  per 
group  of  three  generators  were  planned  ;  the  fifth  gener- 
ator group  of  three  units  being  regarded  in  the  nature 
of  reserve.  The  original  installation  consisted  of  five 
generators  driven  by  waterwheels,  each  capable  of 
giving  a  maximum  generator  output  of  3750  kw  at  full- 
gate  opening,  normal  head :  that  is,  a  full  gate  opening 
output  of  18  750  kw. 

The  rating  of  each  transtiiission  circuit  was  1 1  250 
kw,  and  the  transmission  right-of-way  is  suitable  for 
carrying  four  such  circuits  on  two  steel  tower  lines. 
The  present  installation  consists  of  two  circuits  only,  on 
one  steel  tower  line. 


*From  a  paper  read  before  The  Canadian  Society  of  Civil 
Engineers,  1915. 

tin  the  above  cited  example  the  ratio  of  transformer  and 
line  reactance  to  the  equivalent  resistance  is  about  2.9  for  one 
line  with  one  transformer  bank  at  each  end. 


In  the  year  1913  the  growth  of  the  load  on  the  plant 
demanded  additions  to  the  generating  equipment.  At 
this  time,  in  view  of  improvements  in  the  design  of 
waterwheels,  it  was  decided  to  add  three  more  gener- 
ators, with  a  maximum  output  of  5100  kw  each.  These 
could  all  be  housed  in  the  original  building,  as  one  of 
the  original  units  had  been  installed  permanently  on  the 
testing  flume.  The  present  transmission  lines  are  not 
capable  of  carrying  load  in  excess  of  that  for  which 
they  were  originally  designed.  For  these  reasons  it  was 
necessary  to  increase  the  capacity  of  each  circuit. 

It  was  tentatively  decided  to  do  this  by  raising  the 
voltage  of  the  system  in  the  future  to  100  000  volts,  at 
which  voltage  four  circuits  would  be  sufficient  for  the 
ultimate  output  of  the  plant.  Immediate  requirements 
would  be  provided  for  by  the  construction  of  a  new  two- 
circuit  tower  line  suitable  for  100  000  volt  operation, 
but  to  be  operated  in  the  immediate  future  at  60000 
volts  in  multiple  with  the  present  line.  This  scheme  was 
found  feasible  and  sufficient  room  was  available  on  the 
right-of-way. 

An  alternative  to  increased  line  voltage  presented 
itself  in  the  scheme  of  controlling  line-voltage  drop  with 
unloaded  synchronous  motors,  maintaining  both  power 
house  and  terminal  station  voltages  constant,  with  a  con- 
stant voltage  difference.  In  view  of  the  small  power 
loss  of  the  present  lines  such  a  scheme  looked  attractive, 
as,  if  the  change  of  voltage  with  load  was  in  this  way 
eliminated,  the  amount  of  power  which  could  be  carried 
on  a  circuit  would  be  limited  only  by  consideration  of 
loss,  and  the  necessity  of  using  a  higher  line  voltage 
would  be  obviated.  Postponement  of  the  construction 
of  another  transmission  line  at  an  estimated  cost  of 
$750  000  was  advisable,  while  service  conditions  de- 
manded that  extra  line  capacity  should  be  available  at 
once. 

After  due  consideration,  two  6000  k.v.a.,  6600  volt, 
600  r.p.m.  synchronous  motors  were  ordered,  with 
three-phase  transformers,  with  starting  taps  for  connec- 
tion to  the  12000  volt  bus  at  the  terminal  station,  and 
with  automatic  regulator  equipment  and  exciters.     The 
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transformers  are  provided  with  taps  to  allow  change  of 
bus  voltage  without  changing  the  voltage  on  the  motors. 
These  sets  are  now  in  operation. 

PREDETERMINATION   OF  OPERATION 

In  Fig.  I  are  shown  curves  from  calculations  of 
line  regulation  and  loss  for  the  conditions  of  operation 
of  the  one  line  of  ultimate  development,  assuming  that 


mission  circuit.  The  maximum  peak  load  which  could 
be  handled  by  the  whole  plant  is  taken  at  90  percent  of 
the  ultimate  (18360  kw),  and  the  full  load  is  consid- 
ered to  be  80  percent  of  the  ultimate  (16320  kw). 

Assuming  86  percent   efificiency   in  transmission   at 
full  load,  including  350  kw  synchronous  motor  losses : — 

Terminal  station  load  per  line  ■:=  14  000  kw. 
Receiver  load  per  line  =  14350  kw. 


-. 

0 

i 

,- 

— - 

p 

H.*J 

olti  M20C 

a^ 

^ 

T. 

S.  V4IU  ^6300 

HM 

*~ 

-- 

,... 

•ill, 

7 

'^ 

■— 

■ 

D 

V-Vt  WWtlns 

> 

g-70 

/ 

-- 

r=^ 

^ 

/ 

"■ 

\ 

--- 

\ 

K 
Syn! 
iloto 

/    A 

FFofi 

cior 

E 

\ 

\ 

-1 

^^ 

>i 

^ 

/ 

1 , 

\ 

C^ 

< 

,^' 

''-i- 

J 

^ 

/ 

/■ 

\ 

<' 

\. 

y 

w. 

^ 

/ 

^.^ 

'■' 

•s 

\ 

\ 

// 

' 

•" 

°^ 

l 

/ 

^.^ 

^, 

\ 

\. 

/> 

'/ 

Full 

^^ 

^ 

>F 

^^ 

/ 

I 

d 

d 

\ 

^S 

' 

T( 

«usa 

[)d  KilowaittB^Rec 

1 

'f      1 

,        ^.     J.       J , 

— 1 

1^  H  Volu 

&w« 

* 

1    1 

i^' 

, , 

, 

, 

, 

T  S   Vo(is  SWOO    'jj 

1 

^-^ 

>K  V  A  W«uiasL«wl> 

\ 

V 

-^ 

-^J^/ 

s 

V 

^^. 

^ 

) 

r- 

3' 

\ 

k> 

S', 

/ 

^ 

/ 

1. 

\ 

"< 

f\ 

^ 

-^ 

/ 

i 

\ 

^ 

K 

4 

> , 

w 

'^'iJ        /     J      K.V  A  of    1         1 
^54^/       S^-ochtjwMjs  Motor    1 

■5 

y 

\ 

/ 

As 

i 

/ 

\ 

s 

/ 

\ 

/ 

s 

i^ 

/ 

\ 

/ 

L»X.»^iUd 

^ 

Thou 

.0      ]        .!       t        14 
undlKilowBMdalReceiMCT   " 

1 

■•    !     , 

FIG.    I — OPERATION   OF   ONE  TR.\NSMISSION   LINE 

Final  nltimate  development. 

all  the  power  generated  will  be  transmitted  to  the  City 
of  Winnipeg  over  four  circuits  similar  to  the  two  66  coo 
volt  circuits  at  present  carrying  power. 

The  power  house  switching  layout  can  be  conveni- 
ently modified  for  the  increase  of  line  -capacity,  and 
the  transformer  chambers  are  suitable  for  the  accom- 
modation of  larger  transformers  to  form  a  single  bank 
to  each  line.  Four  generators  of  5100  kw  ultimate  out- 
put would  form  the  generator  equipment  of  one  trans- 


FIG.    2 — CONSTANT-VOI.T.\GE    OPERATION    OF    ONE    TRANSMISSION 
CIRCUIT 

At  the  same  voltages  at  the  power  house  and  terminal  sta- 
tion as  shown  in  Fig.  i.  It  is  assumed  that  the  full  complement 
of  transformers  of  four  lines  are  in  service  in  this  case. 

At  peak  load  with  84.5  percent  efficiency : — 
Terminal  station  load  per  line  ^  15  500  kw. 
Receiver  load  per  line  ^  15850  kw. 

In  the  curves  in  Fig.  i  it  is  assumed  that  the  motor 
is  supplying  its  full  6000  k.v.a.  leading  when  the  receiver 
power  is  15  850  kw,  corresponding  to  a  load  on  the  ter- 
minal station  of  15  500  kw  per  line,  with  350  kw  motor 
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FIG.    4 — VOLTAGE    REGULATION    AND 
POWER-FACTOR   WITHOUT   SYN- 
CHRONOUS REACTOR 
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FIG.   3 — STATION    LOAD   CURVES 

These  curves  cover  very  closely  the  same  range  of  load  for 
the  two  conditions  of  operation  (Cases  I  and  II),  as  the  read- 
ings were  taken  for  similar  periods  of  operation  on  the  two 
days,  namely,  from  the  time  of  peak  load  until  the  time  of 
minimum  load.  This  was  done  to  insure  similar  character  of 
the  load,  particularly  in  the  matter  of  power-factor. 
A\  A: — Power  house  volts  Ci  C= — Load  power-factor 

Bi  Bj — Terminal  station  volts  Di  Di — Receiver  kilowatts 

£ — Synchronous  reactor  k.v.a. 


FIG.    5 — OBSERVED    TRANSMISSION    CHARACTERISTICS   OF    ONE   CIRCUIT 
WITH    REACTOR 

These  curves  show  the  effect  of  phase  control  exercised  on 
the  transmission  line  by  the  inherent  power-factor  characteristic 
of  the  terminal  station  load.  At  light  loads  the  power-factor 
of  tlic  load  is  lower  than  at  maximum  load  owing  to  the  char- 
acteristic of  the  mixed  lighting,  power  and  Street  lighting  ser- 
vice. The  full  line  curves  show  observed  values  of  power  house 
and  terminal  station  volts,  and  terminal  station  power-factor. 
The  dotted  curves  show  similar  calculated  results  for  an  as- 
sumed constant  power-factor  at  the  terminal  station  of  88  per- 
cent. 

A — Power  house  volts  D — Wattless  k.v.a.  of  load 

B — Terminal  station  volts  E — Synchronous  reactor  k.v.a. 

C — Load  power-factor  F — Wattless  k.v.a.  of  line 
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loss.  This  is  to  say  that  the  power  house  voltage  is 
adjusted  for  the  peak  load  condition.  The  power-factor 
of  the  load  is  assumed  to  be  as  represented  in  curve  C, 
which  is  a  continuation  of  the  observed  load  power- 
factor  curve  in  Fig.  4,  which  was  plotted  from  oper- 
ating data.  A  load  of  15  500  kw  at  88  percent  power- 
factor  gives  a  wattless  component  of  the  load  of  8360 
k.v.a.  lagging.  The  motor  is  supplying  6000  k.v.a.  lead- 
ing; the  wattless  component  of  the  line  at  the  terminal 
station  is  therefore  2360  k.v.a.  and  the  power  component 
is  15850  kw.  A  curve  D  of  the  wattless  k.v.a.  of  load 
is  plotted  on  a  base  of  kw  load  and  for  varying  power- 
factor.  The  straight  dotted  line  D^  to  the  origin  gives 
wattless  k.v.a.  of  load  for  an  assumed  constant  power- 
factor  of  88  percent.  At  constant  line  drop  the  watt- 
less k.v.a.  of  the  line  at  the  receiver  bears  a  defi- 
nite relation  to  the  kw  of  the  receiver,  and  a  curve  F 
is  drawn  from  the  values  calculated  from  this  equation 
representing  line  wattless  k.v.a.  for  constant  equivalent 
power  house  and  terminal  station  voltages  of  68  000  and 
56  300  volts,  represented  by  curves  A  and  B,  respec- 


chronous  motor  changing  from  lagging  to  leading 
power-factor  in  each  case,  at  the  points  where  the  curves 
D  and  D^  intersect  the  curve  F.  The  lower  power- 
factor  at  light  load  materially  increases  the  range 
over  which  the  motor  can  maintain  the  line  drop  con- 
stant without  exceeding  its  rated  load.  \Mth  the  power- 
factor  of  load  varying  as  curve  C,  the  6000  k.v.a.  syn- 
chronous motor  can  maintain  constant  line  drop  over  a 
range  of  load  from  3300  kw  to  15  850  kw.  With  as- 
sumed constant  load  power-factor  the  lower  limit  is 
raised  to  4800  kw.  If  the  whole  load  were  thrown  off 
the  terminal  station,  and  the  motor  load  were  main- 
tained constant  at  6000  k.v.a.,  the  voltage  would 
rise  to  approximately  60  000  volts,  this  being  the  total 
regulation  of  the  terminal  station. 

If  periods  of  very  light  load  are  experienced  it  may 
be  desirable  to  operate  the  power  house  at  two  fixed 
voltages,  the  lower  one  being  fixed  by  the  voltage  drop 
of  the  line  with  no  load,  but  with  the  full  wattless  lag- 
ging load  of  the  synchronous  motor.  In  this  way  con- 
stant   voltage    at    the   terminal    station    mav    be    main- 
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FIG.    6 — CALCULATED   VALUES    OF    REACTOR 
WATTLESS    K.V.A. 

A — Power  house  volts 
Bt  B: — Terminal  station  volts 
Ci  C2 — Terminal  station  power-factor 
D'  D= — Wattless  k.v.a.  of  load 
£1  E- — Synchronous  reactor  k.v.a. 
F'  Fs — Wattless  k.v.a.  of  line 


FIGS.   7  AND  8 — COMPARISONS   OF  THE  TWO   SYSTEMS   OF   OPERATION 

Over  the  same  range  of  load  as  in  previous  curves.  The  k.v.a.  curves  are  inter- 
esting for  determining  the  size  of  generators  and  transformers.  The  efficiencies  are 
calculated  from  generator  bus-bar  to  the  12000  volt  bus  in  the  terrninal  station, 
including  reactor  losses,  but  neglecting  indeterminate  losses  of  wiring,  instru- 
ments, etc. 

Fig.  7. 
Ai  .-J: — Power  house  volts 
Bi  S= — Terminal  station  volts 
Ci  C-' — Overall  efficiency 
Di  £»3— Total  losses 
£1  £1 — P'R  loss  line  and  transformers 

F — Synchronous  reactor  loss 

G — Iron  loss  of  transformers 


Fig.  8. 
A<  A-^ — Power- factor  at  power  house 
B'  B- — Power-factor  at  terminal  station 
Pi  £)-■ — K.v.a.  at  terminal  station 
E-  £- — K.v.a.  at  power  house 


lively.  This  value  of  power  house 
voltage  at  full  load  is  calculated 
from  data  of  the  line  reactance  and 
resistance  with  the  equivalent  react- 
ance and  resistance  of  two  banks  of  the  present  trans-  tained  irrespective  of  the  load.  The  minimum  load  of 
formers  at  each  end.  It  is  likely  that  in  the  future  each  the  City  of  Winnipeg  falls  well  above  the  limit  above  re- 
bank  will  be  made  equal  to  a  line  unit,  which  would  re-  ferred  to,  and  resort  to  two  power  house  voltages  is  not 
quire  transformers  of  nearly  double  the  size  of  the  anticipated.  Even  if  the  minimum  load  does  not  increase 
present  ones.    The  calculations  referred  to  make  allow-     with  the  growth  of  the  peak  load,  the  alternative  plan  of 


ance  for  line  capacity,  assuming  capacity  concentrated 
at  the  middle  of  the  line. 

The  arithmetic  difference  of  the  wattless  k.v.a.  values 
for  line  and  for  load  gives  the  required  synchronous 
motor  k.v.a.,  and  this  is  plotted  in  Fig.  I  as  curves  E 
and  £1  for  constant  load  power-factor,  and  also  for  the 
variable  load  power-factor  C,  the  function  of  the  syn- 


reducing  the  number  of  lines  in  service  at  the  time  of 
light  load  would  appear  a  simpler  method  of  operation. 
The  curves  in  Fig.  i  are  calculated  on  the  assumption 
that  the  terminal  station  voltage  is  to  be  maintained  con- 
stant. Operating  conditions  may  require  compounding 
of  this  voltage  with  increase  of  load,  two  methods  being 
open  to  consideration  to  effect  such  a  result : — 
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A — The  synchronous  motor  may  have  mounted  on  tlie  same 
shaft  a  synclironous  liooster  with  manual  field  control. 

B— The  synchronous  motor  may  effect  the  desired  result 
by  manual  control  of  the  automatic  regulator  used  with  it. 

This  control  of  the  rcguhitor  is  effected  without 
adjustment  of  the  solenoids  by  inserting  a  variable  hand- 
controlled  resistance  in  the  circuit  from  the  potential 
transformers  to  the  voltage  coil  of  the  regulator,  allow- 
ing manual  control  of  the  voltage  ajiplied  to  the  regu- 
lator, which  is  equivalent  to  a  variable  voUage  ratio  of 
the  potential  transformer  controlling  the  regulator.  The 
latter  method  is  now  used  by  the  City  of  Winnipeg  and 
is  found  of  great  service,  placing  the  voltage  control  of 
the  distribution  system  in  the  hands  of  the  terminal 
station  operators,  and  saving  a  large  amount  of  tele- 
phoning to  the  power  house.  This  additional  control  by 
the  terminal  station  operator  is  effected  at  a  certain  loss 
of  range  of  constant  voltage  control  by  the  synchronous 
motor,  and  in  some  cases  could  be  more  cheaply  effected 
by  the  other  method ;  but  as  the  minimum  load  of  the 
City  of  \\'inni])eg  system  is  considerably  above  the 
lower  limit  men- 
tioned, such  control  is 
quite  practicable  by 
this  tneans.  Of  course, 
if  this  control  were 
effected  in  some  other 
way,  a  slightly  smaller 
motor  would  be  suf- 
ficient under  normal 
circumstances. 

'I'he  ctirves  from 
similar  c  a  Iculations. 
and  also  from  oper- 
ating records  shown 
in  Figs.  5  and  6,  cover 
a  range  of  load  corre- 
sponding to  the  full 
load  of  one  line  of  the 
final  d  e  V  c  1  opment, 
and  tlie  results  are 
considered  s  a  tisfac- 
tory  evidence  of  the  capability  of  the  lines  to  handle  the 
additional  load  under  the  new  method  of  operation. 

In  the  final  devcloiiment  with  four  lines  and  motors 
a  fifth  motor  would  be  ]>rovided  as  a  spare.  In  case  of 
trouble  on  one  line  the  whole  load  may  be  carried  on 
three  lines  if  five  motors  are  ])laced  in  cijieration  on  the 
three  lines. 

Characteristics  of  operation  of  the  transmission  line 
under  two  conditions  of  oi)eration  taken  under  closely 
similar  conditions  of  loading,  etc.,  are  showtt  in  Figs.  3 
to  8  for  two  cases : — 

Case  I — Operation  with  two  circuits  in  operation,  but  with- 
out the  synchronous  motor. 

Case  -'—Operation  with  one  circuit  only  in  operation,  but 
with  the  6000  k.v.a.  synchronous  motor  in  service  at  the  ter- 
minal station. 

The  same  transformer  banks  were  in   use  in   each 

case,  and  no  switching  of  lines  or  transformers  took 

place  during  these  tests.     The  step-up  and  step-down 


transformers  are  throughout  considered  part  of  the 
transmission  line.  Six  transformers  were  in  use  at  each 
enil  of  the  line  during  the  tests,  arranged  in  two  banks 
with  delta  high  and  low-voltage  connections. 

A  comparison  of  the  curves  in  Fig.  5  clearly  shows 
the  advantage  to  line  regulation  gained  by  a  low  power- 
factor  at  light  load,  as  well  as  by  high  power-factor  at 
full  load.  In  this  case  the  phase  control  is  inherent  in 
the  character  of  the  load,  and  is  not  controlled  by  any 
device  whatever.  It  is  believed  that  the  advantage  of 
high  power-factor  at  full  load  has  been  given  undue 
prominence  in  the  minds  of  engineers  in  consideration 
of  distributing  systems.  The  above  will  show  that  such 
an  idea  is  but  one  aspect  of  a  two-sided  problem,  and 
that  the  usual  low  power- factor  at  light  loads  is  truly  a 
blessing  in  disguise. 

It  will  be  noticed  that  the  motor  is  made  to  com- 
pound the  terminal  station  voltage  with  increasing  load, 
and  that  the  power-factor  of  the  load  decreases  with 
decreasing  load.    The  net  result  of  these  two  actions  in 

this  case  is  to  require 
a  motor  k.v.a.  varying 
with  the  load  in  a 
somewhat  similar 
manner  to,  and  very 
c  1  o  sely  agreeing  at 
full  load  and  lowest 
load  with  the  k.v.a. 
required  for  the  sim- 
l)le  condition  of  con- 
stant voltage  drop  and 
constant  terminal  sta- 
t  i  o  n  voltage,  calcu- 
lated curves  for  which 
are  shown  dotted.  In 
other  words,  the  ad- 
vantage of  larger 
range  of  control  con- 
sequent on  variable 
load  power-factor  is 
II  e  u  t  r  alized  if  the 
motor  be  used  to  compound  tlie  terminal  station  voltage. 
or  from  still  another  ])oint  of  view,  the  variable  ]>ower- 
factor  of  load  allows  a  certain  amount  of  comiioimding 
of  terminal  station  voltage  without  curtailing  the  range 
of  control  which  would  be  expected  from  predetermina- 
tions based  on  the  simple  conditions  of  constant  drop, 
constant  voltage  and  constant  power-factor. 

CONCLUSION 

.\  conclusion  to  be  drawn  from  the  curves  in  Figs. 
2  to  8  is  that  while  the  use  of  the  synchronous  motor 
to  improve  the  power-factor  at  full  load  makes  possible 
an  increase  of  load  with  the  same  regulation  of  the  line 
from  no  load  to  full  load,  the  elimination  of  this  regu- 
lation and  the  substitution  of  a  constant  difference  of 
voltage  between  the  power  house  and  the  terminal  sta- 
tion by  use  of  a  motor  to  supply  lagging  current,  and 
so  lower  the  power-factor  at  light  load,  is  desirable  from 
the  operating  point  of  view,  for  the  following  reasons  : — 


) — hOOO    K.V..\.,    THRKK-I'II.VSK,    WidO    Vlll.T.    6uo    K.r.M.    SVNCnKONors 
RK.VCTOR    tSKI)    I.V    CONXECTION    WITH    THE    CON'ST.VXT    VOI.T.VGE 
TR.VNSMISSIOX    LINK   TO   THE   CITY    OF    WINXIPEC. 
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I — Automatic  compounding  of  the  generating  station  volt- 
age is  done  away  with  and  constant  voltage,  automatically  con- 
trolled, is  substituted.  Apparatus  for  the  latter  condition  may 
be  relied  on. 

2 — Extreme  overload  capacity  of  lines  in  case  of  emergency, 
and  control  from  the  terminal  station. 

3 — Telephoning  between  power  house  and  terminal  station 
is  greatly  reduced,  as  the  voltage  of  the  distribution  bus  is  con- 
trolled in  the  terminal  station. 

4 — Voltage  of  the  line  is  steady  and  lightning  arresters  may 
be  set  closer  with  increased  protection  to  insulators  and  appa- 
ratus. From  this  point  of  view,  it  is  important  to  arrange  the 
switching  so  that  the  motor  is  a  part  of  the  line  unit  in  case 
automatic  relays  are  used  on  the  line  oil  switches. 

5 — Loads  may  be  supplied  at  intermediate  points  on  the 
line  with  steady  voltage. 

APPENDIX 

The  calculations  which  are  included  in  this  appendix  treat  the 
three-phase  transmission  circuit  as  composed  of  three  single-phase 
circuits  each  having  one  wire  only,  with  neutral  return  of  zero  im- 
pedance. The  voltage  of  these  single-phase  circuits  is  the  star  voltage 
or  voltage  to  neutral  of  the  system.  All  calculations  are  made, 
therefore,  for  one  wire  with  impedance  and  capacity  susceptance 
to  neutral  and  the  receiver  conductance  and  susceptance  are  also 
referred  to  the  neutral.  The  impedance  of  the  transformers  at 
each  end  of  the  line  is  represented  by  an  equivalent  inserted  in  the 
line.  For  convenience  the  equations  of  voltage  drop  are  given  in 
terms  of  the  voltage  between  wires  which  bears  the  simple  numerical 
value  of  \  3  times  the  voltage  to  neutral. 

The  transformers  at  the  generating  station  and  terminal 
station  are  connected  delta  on  both  high  and  low  voltage  windings 
and  are  single-phase  transformers.  The  equivalent  impedance  to 
be  inserted  in  each  wire  of  the  line  will  be  the  impedance  per  wire 
to  neutral  of  the  bank,  or  one-third  of  the  single-phase  equivalent 
impedance  of  the  transformers  measured  on  the  high  voltage  side. 

Transmission  Line  Dat.\ 

Two  circuits,  77  miles  long — 60  cycles — three-phase — each 
three  wires — stranded  aluminum  cable — average  cross-section  of 
280600  circ.  mils — average  conductivity  61.15  percent.  Cable 
has  an  over-all  diameter  of  0.653  inches.  Wires  are  carried  at  the 
corners  of  an  equilateral  triangle  of  six  feet  to  a  side.  Resistance 
per  wire  at  o  degrees  C.  =  22.7  ohms  =  r.  Inductive  reactance 
per  wire  =  53.8  ohms  =  x.  Capacity  reactance  per  wire  to 
neutral  =  2135  ohms  =  Xc.  Capacity  susceptance  per  wire  to 
neutral  =  0.000462  =  be- 

Data  of  Transformers  from  Test  Sheets 
Power  house  at  44  degrees  C.  Voltage  ratio  =  63  000-H6600. 
Resistance  (equiv.  h.v.)  =  10.6  ohms.  Reactance  (equiv.  h.v.) 
=  46.2  ohms.  Terminal  station  at  22  degrees  C.  Ratio  =  55  000 
-i-  12  000.  Resistance  (equiv.  h.v.)  8.1  ohms.  Reactance  (equiv. 
h.v.)  41  ohms.  No  attempt  is  made  to  correct  the  resistances  for 
actual  temperatures  at  time  of  test,  as  no  records  of  these  temper- 
atures are  available. 

Equiv.alent  Reactance  and  Resistance  per  Wire 

OF  Transmission  Circuit 

Case  I — One  bank  of  transformers  per  circuit. 

T,  ,10.6,8.1  n  ., 

R  =   22.7  H 1 =  28.9^  w  (ohms). 

3  3 

3  3 

R  +jX  =  28.93  +  82.86J 

Case  2 — Two  banks  of  transformers  per  circuit. 
R 


„,io6,8.i  „ 


X=s3.8+^'+-f  =  68  33'^. 

R+jX  =  25.8  +  68.33J- 
Case   3 — Emergency   condition   of   tcjtal    de\clopment — four 


double  banks  to  three  circuits. 


13 


0 


,  +^X^=  64.69   c.. 

464 


X  =  S3 
R  +  jX  =  2S.04  +  64.69J. 

C.VLCLLATION    OF    LiNE    DrOP 


^^=^{'+{R+jx)(^,-jh+j^')+^{R+jxy 

eg  and  e  =  Generating  station  and  receiver  volts  to  neutral, 
R   -{-jX  =  equivalent  impedance  of  one  wire  of  line, 
be  =  Capacity  susceptance  of  one  wire  to  neutral, 

♦Derivation  of  above  equation  is  given  completely  in  Christie's  "Electrical 
Engineering,"  page  403. 


Susceptance  of  receiver  to  neutral   = 


Conductance  of  receiver  to  neutral 


/  sin  0, 
e 
I  cos  ip. 


For  lines  of  small  capacity,  the  second  bracketed  term  is  neg- 
ligibly small  and  may  be  omitted. 

Also   es  =~Sa,  and  e  =  -£= 
\   3  S3 

where  Eg  and  E   =  generating  station  and  recei\-er  volts  between 
wires. 

Above  equation  may  be  re-written 

Eg  =e{i   +(^R+jX^(^g-jh+Jh.'^} 


=    E 


Or,  if  b- 


-^be  represented  by  an  equivalent  receiver  susceptance 


namely,  br 


be 


Eg  =  E.  V  (/  +  gi^  +  b^X)-  +  {gX  —  hrR)- 

CALCULATION     OF     WATTLESS     K.V.A.     AT     RECEIVER     FOR     VARYING 
RECEIVER    K\V   AT   CONSTANT    Eg   AND    E. 

E, 


-  s  (7  -I-  gi^  -t-  brXy-  + 

P  f^  T 

--7^  =  A  (constant!.    — 7/    = — , 
£0  t  A 


brR)^. 


I 
A 


E  \    ii  +rR  +  brX)^  +  I g.V— »,/?)- 


-p      =    {I    +  gR   +  6rA'i-    -1-   (gX—brR)'. 

Expanding: — 

-^  =  I  +  g--«2  +  br  X'   +  2brX  +  jgR  +  g'  X'  +  brRK 

Collecting  terms  of  b,  and  g, — 
br  {R-+X')   +  2brX   =  -^   —I~g-  (R-  +X')~2gR. 

R-  +  X''  =  Z-         where  Z  =  line  impedance. 

br-  Z-'    +2brX    =—L.  —  I—g'Z'-—2gR. 


A- 


Dividing  by  Z- 
.Y 


br-  +  2br 


X 
Z' 
R 
Z- 

br-    +  2brB    = 


Z-  A-Z'  Z- 

B  =  susceptance  of  line. 


G  =  conductance  of  line 

I  I 


Add  B 

br^   +  2brB  +  B- 


A  -Z-  Z 

G-  to  both  sides 

I 


-~-g'~2gG. 


{br  +  B) 


A'Z' 

I 

.4-Z- 

br    =   —B   +         \ 


±-  +  (B--+G^-)  —  {g^+2gG+G^). 


Z'    +    Z' 


(g  +  GY- 


A'Z^ 


+  Gr-. 


br  =  b 


A. 
2 


-^-5-f 


—  —ig  +  cy 


b  = 


I  sin  <P 


I  sin  <t> 


\  3 


\  A'^Z' 
S  3  I  sin  0    _   \'~^Elsin<i> 


E- 


or  1^  3  EI  sin  <P  =  E-  X  b. 
Wattless  k.v.a.  of  line  at  receiver  =  E-  X  b. 
Similarly,  kw  of  line  at  receiver  =  E-  X  g. 
This  equation, 

expresses  the  wattless  k.v.a.  of  the  line  at  the  receiver  as  a  function 
of  kilowatts  at  the  receiver,  for  constant  generating  station  and 
receiver  voltages,  as  all  quantities  except  b  and  g  are  constants  for 
a  given  transmission  line,  and  g  may  be  determined  from  the 
formula  for  gin  terms  of  kw  of  line  and  E^. 

When  substituting  in  this  equation  to  obtain  numerical 
values,  it  is  important  to  note  that,  owing  to  the  fact  that  the 
differences  of  the  different  terms  above  are  the  desired  values,  each 
term  must  be  calculated  to  several  significant  figures,  and  a  slide 
rule  of  four-figure  logarithms  does  not  give  sufficiently'  accurate 
determinations. 


The  Silk  Industry  in  Northeastern 

Pennsylvania 


G.  F.  Smith  and  Elmer  L.  Kyle 


PERHAPS  in  no  section  of  the  United  States  is 
so  much  silk  prepared  for  the  weaver  as  in 
Northeastern  Pennsylvania,  comprising  the  ter- 
ritory in  the  vicinity  of  Scranton  and  W'ilkes-Barre. 
The  reasons  for  this  condition  are  numerous,  chief 
among  which  are  cheap  labor,  comparative  freedom 
from  labor  trouble,  cheap  and  reliable  power  and 
proximity  to  the  weaving  market  and  to  New  York 
City,  where  most  of  the  raw  silk  is  obtained.  Approx- 
imately 95  percent  of  the  employees  of  silk  throwing 
mills  are  girls  between  the  ages  of  14  and  25.  In  the 
section  referred  to  they  are  largely  of  foreign  extrac- 
tion. As  with  other  textile  materials,  raw  silk — i.  e., 
silk  taken   from  the  cocoon  of  the  silk  worm — is  not 


it  is  sent  to  the  throwster,  who  spins  it  according  to  indi- 
vidual specitications.  There  are,  however,  a  few  throw- 
sters who  purchase  raw  silk  and  throw  it  in  accord- 
ance with  the  general  demand  of  the  market.  This,  of 
course,  requires  a  much  larger  working  capital  and  in- 
volves a  greater  risk  of  marketing,  but  often  makes  pos- 
sible a  higher  profit  on  the  work.  Again,  there  are  a 
nuiuber  of  combination  throwing  and  weaving  mills,  as 
well  as  weavers  who  own  throwing  mills.  It  is  difficult, 
however,  for  the  manufacturer  to  so  regulate  his  pro- 
duction that  both  the  throwing  and  weaving  departments 
operate  regularly  to  their  capacity,  and,  consequently,  at 
their  best  efficiency.  This  condition  is  caused  bv  the 
relative   variation   in   time   necessary   to   throw   certain 


I-IC.    I — I.NSIAl.I.ATinX    OI-    SPINNERS    IN    A    SILK    MILL 

The  simplicity,  compactness  and  convenience  of  the  arrangement  with  motor  drive  is  at  once  apparent.     No  consideration  need 
be  given  to  the  requirements  of  a  fixed  and  heavy  line  shaft  as  with  steam  drive. 


suited  for  weaving  until  spun.  The  spinning  may  con- 
sist of  simply  twisting  the  single  raw  silk  thread, 
doubling  it,  and  twisting  the  two  together,  or  of  twisting 
a  number  of  threads  together.  The  process  employed 
to  prepare  raw  silk  for  weaving  or  knitting  is  termed 
"throwing,"  derived  from  the  old  English  "thrazvii," 
meaning  twisting.  This  process  gives  the  weaver  and 
knitter  a  stronger  and  more  durable  thread  for  the 
work,  thereby  eliminating  excessive  breakage  and  at  the 
same  time  producing  a  more  imiform  product.  The 
mills  in  the  locality  mentioned  are  termed  "throwing 
mills."  Most  of  the  work  is  done  on  a  commission  basis, 
and  mill  owners  are  termed  "commission  throwsters." 

The  raw  silk  is  usually  purchased  by  textile  manu- 
facturers, comprising  weavers,  knitters,  etc.,  from  whom 


grades  of  silk  compared  with  the  time  required  to  weave 
them.  It  becomes  necessary,  therefore,  to  have  a  por- 
tion of  cither  the  throwing  or  weaving  done  elsewhere 
or  to  shut  down  one  or  the  other  department. 

There  are  approximately  75  throwing  mills  within  a 
short  distance  from  Scranton  and  Wilkes-Barre.  In  the 
territory  covered  by  one  central  station  there  are  located 
46  silk  mills,  of  which  18  are  steam  driven,  of  2737 
horse-power  total;  13  in.stalled  motors  when  built,  of 
1071  horse-power  total;  11  replaced  steam  by  motors, 
of  2405  horse-power  total :  four  mills  have  steam  and 
electric  power. 

Japan,  Italy,  China,  France  and  Corea  produce  most 
of  the  world's  supply  of  raw  silk.  Probably  no  country 
equals  Japan  in  the  production  of  the  better  grades,  and 
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most  of  the  raw  material  used  at  the  present  time  in  the 
United  States  comes  from  that  country.  It  is  received 
in  bales  comprising  a  delinite  number  of  skeins,  each  of 
which    contains    approximately    40000    yards    of    silk 


FIG.    2 — MOTOR-OPERATED    EXTRACTOR    FOR    SILK    MII.I. 

thread.  Another  distinct  grade,  known  as  Canton  silk, 
comes  from  the  vicinity  of  Canton,  China.  Tussah  silk 
comes  from  Corea,  and  is  brown,  in  contrast  to  the  usual 
white  raw  silk,  due  to  the  fact  that  the  worms  which 
produce  this  silk  live  principally  on  oak  leaves,  while 
practically   all   the   others   subsist   on   mulberry   leaves. 


T   W.nd.Up 
Bobbin 


The  ejtlfl  ihiwn 
travels  Irom  nghi 
ft  a  disunce 
equal  to  A 


FIG.  3  FIG.  4 

Fig.  3 — The  first  stage  of  the  spinning  process.  The  raw 
skeins  of  silk  are  placed  on  "swifts"  as  shown  and  wound  off 
onto  bobbins. 

Fig.  4 — The  first-time  spinner.  The  silk  is  twisted  while 
being  rewound  onto  a  second  bobbin. 

Tsatlee  silk  comes  from  China.     The  various  types  of 
Chinese  silks  are  known  as  Tsatlee,  Chee  Foo,  etc. 

There  are  in  general  two  classes  of  silk  prepared  by 
the  throwster,  namely,  "organzine"  and  "tram."  Organ- 
zines  are  made  from  Japans,  Italians  and  Chinas. 
Trams  are  manufactured  from  Cantons,  Japans,  Tus- 
sahs  and  Tsatlees.  In  the  manufacture  of  standard 
organzine  silk  the  raw  thread  is  spun  16  turns  to  the 
inch  and  then  doubled.  The  two  threads  are  twisted 
about  each  other  14  turns  to  the  inch.  All  organzines 
are  used  as  the  warp  in  weaving  and  give  finish  to  the 
fabric.  Grenadine,  a  form  of  organzine,  is  manufac- 
tured by  spinning  the  single  thread  40  to  42  turns  to 
the  inch,  doubling,  then  twisting  20  to  22  turns  to  the 
inch.     About  five  percent  of  grenadine  is  composed  of 


three  threads  (instead  of  two)  twisted  to  the  same  de- 
gree. This  high  twist  gives  the  silk  what  is  known  as 
a  hard  finish. 

Tram  silk,  used  as  the  filler  in  weaving,  is  manufac- 
tured by  twisting  only.  The  single  thread  is  not  spun, 
but  the  threads  are  doubled  and  twisted  about  each 
other  from  1.5  to  3.5  turns  to  the  inch.  In  the  manu- 
facture of  standard  floss,  a  grade  of  tram,  only  one-half 
turn  to  the  inch  is  made.  It  comprises  from  two  to  six 
threads.  Crepe  is  a  hard  twisted  tram  manufactured 
only  from  Japans  and  Cantons,  and  is  twisted  from  55 
to  80  turns  to  the  inch. 

When  the  raw  silk  is  received  by  the  throwster  it  is 
weighed  and  then  placed  in  a  bath  of  soap  and  oil  to 
wash  out  the  impurities  and  to  soften  it.  After  washing, 


FIG.  S  FIG.  6 

Fig-  S — A  doubler.  Doubling  consists  in  winding  from  two 
to  six  threads  from  as  many  bobbins,  onto  one  bobbin,  without 
twisting. 

Fig-  6 — The  second-time  spinner.  On  this  machine  the 
group  of  threads  from  the  doubler  are  twisted  together  into  a 
single  thread. 

the  silk  is  dried  by  means  of  an  "extractor."  The  skeins 
are  then  taken  to  the  winders  and  placed  on  "swifts,"  as 
shown  in  Fig.  3.  From  the  swift  the  silk  is  wound  on 
bobbins.    The  bobbin  is  taken  to  the  first  time  spinnincf 


FIG.   7 — TYPICAL   SILK   MILL   SWITCHBOARD 

_  These  boards  are  especially  designed  for  this  service,  pro- 
vision being  made  for  watt-hour  meter,  graphic-recording  watt- 
hour  meter,  main  switch,  circuit  breaker  and  feeder  circuit 
busses. 

machine  and  placed  on  a  vertical  spindle  shaft.  Fig.  4, 
which  rotates  at  a  speed  of  from  10  000  to  13  000  revolu- 
tions per  minute.  Here  the  single  thread  receives  its 
first  spinning.  The  end  is  taken  from  the  spindle  bobbin, 
passed  through  an  eyelet  and  is  wound  up  on  another 
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bobbin.  As  the  spindle  bobbin  rotates  it  twists  the  indi- 
vidual thread,  the  degree  of  twist  given  depending  on 
the  relative  speed  at  which  the  upper  bobbin  winds  up 
the  silk  thread  as  compared  to  the  speed  of  the  lower 


FIG.  8 — AN  INSTALLATION  01"  ATWOOD  5B  SPINNERS 

bobbin,  and  it  can,  of  course,  be  regulated  by  varying 
the  speed  of  the  upper  or  wind-up  bobbin. 

The  next  step  is  "doubling"  or  putting  two  or  more 
threads  together.  Doubling  machines  are  provided  to 
"double"  as  many  as  six  threads.  A  doubling  machine 
consists  primarily  of  a  wind-up  bobbin  mounted  in  a 
manner  similar  to  the  first  time  spinner.  Fig.  4,  and  a 
number  of  fixed  shafts  upon  which  the  bobbins  taken 
from  first  time  spinners  are  placed,  as  shown  in  Fig.  5. 
Ihe  bobbins  are  free  to  rotate,  and  threads  from  each 
pass  through  an  eyelet  and  are  wound  on  the  wind-up 
bobbin.  Doublers  do  not  twist  the  thread,  l)ut  merely 
wind  two  or  more  threads  together. 

From  the  doublers  the  thread  is  taken  to  the 
"twisters,"  or  "second  time  spinners."  These  machines 
are  identical  in  principle  with  first  time  .spinners  shown 


y^'^L. 


FIG.   9 — WINDER  ROOM   IN   A    SILK    MILL 

The  line  shaft  is  230  feet  long,  with  roller  bearings,  and  the 
machinery  in  the  entire  room  is  driven  by  a  five  horse-power 
Westinghouse  motor. 

in  Fig.  4,  except  that  the  spindles  must  be  equipped  with 
"flyers."  The  "flyer"  consists  of  a  small  leather  washer 
with  extending  arms  of  steel  wire,  as  shown  in  Fig.  6. 
It  is  placed  above  the  bobbin  and  is  free  to  rotate  on  the 
spindle  shaft,  its  object  being  to  hold  the  two  or  more 
threads  together  in  order  to  prevent  them  from  flying 


apart  due  to  the  high  speed  of  the  rotating  bobbin.  On 
account  of  the  flyers,  second  time  spinners  cannot  oper- 
ate successfully  at  a  speed  higher  than  approximately 
8  000  r.p.m.,  the  actual  speed  varying  with  the  grade  of 
silk  being  spun.  The  degree  of  twist  put  into  the  thread 
determines  its  class.  The  standard  twist  is  known  as 
"organzine,"  and  a  harder  twist  as  "grenadine"  twist. 

From  the  twisters,  if  skeins  are  desired,  the  silk 
thread  is  taken  to  reels ;  but  if  the  thread  is  required 
for  knitting  it  is  usually  placed  on  a  coning  machine, 
where  it  is  wound  on  conical-shaped  pieces  of  card- 
board. Reeling  primarily  is  just  the  reverse  of  winding, 
and  consists  of  transferring  the  silk  from  bobbins  to 
skeins. 

After  reeling,  the  silk  is  tied  to  prevent  snarling,  and 
this  is  termed  "lacing."  The  reeling  machines,  when 
v/inding  the  skeins,  cross  the  threads  similar  to  a  net 
of  long  diamond  mesh.  String  is  used  to  tie  the  differ- 
ent parts  of  the  mesh,  there  usually  being  five  tics  to  a 
skein.  This,  of  course,  facilitates  handling  after  the 
silk  has  been  taken  from  the  reels,  as  in  dyeing  and  for 


FIG.   10 — A  FIVE  HORSE-POWER  WESTINGHOUSE  MOTOR  DRIVING 
TWELVE  SIX-FLY  WHEELS 

Other  purposes.  When  reeling  is  finished,  the  skeins  are 
bundled  together,  pressed  and  bound  in  packages  ready 
for  shipment  to  the  dyer,  from  whom  it  is  sent  to  the 
weaving  or  knitting  mills. 

A  machine  has  in  recent  years  been  placed  on  the 
market  called  the  Atwood  5B  spinner.  The  silk,  as 
taken  from  the  regular  first  time  spinner,  is  placed  on 
the  5B  machine,  which  accomplishes  two  processes, 
doubling  the  silk  and  also  twisting  the  threads  approxi- 
mately three  turns  to  the  inch.  This  is  a  distinct  advan- 
tage over  the  usual  single  process,  as  when  the  silk  is 
merely  doubled  it  can  be  twisted  only  at  a  speed  not 
greater  than  8  000  revolutions  per  minute,  but  when  the 
silk  is  given  a  slight  twist  by  the  5B  spinner  the  flyer  of 
the  bobbin  can  be  dispensed  with  and  the  twister  can  be 
operated  at  a  speed  as  high  as  with  the  first  time 
spinner.  This  results  in  greatly  increased  production. 
This  machine  also  accomplishes  practically  all  that  is 
required  in  the  spinning  of  tram  silk,  except  winding 
and  reeling ;  that  is,  it  doubles  and  twists  the  threads  two 
to  three  turns  to  the  inch. 
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Another  machine  which  was  placed  on  the  market  a 
number  of  years  ago  for  spinning  organzine  is  the  5C 
spinner,  which  accomplishes  three  processes — that  is,  it 
spins  the  single  thread,  doubles  it  and  twists  it  to  the 
desired  number  of  turns.  Most  silk  throwsters,  how- 
ever, do  not  favor  this  method,  as  the  machine  is  com- 


FIG.   1 1 — GROUP  OF  FIRST-TIME  SPINNERS  DRIVEN  BY  A  WESTING- 
HOUSE    IS    HORSE-POWER    MOTOR 

plicated,  necessitating  careful  attention  and  requiring 
frequent  repairs;  otherwise  it  is  liable  to  produce  an 
uneven  product. 

POWER   REQUIREMENTS 

Throwing  mills  take  considerable  power,  owing  to 
the  compactness  of  the  machines  and  to  the  high  speed 
of  operation  of  the  parts.  Previous  to  the  rapid  devel- 
opments made  in  generating  stations  nearly  all  of  the 
mills  were  operated  by  steam  power,  but  owing  to  this 
progress  and  the  consequent  reductions  in  power  rates, 
practically  all  of  the  old  and  new  mills  are  installing 
.motors,  and  the  majority  are  using  central  station  power. 

Among  the  advantages  of  the  electric  motor  for  silk 
mill  service  when  used  in  conjunction  with  either  cen- 
tral station  or  isolated  electric  plant  power  are : — 

1 — Uniform  Speed — The  electric  motor,  particularly  the 
squirrel-cage  type,  which  is  almost  universally  used  for  driving 
silk  throwing  machinery,  maintains  a  more  uniform  speed  than 
the  steam  or  gas  engine.  Unusual  fluctuations  in  speed  not  only 
produce  an  unsatisfactory  product,  but  curtail  the  production. 

2 — Facility  of  Increase — When  it  is  desired  to  increase  the 
output  of  the  mill  by  installing  additional  machinery,  it  is,  of 
course,  necessary  to  supply  some  source  of  power.  Where  mills 
are  steam  driven  tlie  usual  practice  has  been  either  to  install  an 
additional  engine  of  the  proper  size  to  drive  the  increased  load 
or  take  out  the  old  engine  and  install  a  new  one  with  sufficient 
capacity  to  carry  the  entire  load.  Such  changes  are  awkward 
and  expensive.  In  some  cases  it  has  been  the  practice  to  install 
an  engine  larger  than  necessary  to  drive  the  mill.  This  is  not 
economical,  since  the  engine  operates  at  reduced  efficiency  due 
to  the  comparatively  light  load.  When  it  is  necessary  to  replace 
the  original  steam  unit  by  a  larger  one  the  mill  must  be  shut 
dowH.  Such  a  condition  does  not  exist  in  electrically  driven 
mills,  as  additional  motors  can  be  installed  at  low  cost  with 
little  or  no  inconvenience. 

Central  station  service  has  the  following  additional 
advantages : — 

1 — Low  Cost  of  Operation — Electric  power  may  be  pur- 
chased in  most  localities  at  exceedingly  low  rates,  and  some 


central  stations  have  rate  schedules  adapted  particularly  for 
silk  mill  loads. 

2 — Continuity  of  Operation — Generating  stations  and  trans- 
mission equipments  have  been  so  improved  that  power  thus 
purchased  is  continuously  available. 

3 — Ample  Overload  Capacity — The  capacity  of  the  central 
statio.n  is  usually  so  large  that  large  increases  in  additional 
power  requirements  of  the  mill  can  be  obtained  with  no  dif- 
ficulty. 

4 — Constant  Voltage  and  Frequency. 

S — Facilites  for  Locating  Factories  without  Reference  to 
Water  Supply. 

6 — Decreased  Insurance  Rates. 

7 — Cleanliness. 

8 — Unnecessary  Bookkeeping  Elitninated — Monthly  bills  are 
much  simpler  to  keep  and  compare  costs  than  the  extra  work 
involved  with  isolated  plant  bookkeeping. 

9 — Time  in  Looking  After  Needs  of  Private  Plants  Saved. 

POWER   APPLICATIONS 

There  are  three  general  methods  used  in  driving  silk 
machinery  by  electric  power : — 

1 — Installing  one  large  motor  to  drive  the  complete  plant. 

2 — Splitting  up  the  load  into  several  groups  and  driving 
each  group  by  a  separate  motor,  in  which  case  similar  types  of 
machines  are  grouped  together. 

3 — Individual  drive — a  motor  on  each  machine. 

The  first  method,  while  satisfactory,  is  not  generally 
employed,  as  it  possesses  only  those  advantages  over 
steam  drive  previously  discussed. 

Group  drive  has  been  found  to  meet  with  general 
favor,  and  is  usually  employed.     Its  advantages  over 


\ 

\ 

ij 

^ 

c 

\, 

t 

i 

\ 

^ 

^ 

— S 

\ 

xsJ 

^ 

^ 

\ 

S. 

^ 

coun 

Cur^e 

I 

N 

..^ 

y' 

-^ 

r 

s 

c 

^ 

><: 

i 

2 

^ 

^ 

Ra 

^«Cu 

ve 

i  ' 

^ 

^ 

^ 

^ 

5 

Jours 

\ 
pert 

» 
lonth 

1 

ofE. 

0 

chK 

JOO 
lowat    of  ^ 

faxm 

um  L 

d 

^ 

« 

10 

)0 
Mo 

1; 
ithly 

Gro&, 

3000 
Bill  'n  Do 

an 

FIG.    12 — CURVES    SHOWING    RATES    OF   THE    SCRANTON    ELECTRIC 
COMPANY,    ADAPTED    PARTICULARLY    TO    SILK-THROWING    MILLS 

The  rate  per  kw-hr.  is  dependent  on  the  hours  use  per 
month  of  the  maximum  demand ;  the  quantity  discount  is  based 
on  the  gross  bill. 

steam  drive,  or  drive  by  one  large  motor,  may  be  enum- 
erated as  follows : — 

a — Elimination  of  unnecessary  line  and  counter  shafting, 
b — Flexibility. 

The  machinery  may  be  located  in  positions  best 
suited  for  manufacturing  purposes,  usually  grouped  in 
units  requiring  approximately  equal  amounts  of  power, 
such  that  comparatively  small  motors  may  be  used. 
In  case  of  trouble  this  permits  their  quick  replace- 
ment from  stock.  Group  drive  also  permits  each  depart- 
ment to  operate  overtime  independent!}'  with  the  efficient 
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use  of  a  fully  loaded  motor.  This  condition  is  liable  to 
take  place  in  the  manufacture  of  crepe  due  to  the  high 
degree  of  twist,  as  more  time  is  required  for  spinning 
than  for  winding  and  reeling.  If  trouble  develops  in 
any  section  the  entire  mill  need  not  suffer  as  a  result,  as 
repairs  can  be  made  quickly  and  easily  or  an  emergency 
motor  installed. 

Individual  drive  is  ideal,  but  it  is  expensive  in  its 
first  cost.  Winders  and  reels  require  so  little  power 
that  a  motor  of  sufficient  size  to  drive  each  machine  is 
low  in  efficiency  on  account  of  its  small  size,  and,  there- 
fore, this  method  of  drive  does  not  appeal  strongly  to 
the  throwster.  In  order  to  drive  the  spindle  belt  on 
spinning  machines  directly  from  the  motor  pulley  it 
usually  becomes  necessary  to  use  a  vertical  motor.  Such 
a  motor  must  be  of  the  slow-speed  type,  and  it  must  have 
a  high  starting  torque  on  account  of  the  mechanical 
features  of  the  machine.  Slow-speed  vertical  motors 
are  large  and  expensive,  and  the  increased  rotor  resist- 
ance necessary  to  produce  the  high  starting  torque  re- 
duces the  efificiency. 

As  examples  of  group  driven  mills,  the  following 
installations,  i  to  4,  are  typical.  Installation  5  is  typical 
for  a  small  mill  driven  by  a  single  motor. 


SILK  MILL  NO.  3 


SILK  MILL  No.   1 

Horse-Power 

Number  of 

Number  of 

OF  Motor 

Speed 

Machines 

Spindles 

30 

850 

27  5B  spinners 

96 

30 

850 

27  5B  spinners 

96 

5 

1750 

30  winders 

70 

5 

1750 

11  8  fly  reels 

'25 

1140 

/    9  coning  machines 
\  10  5B  spinners 

96 

50 

850 

36  twisters 

92 

* — Not  fully  loaded. 
Power  Consumption — 


1914            Kw-IIrs.           15  Min. 

Max.  Demand 

Aug.                 30000 

110 

Sept.                35600 

122 

Oct.                  14320 

126 

(shut  down  half  month) 

Nov.                 29120 

138 

Dec.                22960 

125 

SILK  MILL  No.  2 

Horse- Power 

Number  of 

Number  of 

OF  Motor 

Speed 

M.\chines 

Spindles 

50 

870 

28  twisters 

104 

35 

1140 

16  5H   spinners 

104 

5   s|)inners 

l.?0 

20  5C  spinners 

240 

5  doublers 

120 

100 

880 

25  winders 
6  4-fly   reels 
1    freight   elevator 
2000  Itis. 

70 

^ 

1735 

1  extractor 

Power  Consumption — 


1914 

Kw-Hrs. 

15  Min. 

M 

IX.  Demand 

May 

46560 

159 

une 

44520 

158 

uly 

51000 

158 

Aug. 

43800 

173 

Sept. 

53400 

168 

Kw 


Horse-Power 

Number  of 

Number  OF 

OF  Motor 

Speed 

Machines 

Spindles 

5 

1140 

28  .'^twood  2  F  winders 

76 

3 

1735 

34  Columbian  winders 

64 

40 

1170 

19  Single  deck  twisters 

96 

25 

1160 

18  Atwood  5B  spinners 

104 

25 

1160 

18  Atwood  5B  spinners 

104 

5 

1735 

12   6-fly  reels 

15 

1155 

5  double  deck  spinners 

216 

100 

880 

!    7  single  deck  spinners 

100 

\  27  double  deck  spinners 

216 

5 

1735 

1  extractor 

Power  Consumption- 


1914           Kw-Hrs. 
May               61300 
June               6-\i.S() 
July                67200 
Aug.               56640 

15  Min. 

M 

ax.  Demand 
163.2 
163.2 
172.8 
164.1 

SILK  MILL  No.  4* 

-Kw 


HORSE-PoWER 

Number  of 

Number  OF 

OF  Motor 

Speed 

Machines 

Spindles 

50 

1170 

14  double  deck  spinners 

236 

50 

1170 

14  double  deck  spinners 

236 

35 

1170 

13  doubler  spinners 

176 

35 

1170 

13  douljler  spinners 

176 

35 

1170 

14  .Atwood  2C  spinners 

182 

15 

1170 

1 2  single  deck  spinners 

94 

5 

1735 

15  Columbian  winders 

140 

8  doublers 

70 

35 

1170 

10  double  deck  spinners 

196 

25 

1170 

20  5B  spinners 

104 

5 

1735 

Machine  shop  in  base- 
ment 

•This  is  a  new  mill.     No  power  records  available. 
SILK  MILL  No.  5 


Horse-  Power 
OF  Motor 

Speed 

Number  of 
Machines 

Number  of 
Spindles 

40 

1120 

15  spinners 
7  Doublcrs 

10  Twisters 

11  Winders 

2    Reels 

112 
60 
90 

'  Consumption— 

1913 

Kw-Hrs 

Jan.    -1 
Feb.    / 

3663 

Mar. 

8052 

April  \ 
May   / 

9440 

June 

4586 

July 

5318 

Aug. 

6177 

Sept. 

3629 

1913 

Kw-Hrs. 

Oct. 

6382 

Nov. 

4964 

Dec. 

5818 

1914 

Jan. 

7894 

Feb. 

3362 

Mar. 

1403 

April 

8669 

Mav 

10267 

As  previously  mentioned,  one  of  the  central  stations, 
the  Scranton  Electric  Company,  has  a  load-factor  power 
rate  which  is  particularly  well  adapted  to  silk  throwing 
mills.  This  rate  is  shown  in  the  form  of  a  curve  in  Fig. 
12,  with  the  discounts  which  apply.  With  these  rates  are 
the  following  conditions : 

Maximum  Demand — The  maximum  demand  of  the  con- 
sumer shall  be  the  highest  registration  during  any  fifteen- 
minute  period  of  each  month  as  determined  by  a  maximum  de- 
mand indicator  or  meter. 

Miiiiinum  Charge — The  above  schedule  is  subject  to  a  mini- 
mum monthly  charge,  based  on  installation  as  follows : — The 
first  25  hp  (or  fraction  thereof)  of  connected  load  at  $1.00  per 
hp,  net;  the  next  25  hp  (or  fraction  thereof)  of  connected  load 
at  75c  per  hp,  net;  excess  of  50  hp  of  connected  load  at  50c  net. 


Shading  Coils  for  Single-Phase  Magnets 


R.  T.   KiNTZING 

Industrial  Engineering  Dept. 
Westinghouse  Electric  &  Mfg.  Company 


IN  A  polyphase  alternating-current  magnet  the  pull  is 
continuous,  since  the  voltages  impressed  upon  sep- 
arate phases  of  the  winding  overlap  each  other  in 
such  a  way  that  there  is  always  some  excitation  on  the 
magnet.  On  the  other  hand,  in  a  single-phase  magnet, 
without  some  modifying  feature,  the  pull  is  propor- 
tional at  all  times  to  the  instantaneous  value  of  the 
exciting  current  and  reaches  zero  twice  every  cycle.  The 
result  is  that  if  the  magnet  is  pulling  against  a  resisting 


FIG.   I — DI.\GRAM  OF   SINGLE-PH.ASE   MAGXET  .\XD  FLUX 
RELATIONS 

The  shading  coil  is  a  single  turn  of  conducting  material  fit- 
ting into  a  slot  in  the  pole  face  as  indicated,  and  then  turned  on 
edge  and  bent  ar.iund  three  sides  of  the  pole. 

force  it  starts  to  open  every  time  the  pull  reaches  zero. 
The  mass  of  the  moving  part  is  usually  large  enough  to 
prevent  complete  opening  during  this  small  interval  of 
time,  but  there  is  enough  movement  to  cause  severe  chat- 
tering and  noise. 

To  produce  a  relatively  quiet  single-phase  magnet, 
the  problem  then  is  to  obtain  the  equivalent  of  polyphase 
magnetic  conditions  with  single-phase  excitation.  This 
has  been  accomplished  by  the  use  of  a  shading  coil  or 
short-circuited  winding  placed  around  part  of  the  pole 
face.  This  winding  usually  consists  of  a  single  turn  of 
high  conductivity.  The  current  induced  in  this  shading 
coil  by  the  alternating  magnetic  flux  set  up  by  the  excit- 
ing winding  produces  a  flux  in  that  part  of  the  magnetic 
circuit  surrounded  by  the  shading  coil  which  is  out  of 
phase  with  the  main  flux.  The  combination  of  these  two 
f!uxes  produces  a  pull  which  never  reaches  zero. 

Examples  of  the  use  of  shading  coils  on  single-phase 
magnets  may  be  found  on  low-voltage  release  mechan- 
isms for  starting  rheostats,  auto-starters  and  oil 
switches,  on  magnetic  contactors  and  relays,  and  on 
alternating-current  brake  magnets.  The  same  principle 
is  also  employed  in  starting  small  single-phase  motors. 

The  following  explanation  shows  more  in  detail  the 
flux  relations  in  the  magnetic  circuit.  Referring  to  Fig. 
I  : — Let  the  line  OA  =  0m  represent  the  magnitude  and 


direction  of  the  instantaneous  flux  set  up  by  current  in 
the  magnet  coil.  This  flux  generates  an  induced  voltage 
in  the  shading  coil,  lagging  90  deg.,  and  in  the  direction 
of  line  AB.  The  circuit  of  the  shading  coil  contains  re- 
sistance and  a  small  amount  of  inductance.  The  effect 
of  the  inductance  is  to  cause  the  shading  coil  current  to 
lag  behind  the  voltage  which  produces  it.  It  may,  there- 
fore, be  shown  in  direction  by  the  line  AE  which  lags 
behind  voltage  AB  and  by  the  angle  X. 

The  flux  08  set  up  by  the  shading  coil  current  is  in 
phase  with  this  current  and  may  be  represented  in  mag- 
nitude and  direction  by  the  line  AC.  The  flux  through 
that  part  of  the  pole  face  surrounded  by  the  shading 
coil  is  the  resultant  of  the  flux  0m  and  0s.  It  therefore 
lags  behind  the  flux  0m  by  the  angle  Y. 

The  effect  of  the  shading  coil  is,  therefore,  to  split 
the  magnetic  flux  into  two  components  which  are  out  of 
phase.  When  the  flux  across  one  portion  of  the  pole 
face  changes  direction  or  passes  through  zero  there  is 
enough  flux  across  the  other  portion  to  hold  the  magnet 
closed  and  to  prevent  chattering. 

Fig.  2  shows  graphically  the  phase  relations  of  the 
fluxes  passing  through  the  pole  face  and  the  shape  of 
the  pull  curve.  Referring  to  Fig.  2 : — Curve  A  shows 
the  flux  in  the  shaded  part  of  the  pole  face  produced  by 
the  exciting  winding.     Curve  B  shows  the  flux  in  the 


!IG.  2 — FLUX  DI.\GRAM  AND  PULL  CURVE  FOR  ALTERNATING-CURRENT 
MAGNET  WITH   SHADING  COIL 

shaded  part  of  the  pole  face  produced  by  current  in  the 
shading  coil.  This  flux  lags  behind  flux  A  by  a  little 
more  than  90  deg.  Curve  C  shows  the  resultant  flux  in 
the  shaded  part  of  the  pole  face  and  is  obtained  by 
adding  fluxes  A  and  B.  Curve  D  shows  the  flux  in  the 
unshaded  part  of  the  pole  face  produced  by  the  exciting 
winding.  Curve  E  shows  the  shape  of  the  pull  curve 
and  is  proportional  to  the  sum  of  fluxes  C  and  D,  ex- 
cept that  all  values  of  pull  are  positive  and  independent 
of  the  direction  of  flux. 


The  Engineering  Evolution  of  Electrical 

Apparatus — XVI 

THE   EVOLUTION    OF   THE    SWITCHBOARD— (Concl.) 

B.  P.  RowE 

Switchboard  Engineer 

Westinghoiisc  Electric  &  Mfg.  Company 


THE  DEVELOPMENTS  in  switchboard  construc- 
tion since  the  year  1900  have  been  influenced 
largely  by  the  changes  in  switching  devices,  and 
the  increased  amounts  of  energy  to  be  controlled.  The 
earlier  large  generating  stations,  such  as  the  Kings- 
bridge  Power  House  at  New  York  City,  and  the  Mas- 
sena  Power  House  of  the  St.  Lawrence  Construction 
Company,  which  had  airbrake  switching  devices,  with 
fire-proof  barriers  and  compartments  to  isolate  con- 
ductors and  accessories,  were  followed  by  other  plants 
like  that  in  the  original  Pratt  street  generation  station 
in  Baltimore  and  the  many  sub-stations  of  the  Metro- 
politan Street  Railway,  Now  York,  in  which  type  "C" 


FIG.    40 — AI,TERN.\TING-CURRI:NT    CONTROL    BENCHBOARD    AND 
INSTRUMENT    PANELS,    I9II 

Showing  a  novel  construction  adopted  where  it  was  desir- 
able to  use  a  benchboard  of  band-operated,  remote-control 
switching  equipment.  A  set  of  miniature  bus-bars  on  the  top 
of  the  bench  with  indicating  lamps  serves  as  a  diagram  of  the 
main  station  connections.  .'\  full  view  of  the  station  is 
afTorded  through  the  space  beneath  the  meter  panels. 

oil  circuit  breakers  and  the  cellular  fire-proof  construc- 
tion were  used.  The  plant  at  Baltimore  passed  through 
the  great  Baltimore  fire  and  was  ready  for  operation  as 
soon  as  it  was  safe  for  employees  to  gain  access  and 
connect  up  new  circuits  from  the  outside. 

Control  from  a  central  point,  originating  in  the 
Niagara  plant,  developed  the  bench  board  with  instru- 


ment rail,  such  as  used  at  the  Kingsbridge  Power  Plant 
and  St.  Lawrence  Construction  Company,  even  though 
the  actuating  power  in  these  plants  was  compressed  air, 
controlled  by  electro-magnetic  needle  valves.  The  plant 
at  Baltimore,  and  similar  plants  in  which  type  "C"  oil 
circuit  breakers  were  installed,  were  controlled  from 
auxiliary  direct-current  supply  circuits  which  operated 
the  solenoids  of  the  oil  circuit  breakers  through  control 
switches  directly.  However,  in  some  of  these  plants,  like 
that  in  Baltimore  and  the  United  Electric  Light  &  Power 
Company  of  St.  Louis,  pedestal  control  was  installed 
for  the  generators,  being  again  a  modification  of  the  old 
scheme  used  at  Niagara  Falls.  The  meters  at  these  two 
plants,  as  well  as  the  plant  at  Massena,  were  on  orna- 
mental instrument  posts,  composing  part  of  the  rail  of 
the  switchboard  galley.  This  type  of  construction  has 
been  favored  by  a  large  number  of  operators  and  engi- 
neers who  believe  that  the  switchboard  attendant  should 


110.   41    -CIKUUL.XK    111.;.,  Ill  1  ..i;ii   ANU   INSTRUMENT   PANELS 

be  able  to  stand  behind  his  bench  board  or  control  ped- 
estal, and  be  able  to  watch  his  generator  meters,  while 
at  the  same  time  he  is  afTorded  a  full  view  of  the  engine 
room  floor,  by  looking  beneath  his  instrument  posts. 
This  construction  is,  therefore,  still  good  practice  in 
many  modern  stations. 

However,  there  are  still  other  engineers  in  charge  of 
very  large  power  systems  who  have  found  that,  where 
the  load  dis]>atchiiig  and  maintenance  of  service  de- 
mand keen  thought  ami  very  active  presence  of  mind 
and  alertness  on  the  part  of  an  operator,  it  is  the  best 
policy  to  enclose  the  operating  gallery  entirely  so  that 
his  attention  will  not  be  distracted  by  sights  and  sounds 
in  the  engine  room.  In  this  case  he  relies  entirely  on 
the  instruments  in  view  and  visual  signals,  his  condition 
being  analogous  to  that  of  a  train  dispatcher.  This  is 
the  principle  adopted  in  the  plant  of  the  Ontario  Power 
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Company,  as  well  as  the  Pennsylvania  Railroad  plant  at 
the  end  of  the  Long  Island  tunnel,  and  many  others. 
The  use  of  isolated  control  pedestals  numbered  to  cor- 
respond with  generators  or  circuits  which  they  control 
is  advocated  by  many  who  contend  that  it  conduces  to 
safety  and  prevents  confusion,  because  there  is  not  as 


with  the  early  ones  just  mentioned,  and  have  become 
even  more  popular  as  oil  switching  devices  have  devel- 
oped to  greater  perfection.  This  scheme  has  been  espe- 
cially adapted  to  sub-stations,  outdoor  stations,  and 
I-lants  of  small  and  medium  size.     On  account  of  the 
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FIG.  42 — BENCHBOARD  AND  INSTRUMENT  PANEL  WITH   VERTICAL  EDGEWISE 

METERS    TO   CONDENSE   THE   EQUIPMENT    AND    MAKE    USE 

OF    A    SHORTER    DESK 


FIG.     43 — TYPICAL     GENER- 
ATOR CONTROL  PEDESTAL 


much  danger  of  an  operator  manipulating  the  wrong 
circuits  as  when  the  control  apparatus  is  crowded  on  a 
bench  board.  In  order  to  avoid  this  liability  of  confu- 
sion, and  to  render  bench  boards  more  simple  to  oper- 
ate, systems  of  miniature  bus-bars  on  the  face  of  the 
control  bench  were  inaugurated  by  Mr.  L.  B.  Stillwell 
while  connected  with  the  plants  at  Niagara  Falls.  This 
innovation  was  used  at  the  St.  Lawrence  plant  at 
Massena,  the  Kingsbridge  plant,  the  Ontario  plant,  and 
many  others,  and  is  still  much  favored.  The  systems  of 
this  general  type  have 
from  their  inception 
used  signal  lamps  to 
indicate  the  open 
closed  con  dition 
switching  devices 
being  naturally  t 
simplest  form  of  indi- 
cation. 

Many  c  o  nditions 
arose  after  the  cell 
type  oil  circuit  break- 
ers were  put  in  ser- 
vice where  the  station 
did  not  demand  aux- 
iliary power  control, 
but  where  the  switch- 
ing devices  must  be 
remotely  controlled.  The  use  of  han<l-o])erated  oil 
switching  devices,  operated  through  bell  cranks  and 
levers,  was  devised  to  provide  for  such  conditions,  and 
plants   of   this   kind    were   installed   contemporaneously 


IIG.    44 — TYPICAL    INSTRU- 
MENT  POST 

This  particular  p  cs  t 
has  phig  sockets  con- 
nected to  the  meter  wires 
to  enable  the  meters  to 
be  tested  in  place,  the 
standard  meters  being 
supplied  with  cable  leads 
and  plugs  to  fit  the  plug 
sockets. 


FIG.    45 — AI.TERN.\TING-CURRENT    SWITCHBOARD    GALLERY,    I90S 

Showing  the  equipment  of  control  pedestals  and  instrument  posts 
installed  in  the  switching  station  of  the  Ontario  Power  Company.  The 
pedestals  are  equipped  with  miniature  bus-bars  and  indicating  lamps  to 
aid  the  operator.  Each  pedestal  controls  one  generator  and  a  bank  of 
transformers  with  its  outgoing  feeder,  provision  being  made  by  junction 
switches  to  operate  them  in  parallel  if  desired.  All  of  the  switching 
equipment,  as  well  as  the  watthour  meters  and  relays,  arc  located  in  other 
rooms  on  the  floor  below. 


great  opportunity  for  remov- 
ing high  -  tension  conductors, 
switching  devices,  oil  and  ac- 
cessories from  the  switchboard 
panels,  thus  rendering  every- 
thing more  safe,  neat  and  accessible,  as  well  as  pro- 
viding greater  chance  for  good  insulating  distances  and 
isolation  of  apparatus  if  desirable,  this  construction  is 
by  far  the  very  best  devised  for  small  plants.  Good 
engineering  has  demanded  that  all  switching  devices  and 

conductors  be  located 
remote  from  the 
panels  in  order  that 
the  complicated,  un- 
sightly and  sometimes 
unsafe  conditions  fre- 
quently seen  in  the 
rear  of  switchboards 
having  all  apparatus 
supported  on  the  rear 
of  the  panels  may  be 
avoided.  T  h  erefore, 
since  the  year  1900, 
nuich  has  been  done 
to  accomplish  this 
end.  In  order  that 
the  cheapest  construc- 
tion might  be  p  r  o  - 
vidcd  with  all  of  ilie  advantages  enumerated,  switching 
devices  and  accessories  were  often  mounted  on  the  sta- 
tion wall  in  the  rear  of  the  panel  board,  the  bus-bars  and 
connections  being  located  above  the  switching  devices. 
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In  this  case  the  only  extra  expense  involved  is  the  gas 
pipe  for  operating  levers  and  a  small  amount  of  wire 
for  meter  and  control  leads.  As  the  apparatus  is 
mounted  on  the  station  wall  once  and  for  all,  this  con- 
struction should,  in  the  end,  be  cheaper  than  the  old- 
fashioned  panel  switchboard,  because  the  purchaser  in 
such  a  case  has  to  pay  the  manufacturer  for  setting  up 
and  connecting  up  this  apparatus  at  the  factory,  and 
erecting  necessary  supports  and  details  on  the  rear  of 


frame  work  of  iron  pipe  to  hold  the  switching  devices 
and  conductors,  instead  of  mounting  them  on  the  wall. 
This  construction  is  sometimes  absolutely  essential. 
Many  plants  involving  both  types  of  construction  were 
installed  during  the  decade  from  1900  to  191  o. 

The  introduction  of  the  various  types  of  control 
stands,  pedestals  and  posts,  as  well  as  the  difficulty  in 
securing  large  numbers  of  Blue  Vermont  or  other  mar- 
ble slabs  sufficiently  similar  in  color  and  appearance, 
caused  much  attention  to  be  given  to  the 
matter  of  standardizing  the  finish  of  switch- 
boards and  apparatus.  It  was  .soon  decided 
by  several  manufacturers  that  a  uniform 
dead  black  was  the  neatest  and  best  finish 
readily  obtainable  for  apparatus,  and  this 
linish  was  adopted  in  general  as  being 
standard  for  apjiaratus,  except  polished 
current-carrying  parts.  On  account  of  the 
j,d()ssy  surface  jircsented  by  the  Ijlack  enani- 


nC.   46 — .\LTKRN.M'INO-CURREXT    IJUS-BAR   STRUCTUKK.    UJU 

This  2200  volt,  two-phase  ctiuipment  is  part  of  a  haiid-opcratt-d 
remote-control  system,  and  illustrates  one  method  employed  for  install- 
ini;  bus-hars  and  copper  connections  to  the  oil  switching  devices.  Kvery 
oil  circuit  breaker  is  mounted  in  a  cell  and  connected  to  the  bus-bars 
through  disconnecting  switches.  The  bus-bars  on  the  ceiling  are  sep- 
arated by  flame-proof  barriers. 


FIG.  47 — FRONT  VIEW  OF  HAND-OPERATED,  REMOTE-CONTROL  SWITCHBOARD,  lyo8 

The  oil  switching  devices  were  moimtcd  on  a  gas  pipe  framework 
directly  in  rear  of  the  i)anels.  The  bell  cranks  and  levers  are  frequentlv 
mounted  on  the  floor,  as  shown,  when  no  basement  is  available  below. 
The  framework  also  supports  the  current  transformers  and  auxiliary 
devices. 

his  i«inels,  often  necessitating  care  and  expense  on 
account  of  the  limited  space,  and  afterward  this  work 
must  all  be  done  over  again  at  destination. 

A  more  expensive  modification  of  this  construction 
was  introduced,  and  is  still  in  favor,  which  provides  a 


FIG.   48 — END   VIEW   OF   REMOTE-CONTROLLED   SWITCH- 
BOARD SHOWN  IN  FIG.  47 

False  flooring  over  control  mechanism  not  shown. 

eled  panels,  and  the   fact  that  the  surface 
showed  all  scratches  and  abrasions,  a  new 
dead    black    finish,    called    "black    marine," 
was  developed  for  panels  to  match  the  fin- 
ish of  the  apparatus.     This  finish  has  been 
since  .idoiited  as  standard,  and  can  be  easily 
■  ipplied  to  either  marble  or  slate.     Since  it 
always  presents  a  good  appearance  in   an 
oily  station,  it  has  become  a  general  favorite 
for  central  stations.     Black   Monson  slate, 
with  an  oiled  finish,  is  a  close  rival.     This 
slate   is  a  natural  black   slate,   uniform   in 
color,  and  its  appearance  when  oiled  is  so  near  to  that 
ot  the  black  marine  finished  panels  just  described  that 
a   close  inspection   is   sometimes   necessary   to   tell   the 
uitTcrence.      The   panels   with    dead   black    finish   have 
come  into  general  use  and  have  eliminated  much  dififi- 
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FIG.    49 — A    ROW    OF    ELECTRICALLY-OPERATED    OIL    CIRCUIT    BREAKERS 
IN    CONCRETE   CELLS,    I908 

culty  where  matching  was  formerly  a  source  of  trouble 
and  expense. 

Provisions  for  continuity  of  service  began  to  require 
special  attention  about  the  year  1900,  as  plants  became 
larger  and  burn-outs  more  disastrous.  For  this  reason 
many  plants  were  installed  having  duplicate  systems  of 
bus-bars  and  double-throw  systems.  The  use  of  group 
switches  to  control  several  feeder  circuits  was  also  in- 
troduced. This  requirement  also  developed  the  demand 
for  disconnecting  knife  switches  to  isolate  bus-bars,  oil 

switching 


»< 


3 


(a)  (bj  (c)  (d) 

FIG.    51 — CONDENSER  BUSHINGS,    I908-I915 

This  type  of  bushing  is  used  for  transformer  and  oil  circuit 
breaker  leads,  wall  and  roof  bushings  and  any  other  similar 
applications.  For  very  high  voltages  the  tops  are  supplied  with 
corona  rings,  (a)  Condenser  as  taken  from  winding  machine. 
(b)  Same  terminal  turned  and  ready  for  varnishing,  (c)  As- 
sembled with  flange  and  micarta  tube  for  indoor  service,  (d) 
Assembled  with  flange  and  porcelains  for  outdoor  service. 


devices  or  other  apparatus.  The  introduction  of  oil  circuit  breakers 
was  largely  responsible  for  the  universal  adoption  of  some  form  of 
disconnecting  switch  in  large  equipments.  This  was  done  so  that 
any  circuit  breaker  could  be  disconnected  from  the  bus-bars  when 
oil  tanks  were  to  be  removed  or  contacts  inspected  without  inter- 


FIG.   50 — REAR  VIEW  OF  AN   OIL  CIRCUIT  BREAKER 
STRUCTURE 

\\'ith  disconnecting  switches  and  conductors 
in  place. 


FIG.   52 — TYPICAL  OUTDOOR   SUB-STATION,   I914 

rui)ting  the  general  service.  Disconnecting  switches  were  used,  how- 
ever, in  the  earliest  installations  for  various  purposes.  They  were 
first  introduced  in  the  transmission  lines. 

The  first  line  switches  the  writer  saw  were  not  for  opening  a  cir- 
cuit, but  were  in  the  overhead  line  construction  at  the  ends  of  a  turn- 
out on  the  old  double  trollev  system  of  the  Daft  Railway.     These 
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were  like  huge  spider  webs,  fearfully  and  wonderfully 
made,  and  served  to  switch  the  small  four-wheel  trolleys 
from  the  main  trolley  wires  to  the  overhead  siding.  They 
were  a  replica  in  copper  of  the  tracks  below,  opposite 
conductors  insulated  for  500  volts  and  the  switch  points 


as  to  the  importance  of  common  sense  rather  than  great 
technical  ability  in  matters  of  design.  This  plugging 
device  was  undoubtedly  the  predecessor  of  the  street 
car  hood  switch.  The  next  use  of  the  disconnecting 
switch  was  as  a  link  in  an  overhead  line,  to  sectionalize 


FIGS.   53   .\ND  54 — 2300/ 1  I  000  VOI.T   REMOTE-CONTROI,   H.'^ND-OPERATED    SUB-STATION    SWrrCHBOARD    EQUIPMENT,    I9I4 

The  equipment  shown  is  typical  of  many  of  the  most  modern  installations  and  shows  the  II  coo  volt  incoming  line  oil  cir- 
cuit breakers  installed  in  cells  with  the  high-tension  bus-bars  in  a  masonry  structure.  After  the  current  passes  through  the 
transformers  it  is  distributed  by  the  hand-controlled  oil  circuit  breakers  shown  at  the  left.  The  horizontal  bus-bars  are  installed 
between  barriers  connected  by  open  wiring  to  the  distributing  circuit  breakers. 

Fig.  54  shows  the  detailed  construction  of  part  of  the  equipment  seen  in  Fig.  53.  The  small  terminal  boards  at  the  bottom 
of  the  panel  switclilioards  are  for  the  small  wiring  just  above  the  conduit  outlets.  The  advantage  of  the  remote  control  structure 
in  rendering  the  rear  of  the  panels  accessible  and  eliminating  unsightly  accessories  is  apparent. 


operated  by  cords  from  the  poles  at  the  curb  line.  The 
trolleys  ran  on  top  of  the  two  trolley  wires  and  were 
connected  to  the  car  by  a  flexible  two-conductor  cable. 
One  day,  it  was  said,  as  the  conductors  at  the  poles  were 
pulling  the  cords  to  switch  their  respective  miniature 
overhead  cars,  a  corner  loafer  remarked,  "The  blamed 
fools! — why  don't  they  swap  their  trolleys?"  As  the 
"super"  was  aboard  and  caught  the  idea,  the  switches 


the  line.  It  was  generally  mounted  on  a  pole.  As  noted 
in  the  description  of  the  early  railway  switchboards,  a 
disconnecting  knife  switch  was  early  installed  in  series 
with  the  carbon  circuit  breaker  as  a  means  of  discon- 
necting the  circuit.  The  disconnecting  switch  was  for  a 
like  reason  made  an  adjunct  to  an  installation  of  oil  cir- 
cuit breakers,  and  some  of  the  early  types  of  oil  breakers 
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riG.    55— CONTROL   GALLERY    FOR    ELECTRICALLY-OPERATED    SWITCHING 
EQUIPMENT,    I9I4 

This  gallery  is  a  good  example  of  a  modern  installation. 
Three  benchboards  are  shown,  as  well  as  a  panel  switchboard, 
for  the  low  potential  station  auxiliary  circuits.  The  bench- 
board permits  the  concentration  of  the  control  of  large  numbers 
of  circuits  into  a  small  space  and,  by  the  use  of  miniature  bus- 
bars and  indicating  lamps,  the  operator  can  readily  perceive  at 
a  glance  the  condition  of  his  system. 

soon  came  down  and  the  trolley  cables  were  connected 
to  plugging  devices  in  the  car  hood  and  the  overhead 
trolleys  "swapped"  thereafter.  This  made  a  wonderful 
impression  on  the  writer,  who  was  then  a  young  fellow, 


FIG.   56 — CONTROL  DESK   OR  BENCHBOARD,    I914 

This  is  one  of  those  benchboards  which  provides  for  both 
meters  and  control  switches,  and  encloses  a  chamber  or  com- 
partment in  which  the  small  wiring  and  accessories  are  located. 
The  rear  is  made  up  of  latticed  panels  or  grill  work.  The 
meters  are  the  seven-inch  type  and  lend  themselves  to  a  very 
compact  arrangement. 

had  the  switch  as  an  integral  part  of  the  circuit  breaker. 

These  disconnecting  switches  were  not  intended  to 

open  a  circuit.     Some  of  the  first  indoor  high-tension 

disconnecting    switches    were    simple    knife    switches. 
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operated  by  a  hook  stick,  and  these  have  been  in  vogue 
ever  since.  They  have  been  designed  for  all  voltages 
for  which  switching  devices  can  be  supplied,  and  for  all 
sorts  of  locations.  One  form  for  ceiling  installation  de- 
manded a  latch  to  hold  the  blades  closed.    It  was  found 


switchboard  and  incoming  line  control  apparatus,  all  lo- 
cated in  a  car,  so  that  it  could  be  placed  at  any  con- 
venient point  on  an  electric  railway  transmission  system 
and  supply  direct  current  to  the  trolley  line.  It  was  the 
logical  successor  of  the  direct-current  booster  system, 


FIG.   57 — 1 1  000  VOLT  BUS   STRUCTURE  ENTIRELY  ENCLOSED,    I9I4 

The  bus-bars  in  this  installation  are  entirely  enclosed  in 
cells,  access  being  possible  through  fire-proof  doors.  This  is  a 
favorite  construction  in  many  heavy  capacity  plants. 

desirable  on  many  other  switches  of  this  type  to  provide 
latches  where  heavy  short-circuits  were  liable  to  throw 
the  blades  open,  as,  for  instance,  for  bus  junction 
switches. 

During  the  decade  from  1900  to  1910  the  rotary  con- 
verter portable  sub-station  was  developed  and  put  into 

service  on  many  large  sys- 
tems. This  consisted  of 
the  rotary  converter  and 
its  step-down  transform- 
ers, together  with  a  panel 


IIG.   60 — II  000    VULT    SWITCHING    EyUIPMENT    COMPLETELY 
ENCLOSED,    I914 

The  oil  circuit  breakers  are  in  concrete  cells  with  fire-proof 
doors.  The  bus-bars  and  disconnecting  switches  are  located 
above  the  structure. 

and  is  very  convenient  for  supplying  temporary  power 
for  use  in  connection  with  trolley  service  to  parks,  race 
tracks  or  other  places  where  the  usual  conditions  do  not 
warrant  the  location  of  permanent  equipment  or  expen- 
sive direct-current  conductors.  During  this  period  the 
development  of  large  water  powers  in  the  western  states 
assumed  larger  importance,  and  during  1906-7  the  West- 
inghouse  Company  designed  and  built  the  switchboard 
equipment  for  the  Helena  Power  Transmission  Com- 
pany, to  operate  at  70  000  volts — the  highest  operating 
voltage  which  had  been  provided  for  up  to  that  time. 


FIG.    58 — 1 1  000   VOLT    OIL    CIR- 
CUIT  BRE.\KERS   AND   ALL  CON- 
NECTIONS    SEMI-ENCLOSED     IN 
FIRE-PROOF    CELLS,    I9I4 

A  good  example  of  the 
means  often  taken  to  com- 
pletely isolate  all  opposite 
phases  of  a  system  when 
large  amounts  of  energy  are 
involved  or  the  continuity 
of  service  is  a  vital  consid- 
eration. The  oil  circuit 
breakers  are  shown  at  the 
bottom  of  the  structure,  all 
connections,  d  i  s  connecting 
switches,  current  transform- 
ers and  bus-bars  being  lo- 
cated between  barriers  in 
the  compartments. 
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FIG.    59 — FRONT   AND   REAR   VIEWS    OF    75O   VOLT    RAILWAY    SWITCHBOARD,    I9I4 

This  switchboard  is  one  of  the  most  modern  for  heavy  capacities.  The  use  of  laminated 
studs  on  the  switches  and  circuit  breakers,  and  the  copper  connections  required  therewith,  are 
noticeable  features.  The  rheostats  are  sprocket  operated  and  located  remote  from  the  panels. 
This  simplifies  the  rear  of  the  switchboard  and  improves  the  appearance. 
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As  the  commercial  demand  for  longer  transmission 
lines  and  consequent  higher  voltages  became  more  pro- 
nounced, due  to  the  development  of  large  hydro-electric 
plants,  the  manufacturers  of  porcelain  insulators  be- 
came more  expert  and  the  development  of  various  forms 
of  line  insulators  kept  pace  with  the  requirements.  On 
the  other  hand,  the  high  voltages  made  it  more  difficult 
than  ever  to  provide  properly  insulated  terminals  to  con- 
duct the  current  in  and  out  of  high  potential  apparatus. 


eluding  70  000  volts.  At  this  stage  it  began  to  be  a 
problem  as  to  how  the  leads  could  be  best  constructed 
to  provide  for  the  contemplated  increase  to  88  000  and 
1 10  000  volts.* 

In  the  fall  of  1905  Mr.  James  C.  Dow,  an  operating 
engineer  for  the  Helena  Power  Transmission  Company, 
had  done  some  experimenting  along  that  line.  As  the 
W'estinghouse  Company  was  then  developing  some 
switching  apparatus   for  these  high   voltages,  arrange- 


FIG.   61 — 1 1  000   VOLT   SWITCHING   EQUIPMENT   WITH    OPEN 
WIRING,   I9I4 

This  is  a  typical  example  of  the  open  wiring  installed  in  a 
station  complete  with  disconnecting  switches,  bus-bars,  and 
choke  coils  for  outgoing  lines.  Such  an  installation  is  suitable 
where  no  large  amounts  of  energy  are  involved  and  a  large 
number  of  small  capacity  circuits  must  be  controlled.  It  is 
obvious  from  this  illustration  that  it  is  often  very  essential  that 
the  switching  equipment  be  laid  out  and  provided  for  in  the 
building  of  the  station  rather  than  left  to  be  installed  without 
adequate  provision. 


IIG.  62 — II  000  VOLT  CONTROL  C.\LLERY  FOR  H.-\ND  AND  ELECTRIC.\LLV 
OPERATED  SWITCHING  EQUIPMENT,   I914 

The  novel  arrangement  shown  in  the  illustration  controls  a 
set  of  generators  with  exciters  and  feeders,  using  a  double  bus 
system.  The  generator  and  feeder  panels  set  in  the  wall  are 
separated  and  each  is  numbered.  There  is  little  likelihood  of 
an  operator  manipulating  the  switches  for  the  wrong  circuit. 
The  control  desk  provides  a  means  for  quickly  determining  the 
condition  of  all  main  circuits,  as  it  has  a  set  of  miniature  bus- 
bars with  indicating  lamps.  It  does  not  control  the  main 
switches. 

Porcelain  bushings  were  early  employed.  Then  extra 
insulation  of  various  kinds  was  used  on  the  leads  to  sup- 
plement the  porcelain.  \'arnished  cloth  and  various  im- 
pregnated materials  were  used  for  voltages  up  to  and  in- 


tlG.   63 — II  000  VOLT    SWITCHING   EQUIPMENT    WITH    DOUBLE   SET   01- 
BUS-BARS  IN  CELLS  AND  OPEN   WIRING,   I9I4 

The  illustration  shows  an  installation  in  which  oil  circuit 
breakers  and  bus-bars  are  placed  in  cells,  but  the  wiring  and 
current  transformers  are  not  enclosed.  This  does  not  afford  as 
complete  isolation  as  where  everything  is  in  cells,  but  is  very 
good  practice  where  ample  air  distances  can  be  secured  between 
conductors. 


FIG.    64 — 33000    VOLT    SWITCHING    EQUIPMENT    WITH    OPEN    WIRING 
AND  HAND-OPERATED  REMOTE  CONTROL,   I9I4 

Showing  a  typical  sub-station  equipment  with  bus-bars  sus- 
pended from  the  ceiling  and  with  all  other  apparatus  mounted 
on  pipe  structure.  Bell  crank  levers  are  shown  for  operating 
the  oil  circuit  breakers  from  small  isolated  panels. 

nients  were  made  with  Mr.  Dow  to  come  to  Pittsburgh, 
ihc  preliminary  work  done  by  him  was  taken  up  by 
Mr.  A.  B.  Reynders,  who,  after  a  series  of  experiments. 


♦Various  stages  in  the  development  of  the  high-tension  ter- 
minal are  illustrated  in  article  VII  of  this  series.  Figs.  12  to  16. 
pp.  480  to  483,  of  the  Journal  for  Sept.,  1914. 
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developed  the  condenser-type  terminal  bushing,  which 
has  made  it  possible  to  revolutionize  high-tension 
switchboard  apparatus,  and  provides  means  whereby 
terminals  can  be  provided  for  any  voltage  for  which  line 
insulation  may  be  obtained.  Thus  has  the  switchboard 
been  able  to  keep  up  with  the  developments  in  other 
lines,  and  the  condenser  terminal  marks  another  mile 
post  in  its  development. 

During  1909-1910  the  oil  switching  devices,  trans- 
formers and  other  apparatus  were  designed  with  these 
bushings  for  voltages  up  to  and  including  no  000  volts, 
and  later  for  the  highest  operating  voltages  for  which 
line  insulators  and  transmission  systems  have  been  sup- 
plied. Direct-current  apparatus  was  manufactured  for 
service  up  to  and  including  I2Cmd  volts. 

Contemporaneous  with  the  development  of  the  con- 
denser type  bushing  has  been  the  invention  of  a  new 
insulating  material  known  as  "micarta,"  which  consists 
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FIG.   65 — 4400  VOLT,  THREE-PHASE   SWITCHING   EQUIPMENT,    I914 

This  equipment  is  typical  of  the  modern  4400  volt  high- 
tension  station.  The  oil  circuit  breakers  at  the  right  and  left 
are  electrically  operated  and  are  fitted  with  condenser  type 
bushings.  The  disconnecting  switches  and  main  connections 
are  supported  from  a  pipe  structure,  and  open  wiring  with 
ample  spacing  is  employed,  with  suspension  structure  for  the 
bus-bars  high  above  the  floor. 

of  light  wrappings  of  specially  treated  paper  and  special 
varnish,  built  up  under  great  pressure  at  high  tempera- 
ture, and  in  some  cases  impregnated  or  with  layers  of 
mica  interposed  for  high  voltage  service.  This  has  been 
a  great  improvement  for  many  switchboard  purposes. 

At  the  close  of  the  decade  from  1900  to  1910  the 
introduction  of  higher  transmission  voltages  had  re- 
sulted   in   the   installation    of   numerous   outdoor    sub- 


stations* with  their  acconipan)ing  switchboard  equip- 
ment. The  voltage  on  the  high-tension  systems  was  as 
high  as  no  000  volts  on  several  large  systems.  The  suc- 
cess of  the  apparatus  for  such  stations  was  largely  due 
to  the  improved  high-tension  bushings  for  incoming 
leads.  Inventions  in  moulded  material  have  also  con- 
triliuted  their  share  to  the  success  of  high-tension  in- 
stallations.    A  new  moulded  material  known  as  "Bake- 
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FIG.   66 — INSTRUMENT   PANELS,    I9I4 

In  large  installations  it  is  frequently  advantageous  to  locate 
all  recording  instruments  on  a  separate  switchboard,  since  they 
are  only  consulted  at  intervals,  and  their  presence  with  the 
indicating  meters  would  take  up  too  much  valuable  space  and 
only  be  distracting  to  the  operator.  Relays  for  use  with  switch- 
ing devices  are  also  often  located  with  recording  instruments. 
One  of  these  panel  boards  containing  graphic  meters,  watthour 
meters  and  relays  is  shown  in  the  illustration. 

lite"  has  been  a  factor  in  this  development,  as  well  as 
some  moulded  mica  compositions. 

High-tension  built  up  porcelains  for  insulating  pur- 
poses were  also  made  available  for  service  up  to  and 
including  iioooo  volts.  In  addition,  the  suspended 
type  insulators  of  the  "dinner  gong"  type  were  intro- 
duced, both  indoors  and  outdoors,  for  suspending  con- 
ductors from  iron  towers  or  structural  work.  By  means 
of  strings  of  these  insulators  the  possibility  of  exces- 
sively high  transmission  voltages  and  the  success  of 
high-tension  power  house  wiring,  as  well  as  outdoor 
sub-stations,  was  assured. 

The  development  of  switchboard  equipment  be- 
tween the  years  1910  to  191 5  has  been  largely  improve- 


-ELECTRICALLV-OPERATED    EXCITER    SWITCHBOARD,    I9I4 

a  large  electrically-operated   switchboard   equipment. 


*A  paper  presented  before  the  American  Institute  of  Elec- 
trical Engineers  in  1909  by  Mr.  K.  C.  Randall  contained  much 
general  information  regarding  the  advantages  of  these  installa- 
tions. 


FIG.   6/- 

With 
the  switches  for  the  exciters,  as  well  as  the  field  rheostats,  must 
often  be  electrically  operated.  The  rheostats  are  usually  self- 
contained  and  provided  with  motor-operated  face  plates.  The 
illustration  shows  a  switchboard  for  control  of  exciters  and 
alternator  fields  with  its  equipment  of  electrically-operated 
switching  devices  and  watthour  meters. 


4i6 


THE     ELECTRIC    JOURNAL 


ments  on  the  apparatus  and  designs  of  the  previous 
decade.  The  period  has  witnessed  the  installation  of 
many  heavy  capacity  power  plants  and  extensive  switch- 
board equipment,  but  there  have  been  no  radical  de- 
partures in  general  design  and  construction.  The  most 
notable  advances  introduced  by  the  Westinghouse  Com- 
pany  have  been   a  new   line  of   meters  approximately 


FIG.   68 OPERATING   GALLERY,    I914 

A  view  looking  at  the  operating  gallery  in  a  150000  volt 
generating  station.  The  operator  is  located  in  a  room  where  he 
cannot  see  into  the  generator  room  while  manipulating  his 
apparatus,  but  an  observation  balcony  is  provided,  as  shown,  so 
tliat  he  may  look  out  if  he  desires. 

seven  inches  in  diameter,  with  an  extra  long  scale,  as 
well  as  some  three-inch  and  five-inch  direct-current 
meters  for  very  small  service.  In  addition,  an  entirely 
new  and  improved  line  of  oil  circuit  breaking  devices 
and  relays,  with  new  disconnecting  switches  for  high 
voltages,  have  been  built.     The  operating  voltage  for 


FIG.  69 — 150000  VOLT  BUS-BAR  STRUCTURE,  I914 

The  high-tension  connections  are  made  of   i!4   inch  iron  pipe 
and  are  supported  by  suspension  type  insulators. 

transmission  systems  has  been  again  raised,  and  the 
year  1913-1914  witnessed  the  installation  of  high-tension 
apparatus  for  150000  volt  service  on  the  system  of  the 
Pacific  Light  &  Power  Corporation.    Much  of  the  com- 


mendable success  of  the  150000  volt  apparatus,  its  free- 
dom from  static  effects  and  noiseless  operation  is  due 
directly  to  the  high-tension  condenser  terminals  used  on 
the  apparatus,  as  well  as  the  use  of  special  micarta  in- 
sulating pillars  on  the  disconnecting  switches. 

.\  notable  instance  of  the  increase  in  direct-current 
operating  voltages  was  the  installation  of  1500  volt 
switching  ajjparatus  for  the  Piedmont  Traction  Com- 
pany, in  \orth  Carolina.  While  the  circuit-breaking 
devices  and  switches  for  this  service  were  simply  modi- 
fications of  the  750  volt  apparatus  as  to  actual  design, 
yet  it  was  necessary  to  provide  insulated  remote  con- 
trol operating  levers  and  to  mount  the  apparatus  so  that 
operators  could  not  come  in  contact  with  it.  A  number 
of  similar  installations  have  since  been  put  into  service. 

The  developments  of  the  past  five  years,  while  they 
do  not  comprise  such  important  and  radical  improve- 


FIG.   70 — 150000  VOLT   DISCONNECTING    SWITCH 

Of  the  type  shown  at  the  extreme  right  in  Fig.  69.  The 
suitcli  shown  in  the  illustration  is  one  of  a  large  number  which 
have  been  in  service  for  over  a  year  on  a  150000  volt  system. 
The  insulating  pillars  are  of  a  new  insulating  material  known 
as  micarta  and  were  designed  to  do  away  with  porcelain 
pillars,  heretofore  used  for  such  purposes.  These  micarta 
pillars  were  tested  at  375  000  volts,  and  are  light,  tough,  strong 
and  not  inflammable.  They  have  been  used  for  supporting 
liigh-tcnsion  series  ammeters  and  for  other  purposes  where 
licavy  fragile  porcelain  pillars  might  be  dangerous,  and  bid  fair 
to  hold  a  place  among  high-tension  insulators  comparable  with 
that  held  by  the  condenser  busliing,  as  they  can  be  supplied  for 
any  voltage.  The  metal  domes  in  which  the  switch  contacts  are 
located  serve  as  corona  rings.  The  switches  have  latches  to 
hold  tliem  closed,  and  springs  to  prevent  jar  in  opening.  They 
are  operated  by  a  wooden  pole. 

ments  as  were  on  record  for  the  years  immediately  pre- 
ceding, nevertheless,  have  made  possible  the  production 
of  better  and  more  reliable  apparatus  and  of  switchboard 
equipments  which  are  capable  of  safe  operation  on  any 
voltage  which  can  be  transmitted,  and  which  will  rup- 
ture safely  any  amount  of  energy  which  modern  power 
plants  are  able  to  produce. 


Reverse  Power  Relays 

DEVELOPMENT,    CONSTRUCTION    AND    APPLICATION 

Paul  MacGahan  and  B.  H.  Smith 

Detail  &  Supply  Engineering  Dept. 

W'estingliouse  Electric  &  Mfg.  Company 


THE  PROBLEM  of  developing  a  satisfactory  re- 
verse power  relay  for  transmission  lines  has  been 
one  of  the  most  important  in  all  of  the  field  of 
developmeni  bearing  upon  the  distribution  of  electric 
power.  As  a  great  many  prominent  engineers  and 
manufacturers  have  applied  themselves  to  this  question, 
considerable  progress  has  been  made.  It  might  appear 
at  first  thought  to  be  an  easy  matter  to  provide  a  relay 
which  would  trip  out  when  the  direction  of  power  is 


FIC.    I — APPLICATION    OF   REVERSE   POWER   RELAYS    TO   RECEIVING    END 
OF  PARALLEL  FEEDERS. 
A,  generating  station ;  B,  station  circuit  breakers ;  C,  possi. 
ble  ground  or  short-circuit ;  D,  sub-station  circuit  breakers  with 
reverse  power  relays ;  B,  sub-station. 

reversed;  the  first  idea  would  be  simply  to  place  con- 
tacts on  a  wattmeter  movement  Which  would  re- 
main open  while  power  flows  in  one  direction  and 
would  close  on  reversal.  However,  consider  the  most 
common  use  of  reverse  power  relays  as  applied  to  the 
circuit  breakers  at  the  receiving  ends  of  two  parallel 
transmission  lines,  Fig.  i,  where  two  parallel  lines  are 
used  in  order  to  minimize  the  possibility  of  interruption 
of  service.  If  one  of  the  lines  becomes  grounded  or 
short-circuited  at  C  power  will  flow  back  into  this  line 
from  the  sub-station  as  shown  by  the  arrow.  Power 
will  also  flow  to  this  fault  in  excessive  amount  from  the 
generating  station,  thus  actuating  the  overload  relays 
at  B.  The  reversal  of  power  at  D  should  trip  the  sub- 
station relays  on  the  aflfected  line  C,  and  not  on  the  good 
line.  Should  C  be  very  near  the  sub-station,  the  voltage 
will  be  very  low  and,  although  the  current  may  be  very 
high,  the  power  applied  to  the  relay  D  may  be  very 
small.  In  fact,  some  tests  recently  made  show  that  with 
short-circuits  near  the  sub-station  the  voltage  may  be  as 
low  as  one  percent  of  normal.  Further,  phase  distor- 
tions must  be  considered,  particularly  in  the  case  of 
short-circuits  from  one  line  to  ground  or  between  two 
lines  only,  in  a  three-phase  system.  These  short-circuits 
may  so  distort  the  relation  of  voltage  to  current  as  to 
cause  the  angle  of  lag  between  them  as  applied  to  any 
relay  to  be  almost  90  degrees,  and  consequently  there  is 
the  worst  possible  condition  for  torque  in  the  wattmeter 
relays — very  low  power-factor  and  very  low  voltage. 

Probably  one  of  the  first  relays  used  for  reverse 
power  tripping  had  a  wattmeter  movement  which  oper- 
ated contacts.  In  one  of  the  early  forms,  brought 
out  in  1899,  the  movement  was  the  same  as  in  the 
induction-type  indicating  wattmeter  of  the  same  period. 
There   was    a    movable   contact    arm    and    two    adjust- 


able "stationary"  contacts,  one  on  each  side  of  the 
movable  contact,  with  separate  adjustments  provided  to 
allow  different  settings  for  tripping  points  in  normal  or 
reverse  directions.  The  movement  was  controlled  by  a 
spring  of  considerable  strength  as  required  to  allow  set- 
tings of  from  zero  to  two  or  three  times  full  load.  No 
attempt  was  made  to  introduce  time  lag  or  damping, 
the  relays  acting  i)ractically  instantaneously.  The  poly- 
phase relay  consisted  of  two  elements  operating  on  the 
same  shaft  and  contacts.  The  advantage  of  the  use  of 
separate  single-phase  elements  for  polyphase  protection 
were  not  yet  understood  at  the  time  these  relays  were 
used — namely,  in  1899  to  1905. 

These  relays  were  found  to  be  entirely  inadequate  on 
account  of  insufficient  torque  when  short-circuits  caused 
the  voltage  or  power-factor  to  drop  to  low  values.  They 
proved  quite  conclusively  that  a  pure  "wattmeter",  relay 
would  not  serve  the  purpose.  Since-  that  time  some 
manufacturers  have  recently  again  taken  up  the  watt- 
meter type  for  use  as  a  reverse  relay,  but  with  very  poor 
success,  chiefly  due  to  the  same,  fundamental  causes, 
although  attempts  were  made  to  secure  improvement  by 
increasing  the  torque.    The  most  prominent  recent  relay 
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FIG.  2 CONNECTION   DIAGRAM   OF   EARLY   RELAY   WITH   DIFFERENTIAL 

WINDING 

of  this  type  uses  a  moving  coil  dynamometer-type  move- 
ment with  powerful  springs  and  an  ironclad  frame  or 
magnetic  circuit  to  still  further  improve  the  torque  con- 
dition. One  of  the  reasons  this  particular  form  of  relay 
failed  was  that  very  powerful  current  coils  were  used  in 
order  to  increase  the  torque.  When  the  excessive 
currents     due     to     short-circuit     conditions     flowed    in 
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these  coils,  thev  induced  a  voltage  in  the  moving  coil  laminations  A  and  B  were  in  such  relation  as  to  cause 
in  phase  with  the  line  currents  and  thus  generally  out  the  torque  in  the  movable  disk  to  be  proportional  to  the 
of  phase  with  the  line  voltages.  These  induced  voltages  square  of  the  current,  as  shown  in  Fig.  4,  the  terminal 
in  the  moving  coil,  when  superimposed  upon  the  very  block  E,  Fig.  2,  being  used  to  vary  the  current  set- 
low  voltage  applied  to  the  relay  by  the  voltage  trans-  tings  by  changing  the  number  of  turns  in  the  coil  D. 
formers  during  short-circuits,  so  disturbed  the  phase  When  voltage  was  applied  to  the  terminals  of  coils 
angle  of  the  moving  coil  as  to  cause  the  relay  to  operate  E  and  C  the  effect  was  to  shift  the  torque  curve  in 
incorrectly — that  is,  to  trip  out  when  it  should  not,  or  to  the  reverse  direction,  with  the  result  shown  in  Fig.  5. 
fail  to  trip  out  when  it  should.  Thus  this  relay  can  be  These  curves.  Figs.  4  and  5,  are  also  roughly  repre- 
sentative of  the  action  of  the  solenoid  type  reverse 
relays,  as  well  as  of  the  induction  type.  It  will  be 
understood  that  the  great  advantage  of  this  type  of  relay 
over  the  earlier  wattmeter  types  was  that  even  should 
the  voltage  or  the  power-factor,  or  both,  fall  to  zero,  the 
relay  would  become  a  plain  "excess  current"  relay,  and 
thus  trip  out  the  circuit  breaker.  Whereas  the  watt- 
meter relays  would  be  inactive  under  these  conditions, 
resulting  in  no  automatic  protection,  these  relays  would 
trip.  Their  difficulty  was,  of  course,  that  under  such 
conditions  they  could  not  discriminate  between  direc- 
tions of  power  flow  and  thus  would  trip  out  both  circuit 
breakers  at  the  sub-station  ends  of  parallel  lines.  But 
they  were  better  than  relays  which  under  conditions  of 
low  voltage  or  power-factor  would  not  trip  out  at  all, 
and  they  were  thus  used  satisfactorily  for  a  number  of 
years.  A  single-phase  relay  of  this  type  is  shown  in 
I'igs.  6  and  7,  and  Fig.  8  shows  the  internal  arrange- 
ment of  coils  and  disk.  The  action  under  varying 
power-factors  is  clearlv  shown  in  the  ])olnr  diagram. 
Fig.  9. 

These  relays  were  also  made  for  polyphase  work 
with  two  movements  operating  one  shaft  and  contact, 
but  as  the  tripping  values  would  be  different,  according 
to  whether  the  overload  was  on  one  phase  or  on  more, 
they  were  abandoned  in  favor  of  the  use  of  separate 
single-phase  elements  for  polyphase  service. 

As  regards  their  ])lacc  in  the  field,  these  "overload 
and  reverse"  relavs  can  onlv  be  regarded  as  a  modifica- 


FIG.  3- 


Serius*  Tritn^Cuimer 


-APPLICATION   01"  RKI.AY   OK   l-'IC.   2  TO   A    SI.Nl'.I.K-PH ASF. 
CIRCUIT 


said  lo  conlirni  the  conclusions  reached  by  many  in 
1905  that  the  simple  wattmeter  type  relays  are  not  suit- 
able for  this  purpose.  Another  shortcoming  of  such 
relays  was  that,  owing  to  their  instantaneous  action, 
synchronizing  kicks,  etc.,  caused  them  to  trip  out  unnec- 
essarily. 

There  were  numerous  attempts  made  to  add  cor- 
rective features  to  these  early  wattmeter  relays.  One 
of  the  most  interesting  of  these  was  an  arrangement 
consisting  of  a  contact  device  operated  on  the  wattmeter 
principle,  in  combination  with  a  quick-acting  regulator 
to  maintain  the  current  in  the  voltage  circuit  at  a  con- 
stant value,  with  adjustments  to  vary  the  time  element 
of  the  relay. 

The  next  step  in  the  development  of  reverse  power 
relays  was  the  "differential"  type,  in  which  a  voltage 
torque  was  added  to  "polarize"  an  ordinary  current- 
operated  relay,  in  order  to  cause  the  relay  to  operate  at  a 
lower  value  of  current  in  the  reverse  than  in  the  normal 
direction.  Such  relays  were  made  in  both  the  solenoid 
bellows  type  and  in  the  induction  type.  In  the  solenoid 
type  a  voltage  winding  was  superimposed  upon  the  cur- 
rent solenoid,  voltage  and  current  acting  in  opposition 
when  the  direction  of  power  flow  was  normal,  and  act- 
ing additively  if  the  power  flow  became  reversed. 

Another  form  of  this  "differential"  class  of  relay 
was  brought  out  in  1905  and  was  made  on  the  induction 
principle,  similar  to  the  induction  type  wattmeter  above 
described,  by  winding  the  relay  as  an  ammeter  and  add- 
ing a  voltage  connection  to  the  voltage  transformer, 
through  an  external  resistance  box,  as  shown  in  Figs. 
2  and  3.     The  coils  C,  D  and  E  wound  on  the  iron 
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lies.  4  AND  5— CURVES   SHOWING  THE  EFFECT  OF  THE  VOLTAGE  COIL 
ON  THE  OPERATION  OF  THE  RELAY   SHOWN  IN  FIGS.  2  AND  3 

Fig.  4  shows  the  symmetrical  action  for  normal  and  reverse 
operation  when  the  voltage  coil  is  not  in  operation :  and  Fig.  5 
shows  the  shifting  of  the  curve  due  to  tlic  dilTcrcntial  action  of 
the  voltage  coil  at  normal  voltage,  100  percent  power-factor. 

tion  of  "overload"  (e.vcess  current)  relays,  which,  with 
given  conditions  of  superimposed  voltages  as  regards 
value  and  direction  will  trip  at  different  values  of  cur- 
rent.    They  become  practically  "current"  relays  when 
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the  voltage  becomes  low ;  and  as  the  voltage  very  often 
becomes  low  when  short-circuits  occur,  they  offer  but 
little  advantage  over  ordinary  "excess  current"  (over- 
load) relays. 

REQUIREMENTS    OF    A    PR.\CTICAL    REVERSE    POWER    RELAY 

About  1905  it  became  clear  that  the  ideal  reverse 
power  relay  should  fulfill  the  following  conditions : — 

A — It  should  close  its  contacts  when  the  direction  of  power 
flow  is  reversed,  under  all  possible  conditions  of  voltage, 
power-factor  or  current. 

B — It  should  never,  under  any  circumstances,  close  its  con- 
tacts when  the  direction  of  power  fiow  is  normal. 

These  are  the  fundamental  requirements.  The  fol- 
lowing characteristic  is  also  very  desirable: — 

C — A  time  element  characteristic  which  can  be  accurately 
predetermined  and  adjusted  to  any  desirable  value. 

It  is  assumed  as  a  matter  of  course  that  the  relays 
are  reliable  and  rugged  in  their  mechanism  and  have  the 
necessary  contact  capacity.    A  and  B  cannot  be  obtained 


FIG.  6 — A   RELAY  OF  THE  TYPE  SHOWN   DI.-VGRAM  M  ATICALLY 
IN    FIG.    2 

when  there  exists  mutual  inductance  between  the  cur- 
rent and  voltage  coils,  and  thus  "dynamometer"  type 
relays  as  at  present  constructed  are  precluded. 

The  next  step  in  the  development  of  reverse  power 
relays  was  perhaps  the  most  important  one  of  all,  and 
was  first  described  in  the  Journal  for  November,  1910. 
It  consisted  of  adding  to  the  "overload  and  reverse" 
relay,  or  to  a  plain  "overload"  (excess  current)  relay,  a 
wattmeter  element  with  contacts  in  series  with  the  ex- 
cess current  element  contacts.  The  wattmeter  element 
was  very  carefully  balanced  and  made  with  a  very  weak 
spring,  and  quick  time  element,  so  that  the  least  flow  of 
power  in  the  normal  direction  would  keep  the  contacts 
open  and  prevent  the  "excess  current"  relay  element 
from  tripping  the  circuit  breaker.  Whenever  the  direc- 
tion of  power  flow  reverses,  however,  the  contacts  close, 
thus  allowing  the  "excess  current"  contacts  to  complete 
the  circuit.     It  will  be  noted  that  the  wattmeter  contacts 


can  be  exceedingly  delicate  and  light,  and  with  very 
small  travel.  In  practice  the  maximum  contact  gap  was 
made  only  one-sixteenth  to  one-eighth  inch,  all  the  con- 
tact closing  being  done  by  the  current  element. 

It  should  be  clearly  borne  in  mind  that  this  addi- 
tional element  was  purely  a  wattmeter  in  its  operation 
and  entirely  independent,  therefore,  of  values  of  current 
only  or  of  voltage  only.  Even  in  the  earlier  forms  of 
this  relay  it  was  found  that  the  wattmeter  element 
would  clearly  select  or  distinguish  the  direction  of 
power  flow  down  to  values  of  two  percent  of  normal 
voltage  and  ten  percent  power-factor. 

The  next  step  was  to  place  the  two  elements  in  the 
same  case — as  a  matter  of  convenience — one  combined 
unit,  such  as  shown  in  Figs.  10  and  11,  being  used  for 
each  line  to  be  protected. 

For  several  years  this  type  of  relay  continued  to  be 
one  of  the  most   practical   "reverse  power"   relays  on 


FIG.  7 — RELAY   SHOWN    IN   FIG.  6   WITH   COVER   RE.MOVED 

the  market,  and  was  found  to  be  quite  satisfactory 
wherever  installed.  During  this  period  a  complete  pro- 
tection against  reverse  power  conditions  was  considered 
by  many  to  be  an  impossibility,  and  if  a  relay  did  not 
take  care  of  all  possible  conditions  arising  in  practice, 
but  took  care  of  a  large  proportion  of  them,  it  was  very 
well  thought  of. 

In  1914  two  of  the  largest  operating  companies  took 
the  subject  of  reverse  power  relays  under  very  active 
consideration.  A  perfected  reverse  power  relay  would 
mean  to  them  very  great  operating  advantages,  such  as 
freedom  from  interruptions  and  the  possibility  of  using 
their  feeders  more  economically,  with  a  consequent  sav- 
ing in  copper  and  greater  all-around  flexibility.  Relays 
of  the  required  characteristics  were  finally  obtained  and 
exhaustive  tests  made.  A  continued  study  of  the  subject 
was  also  made  by  the  manufacturers'  designing  engi- 
neers, and  naturally  a  period  of  rapid  development  or 
improvement  in  minor  details  followed. 
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When  applied  to  very  heavy  systems  it  was  found 
that  during  short-circuit  conditions  the  currents  in  the 
series  coils  would  rise  to  50  or  75  times  full-load  value, 
being  limited  by  the  point  of  saturation  of  the  series 
transformer,  and  by  other  considerations  fixing  the 
values  of  such  currents  for  overload  relays.*  Under 
such    conditions,    with    the    fault    near    the    sub-station 


FIG.  8 — RELAY   KEMOVEU   1-ROM   L.\SE 

Sliowing  coils   and   magnetic  circuits. 

where  the  relays  are  located,  the  voltage  would  fall  to 
exceedingly  low  limits.  Tests  made  at  Chicago  showed 
that  when  a  transmission  feeder  is"  switched  on  to  a 
metallic  short-circuit  previously  arranged  on  the  sub- 
station bus,  the  voltage  would  fall  to  one  percent,  or 
even  one-half  percent,  of  normal.  Of  course,  such  a 
test  was  considered  extreme,  but  very  encouraging  re- 
suhs  were  obtained  in  that  the  tests  served  to  throw 
light  on  certain  shortcomings,  as  follows : — 

The  relays  used  were  of  the  type  shown  in  Figs.  10 
and  IT.  having  the  lower  element  provided  with  a  voli- 


FIC.    9 — PERFORMANCE    CURVE    OF    DIFFERENTIAL    RELAY    WITH     tci.N- 
STANT    VOLTAGE    AND    VARYING    POWER-FACTOR 

age  connection — that  is,  the  lower  element  was  the  old 
"overload  and  reverse"  relay,  such  as  shown  in  Fig.  2, 
and  the  upper  element  was  the  wattmeter  or  "selective" 
element.     Due  to  the  verv  heavv  currents  in  the  cur- 


rent coils,  a  voltage  was  induced  in  the  secondary  coil 
of  the  electromagnet  which,  through  the  voltage  connec- 
tion, was  superimposed  upon  the  feeble  voltage  delivered 
by  the  voltage  transformer.  This  induced  voltage  was 
in  phase  with  the  line  currents,  and  thus  disturbed  the 
phase  relation  of  the  voltage  applied  to  the  voltage  coils 
of  the  wattmeter  elements  in  such  a  way  as  to  cause 
them  to  operate  incorrectly.  A  similar  efifect  was  noted 
in  the  dynamometer  type  reverse  power  relays  tested, 
due  to  the  heavy  currents  in  the  current  coils  inducing 
voltage  in  the  movable  coils,  and  thus  rendering  these 
relays  unreliable  when  voltages  dropped  to  low  values. 
In  the  case  of  the  induction  type  relay,  the  remedy 
was  simple  and  consisted  only  in  removing  the  voltage 
connection  to  the  lower  relay  element,  which  then  be- 
came an  ordinary  "excess  current"  device.  The  voltage 
connection  in  the  earlier  relays  had  resulted  in  lower  set- 
tings of  trip  current  in  the  reverse  direction,  but  lower 
trip  values  in  amperes  at  the  sub-station  end  than  the 
settings  of  the  corresponding  "overload"  relays  on  the 
gencratin"-  ends  of  the  same  lines  arc  obviouslv  of  no 


*See  article  hy  the  author  in  the  Journal  for  March,  1915. 


FIGS.    10   and    II — THE    FIRST    RELAY    TO    INCORPORATE    EXCESS    CUR- 
RENT  AND    WATT.METER    ELEMENTS    IN    A    SINGLE    UNIT 

value,  as  the  line  must  be  tripped  at  each  end.  neces- 
sitating current  in  excess  of  the  overload  relay  set- 
tings ;  hence  the  excess  current  device  meets  all  prac- 
tical requirements.  This  high  setting  of  the  reverse 
power  relay  as  to  amperes  must  not  be  confused  with 
lack  of  sensitiveness  as  to  watts.  These  new  relays 
are  adjustable  in  secondary  amperes  from  four  to  eight, 
or  four  to  sixteen,  btU  the  watt  element  will  keep  its  con- 
tacts positively  open,  or  closed,  according  to  the  direc- 
tion of  power  flow,  even  should  the  voltage  fall  to  one- 
half  percent  of  normal. 

Another  effect  present  during  short-circuits  was 
that,  due  to  the  flow  of  heavy  currents,  the  vibration  of 
the  discs  prevented  the  making  of  good  contacts  at  the 
watt  element  and  also  caused  the  discs  to  slip  on  the 
shafts  due  to  the  excessive  torque  developed.  The  vibra- 
tion effect  was  a  matter  of  magnetic  attraction  between 
the  series  coils  and  the  induced  currents  in  the  disc. 
This  seemed  an  almost  insurmountable  difficulty  that 
apparently  limited  the  further  development  and  applica- 
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tioii  of  the  device,  but  fortunately  a  simple  means  was 
found  to  overcome  the  efi'ect  of  this  vibration  in  the 
form  of  a  "contactor  switch."  The  excessive  torque 
ef¥ect  was  overcome,  and  at  the  same  time  the  time  ele- 
ment characteristic  of  the  relay  was  perfected  by  intro- 
ducing a  "torque  compensator"  into  the  windings. 

A  completely  new  relay  was  then  brought  out,  the 
upper  element  of  which  consisted  of  the  usual  "watt- 
meter" element,  greatly  improved  as  to  details  of  con- 
struction, and  the  lower  element  of  which  was  the  stand- 
ard "overload"  induction  type  time  element  relay  mech- 
anism, with  torque  compensator.*  Also  there  was  the 
contactor  switch,  which  not  only  overcomes  the  chatter- 
ing contact  effect,  but  also  increases  the  tripping  circuit 
capacity  of  the  relay  from  two  to  ten  amperes,  avoiding 
the  use  of  an  "auxiliary  relay"  in  nearly  all  cases.  Fig. 
12  shows  this  latest  development,  which  has  so  far  met 
the  exacting  conilitions  of  the  heaviest  and  most  intri- 
cate power  plants  in  the  country. 

The  contactor  switch  is  one  of  the  most  interesting 
features  of  the  relay.  Its  function  is  to  transform  a 
weak  or  "fluttering"  contact  at  the  disc  of  the  watt- 
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PIG.    12 — THE   MOST  RECENT  TYPE  OF  REVERSE  POWER  RELAY 

element  into  a  clean-cut  positive  contact  which  will  han- 
dle ten  amperes  tripping  circuit  without  difficulty  and 
without  sparking.  As  shown  in  Fig.  15,  the  circuit  con- 
sists of  two  E-shaped  pieces,  one  stationary  and  the 
other  pivoted.  The  current  circuit  of  the  relay  includes 
a  coil  around  the  middle  leg  of  the  contactor  switch  and 
causes  a  magnetic  flux  to  flow  in  the  path  at  the  opposite 
end  from  the  contacts,  thus  holding  the  latter  open. 
When  the  relay  contacts  close  they  short-circuit  the  coil 
surrounding  this  magnetic  path,  thus  inducing  a  counter 
e.m.f.,  which  causes  the  larger  proportion  of  flux  to 
flow  around  the  opposite  end  of  the  switch,  with  the 
result  that  the  contacts  close  and  stay  closed  until  the 
current  is  reduced  to  zero  by  the  opening  of  the  main 
circuit  breaker. 

CON'NECTIOXS 

In  applying  reverse  power  relays  to  polyphase  sys- 
tems, consideration  must  be  given  to  the  varying  effects 


of  short-circuits  involving  two,  three  or  four  con- 
ductors to  ground,  and  to  the  phase  relation  of  the  cur- 
rent and  the  voltage  applied  to  the  relays.  The  vector 
diagram  of  a  three-phase  circuit  under  normal  oper- 
ating conditions  is  shown  in  Fig.  14.     For  simplicity,  the 


Torque  Compensator 


FIG.    13 — DI.\GR.\M    OF    INTERN.^L    CONNECTIONS    OF    REVERSE 
POWER   REL.\Y 

current  and  voltage  vectors  of  only  one  phase  are  shown. 
AO  represents  the  voltage  from  A  to  neutral,  and  Al,^ 
represents  the  current  in  leg  A  with  a  slightly  lagging 
power-factor.  The  distortion  of  phases  when  a  short- 
circuit  occurs  from  ^  to  B  is  indicated  in  Fig.  15.  A 
short-circuit  of  unity  power-factor  would  mean  a  heavy 
current  in  phase  with  line  AB,  but,  due  to  the  reactance 
of  the  circuit,  the  current  would  probably  lag  consider- 
ably and  take  a  direction  shown  by  AL.  AO,  the  volt- 
age to  neutral,  changes  its  direction  by  only  a  compara- 
tively small  amount,  and  the  result  is  that  there  may  be 
more  than  90  degrees  phase  displacement  between  AO 
and  AIj.  Now  if  a  relay  with  a  wattmeetr  winding 
has  its  voltage  coil  connected  to  .^0  and  current  coil  to 
phase  A  it  will  tend  to  reverse  when  the  angle  A  exceeds 
90  degrees  and  thus  close  its  contact  and  trip  the  circuit 


*Fully  ciescribed  in  tlie  Journ.m,  tor  March,  191; 


FIGS.     14     AND     15 — DI.^GRAMS     SHOWING     THE     EFFECT     OF     SHORT- 
CIRCUITS    ON    THE    CURRENT    AND    VOLTAGE    PHASE    REL.V- 
TION   IN   A   THREE-PHASE  LINE 

breaker.     Yet  this  condition  is  caused  by  plain  excess 
current  on  the  line  and  not  a  reversal  of  power. 

Actual  tests  on  transmission  lines  have  indicated  that 
the  angle  OAL,  Fig.  15.  may  be  as  much  as  120  degrees. 
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Yet  the  phase  shifting  occurs  when  power  is  flowing  in 
the  normal  direction  and  when  reverse  power  relays 
should  hold  their  contacts  positively  open.  Since  a  true 
wattmeter  will  reverse  if  the  angle  between  applied  volt- 
age and  current  exceeds  90  degrees,  there  arises  the 
problem  of  keeping  this  angle  less  than  90  degrees  for 
all  reverse  power  relays  on  lines  where  the  power  is 
flowing  in  the  normal  direction. 

The  most  satisfactory  solution  for  this  problem  lies 
in  connecting  the  relay  potential  coil  to  a  voltage  which 
is  30  degrees  behind  the  current  at  100  percent  power- 
factor.  Thus,  referring  to  Figs.  14  and  15,  the  relay 
with  current  coil  in  conductor  A  would  have  its  voltage 
coil  connected  to  AB.  Then  under  short-circuit  condi- 
tions the  angle  BAI„  would  always  be  less  than  90  de-. 
grees.  With  this  connection  the  question  might  be 
raised  as  to  the  possibility  of  the  current  leading  some- 
what and  thus  causing  accidental  tripping.  Under  light 
load  conditions,  on  a  line  of  large  capacity,  the  current 
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The   principle   of   operation    of   the    relay   is    indicated    in    llu- 
small  diagram  in  the  middle. 

might  lead  considerably,  but,  if  the  load  were  any  appre- 
ciable fraction  of  that  required  to  operate  the  excess 
current  element  of  the  relay,  the  current  would  undoubt- 
edly lag.  It  will  be  remembered  that  reverse  power 
relays  should  have  a  pure  excess  current  element  with 
contact  in  series  with  the  watt-element  contact,  and  that 
its  current  setting  should  be  similar  to  other  excess  cur- 
rent relays  on  the  system — namely,  above  any  peak  loads 
that  might  occur. 

When  connecting  up  reverse  relays  with  the  30  de- 
gree connection,  it  is  essential  that  the  proper  pair  of 
potential  leads  be  used  on  each  relay ;  or,  in  other  words, 
account  must  be  taken  of  rotation  of  phases.  There  are 
two  very  simple  methods  of  determining  the  correct  con- 
nection.   One  is  to  connect  the  current  coils  of  a  single- 


phase  power-factor  meter  in  series  with  the  relay  cur- 
rent circuit,  and  then  with  100  percent  power-factor  on 
the  line  select  the  pair  of  voltage  leads  which  give  86.6 
percent  power-factor  lag  on  the  meter.  The  second,  and 
perhaps  easier,  method  is  to  use  a  single-phase  indi- 
cating wattmeter  and  with  lagging  power- factor  on  the 
line  select  the  pair  of  leads  which  give  the  highest  read- 
ing. It  may  readily  be  seen  from  Fig.  14  that  a  watt- 
meter in  A  would  show  a  considerably  higher  reading 
with  the  correct  voltage  AB  than  with  either  AC  or  BC. 
Just  after  making  the  above  test  is,  moreover,  a  proper 
time  to  see  that  the  voltage  leads  are  connected  so  that 
with  normal  power  the  watt  contacts  are  held  open.  If 
the  contacts  close  on  trial  the  voltage  leads  should  be 
reversed. 

ADDITIOX.XL    APPLICATIONS 

There  are  some  important  applications  of  reverse 
power  relays  aside  from  straight  reverse  energy  protec- 
tion on  incoming  feeders,  two  in  parallel ;  namely,  sim- 
ple ring  systems  and   ])arallel   lines   where  ]50wer  may 


I-IC.     17 — PROTECTION    OF    PARALLEL    FEEDERS    BY    REVERSE 
POWER   REL.WS 

The  three-phase  parallel  lines  and  station  hus  are  repre- 
sented h}'  single  lines,  and  the  relays  circuits  are  shown  in  full 
for  one  phase. 

flow  in  either  direction.  It  has  also  been  found  desir- 
able in  the  case  of  three  or  more  parallel  incoming 
feeders  to  use  reverse  relays  instead  of  plain  excess  cur- 
rent relays  with  inverse  time  curve.  The  reverse  relays 
can  be  set  for  say  one-tenth  of  a  second,  while  overload 
relays  would  probably  have  to  be  set  higher  on  account 
of  taking  care  of  power  in  the  normal  direction. 

Afij^Jication  to  lines  ttco  in  f'arallcl  ^clicre  fioivcr  may 
flo7v  in  cither  direction — It  often  hajijicns  in  networks 
of  feeder  .'systems  that  on  two  lines  in  jiarallcl  between 
two  stations  jjowcr  may  flow  in  either  direction,  depend- 
ing upon  the  division  of  load  between  stations  in  various 
jiarts  of  the  system,  l-'ig.  17  is  a  single  line  diagram 
showing  the  arrangement  of  relays  and  connections  for 
a  "differential  reverse  power"  scheme  of  protection. 
Under  normal  conditions,  with  power  flowing  in  either 
direction,  the  load  will  divide  equally  between  the  lines, 
and  current  will  circulate  through  the  series  trans- 
former windings  without  going  through  the  relay.  In 
case  of  groinid  or  short-circuit  on  one  line,  say  at  X, 
the   directions  of   power  will   be   reversed   in   the  cur- 
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rent  transformer  in  that  line.  Thus  tlie  currents 
from  the  pair  of  series  transformers  will  tend  to  op- 
pose one  another,  and  as  a  result  the  current  will  flow 
through  the  relay  in  such  a  direction  as  to  close 
the  contact  to  trip  the  defective  line.  If  the  trouble 
were  on  the  other  line  conditions  would  be  reversed 
and  the  relay  would  close  the  other  contact.  It  would 
appear  as  though  when  one  line  had  tripped  that  the 
other  line  would  trip  if  power  were  flowing  away  from 
the  sub-station.  This  is  true  provided  the  power  flow- 
ing were  sufificient  to  operate  the  excess  current  element 
of  the  relay,  but  the  setting  of  the  latter  should  be  high 
enough  to  prevent  such  operation.  It  will  be  noted  that 
the  contactor  switches  are  in  the  circuit  outside  of  the 
differential  connection.  This  is  necessary,  because  when 
a  contactor  switch  once  closes  its  contact  it  will  not  open 
again  until  the  load  current  is  reduced  nearly  to  zero. 
If  the  switch  were  right  in  series  with  the  relay,  then, 
with   one  line   tripped,   the   load    from   the   other   line 


would  probably  be  sufficient  to  hold  the  contact  closed 
and  it  would  not  be  possible  to  get  the  circuit  breaker 
closed  again  on  the  first  line. 

FUTURE   DEVELOPMENT 

Further  development  should  be  expected,  principally 
through  close  co-operation  between  manufacturers  and 
operating  engineers.  A  careful  study  of  these  problems 
on  the  part  of  operators  is  necessary  to  this  end.  The 
manufacturers  can  assist  by  throwing  all  possible  light 
upon  the  general  effects  that  take  place  under  abnormal 
line  conditions  and  can  supply  relays  that  will  function 
with  reliability  in  a  certain  predetermined  manner  when 
certain  specified  conditions  are  applied  to  the  relay ;  but 
the  manufacturer  cannot  guarantee  that  such  conditions 
will  be  applied  to  the  relay  by  any  given  system.  It  is 
the  province  of  the  operating  staff  to  determine  what 
conditions  would  be  put  up  to  the  relay  by  the  system  in 
fiuestion  when  abnormal  conditions,  such  as  short- 
circuits,  take  place. 


Keeping  in  Touch  With  Progress 

IXDUSTRI.AL    EXPERIENCE    FOR    ENGINEERING    EDUC.\TORS 


George  B.  Thom.^s 

Acting  Dean. 

Colorado  College 


IT  HAS  been  said,  "There  is  nothing  so  constant  in 
the  electrical  manufacturing  business  as  change." 
The  problems  which  are  presented  in  teaching  engi- 
neering as  a  result  of  this  condition  are  very  well  exem- 
plified in  the  incident  of  a  teacher  who  spent  some  time 
in  a  factory  in  order  to  get  up-to-the-minute  informa- 
tion for  a  new  text  book.  He  found  that  many  of  the 
machines  recently  constructed  were  already  considered 
obsolete  by  the  designing  engineers  due  to  developments 
in  the  past  few  months. 

In  order  to  keep  pace  with  industry  several  engineer- 
ing schools  have  adopted  the  co-operative  scheme  which 
is  well  illustrated  by  the  systems  at  the  University  of 
Cincinnati  and  the  University  of  Pittsburgh.  These 
schools  are  fortunately  located  in  large  industrial  cen- 
ters where  such  a  scheme  can  easily  be  applied.  Others 
send  one  teacher  from  each  engineering  department 
each  year  into  the  field  of  practical  work,  and  many 
others  provide  an  opportunity  for  their  teachers  to  en- 
gage in  private  engineering  practice.  Obviouslv  such 
arrangements  are  impossible  at  many  schools,  but  there 
are  very  few  engineering  teachers  who  cannot  spend  an 
occasional  summer  in  some  kind  of  industrial  establish- 
ment. It  is  difficult  to  get  employment  giving  broad 
experience  for  this  short  period  of  two  or  three  months. 
Nevertheless,  some  of  the  larger  concerns  can  and  do 
take  on  groups  of  men  during  this  period.     The  size  of 


the  concern  is  of  direct  advantage  to  the  teacher,  as  the 
more  varied  its  work  the  greater  are  the  opportunities 
for  valuable  experience.  Also,  when  several  teachers 
are  located  with  one  concern,  there  is  the  added  oppor- 
tunity for  discussion  of  engineering  and  pedagogical 
problems. 

Such  a  plan  has  been  in  operation  for  the  past  five 
years  at  the  East  Pittsburgh  Works  of  the  Westing- 
house  Electric  &  Mfg.  Company.  Ninety-eight  engi- 
neering teachers,  representing  sixty  schools  located  in 
thirty-two  states,  have  taken  advantage  of  this  opportu- 
nity. The  1915  group  was  composed  of  twenty-four 
men  from  twenty  schools  located  in  sixteen  states. 
Each  man  was  assigned  to  some  specific  department  as 
a  regular  employee.  In  addition,  a  program  of  meetings 
was  arranged  as  shown  in  Table  I.  These  meetings  may 
be  classified  under  six  heads  : — 

I — Inspection  of  and  discussions  on  the  various  types  of 
apparatus  being  manufactured. 

2 — Talks  by  representatives  of  the  various  departments  on 
the  type  of  men  who  will  be  successful  in  a  manufacturing  con- 
cern, the  strong  and  weak  points  of  technical  graduates,  and 
what  the  colleges  can  do  to  produce  better  qualified  men. 

3 — Engineering  opportunities. 

4 — Discussion  of  pedagogical  problems. 

5 — Inspection  trips  to  other  industries  in  the  Pittsburgh 
district. 

6 — Symposium  on  "Heating  and  V'entilation  of  Electrical 
Machinery"  with  the  company  engineers. 

The  broadening  effect  of  such  courses  in  bringing 
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TABLE  I— SCHEDULE  OF  SUMMER  COURSE  FOR  ENGINEERING   TEACHERS — 1915 


Week 
Beginning: 

Monday 

Tui;sil:iy 

Tl.ijrsda>                                       Friday 

Saturday 

8:30—9:50 
a.  m. 

10:00—11:30 
a.  m. 

S:00 — 9:30  p.m. 

8:30—9:50 
a.  m. 

10:00-11:30             8:00-9:30  p.  m. 

Excursion 
to 

Inspection 
of 

Discussion 

on  apparatus 

inspected 

led  by 

Westinghouse  Club 

Inspection 
of 

0?ap'paritSs        Westinghouse  Club 

Subject 

Led  by 

"■f.X*^"          Subject      1      Led  by 

July  5 

2  p.  m. — Conference  on 
relation    between    educa- 
tional and  industrial   in- 
stitutions. 

6    p.    m. — Dinner    given 
by   Univ.   of   Pittsburgh. 

Direct- 
current 
generators 

Reasons  for 
Course 

C.R.Dooley 

Test  dept. 

of  Duquesne 

Light  Co. 

Carnegie  Tech 
luncheon 

n.  Hall           Organiza- 
tion of 
W.E.&M.Co. 

C.B.Auel 

July  12 

Industrial 
motors 

A.  C.  Lanier 
A.  M.  Dudley 

The 
Electrical 
Laboratory 

R.  R. 

Lawrence 

L.D.Rowell 

E.E.Lawton 

Trans- 
formers 
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Graduates 
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National 
Tube  Works 

July   19 

Synchron- 
ous 
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R.  A. 
McCarty 

Personal 

Grading      C.F.Harding 
of              C.R.Dooley 
Students 

Railway 
motors 

R.  E.         1  Engineering 
Hellmund    |      and  the 
Technical 
F.E.Wynne  ,    Graduate 

B.G.Lamme 

Bureau 
of  Mines 

Brunots 
Island 

Locomotives 

July   26 

A.-c. 
generators 
and  turbo- 
generators 

F.  D. 

Newbury 

Courses 

for 

Non- 

Electricals 

W.R.Work 

F.H.. Sibley 
S.K  Rhodes 
G.B.McNair 

Westinghouse                  Manufac- 
Machine  Company            r.™J.',",f„ i 
Luncheon                     Opportuni- 
ties 

A.Taylor 
C.W.Johnson 

Standard 

Plate  Glass 

Company 

AufT.   2 

Industrial 
control 

W.  Sykes 

The 
Curriculum 

-n 

G.C.Shaad 
L.  P. 

Dickinson 
H.G.Hakc 

Meters 

;         Automobile  ride; 
P.MacGahan      closing  dinner  at  the 
W.Bradshavv  Oakmont   Country   Club 

Wednesday,   7:45  p.   m. ;   July   21,    28  and  August   4 — Discussion    with    company    engineers    on    "Heating    and    Ventilation    of 
Electrical   Machinery." 

Thursday,  8  p.  m.,  August  5 — The  Westinghouse  Club;   "Conunercial   Kiigineering."     Mr.  Nicholson. 


together  the  teacher  and  the  employer  is  without  doubt     this  year's  group  in  response  to  the  question,  "What  fea 
of  far-reaching  benefit.     Instructors  who  keep  in  touch     tures  of  the  course  have  been  of  value?" 
with  the  industries  are  e(|uii)])e< 
latest   engineering  practice,   Imt 
advice  as  to  the  per- 


to  teach  not   only   the  i — T'le   opportunity    for   becoming   acquainted    with    West- 

],.      •         ■  ,      ,  .  '    .  f         ingliouse  men. 

II.--0    to    give    accuiate  j— The  tirporttmity  for  bccnminpr  acquainted  witli  the  latest 

engineering    develop- 
inents  and  practices. 

3 — The  exchange  of 
ideas  on  teaching  with 
ingineering  teachers  of 
experience. 

4 — A  first-hand  view 
>t  the  graduate  student 
course  and  its  opportuni- 
lics. 

5 — A  knowledge  of  the 
iliaracteristics  which  are 
desirable  for  success  in 
an  electrical  manufactur- 
ing concern. 

6 — A  view  of  shop 
methods. 

The  course  has 
been  found  to  be  of 
such  value  to  engi- 
neering teachers,  and 
has  been  so  greatly 
appreciated  by  them, 
that   it   is  to  be  con- 

ric.  1 — THE  1915  CROUP  or  pkofessobs  and  instructors  t.\king  the  summer  tinned  along  its  pres- 

couRSE  OF  the  westinghouse  ELECTRIC  &  MEG.  COMPANY  eiit  Hues.     Thc  widc- 

Back  row.  left  to  right  :-E   H    Cooley,  Bliss  F.lectrical  School ;  F.  H.  j   recognition   of 

,            ,                                    Sibley,  bniversitv  of  Kansas;  H.  G.  Hake,  Washington  Lniversitv;  G.  C.  '                      * 

planned    along    broad      Shaad,  University  of  Kansas;  J.  L.  Beaver,  Dre.xel  Institute;  C.  F.  ScoU,  the  real  value  of  SUCh 
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sonal  characteristics 
required  by  employ- 
ers. The  effect  on 
the  preliminary  col- 
lege training  of  the 
young  engineer 
should  be  and  is  the 
vital  consideration 
about  which  s  u  c  h 
courses  are  built.  At 
the  same  time,  it  is 
recognized  that  t  h  e 
engineering  s  c  hools 
are  not  preparing 
men  merely  for  the 
benefit  of  particular 
manufacturing  c  o  n- 
cerns,  but  for  service 
in  a  great  variety  of 
activities,  and  hence 
such    courses    are 


Checking  Neutral  of  Commutating-Pole  Generators 

When  operating  commutating  pole  generators  in  parallel 
accurate  setting  of  the  brushes  is  essential.  Referring  to  Fig.  i, 
if  the  brushes  are  on  neutral,  i.  e.,  in  such  a  position  that  the 
coils  are  commutated  in  positions  A,  the  coils  between  brushes 
AA  are  cutting  half  the  flux  from  a  south  commutating  pole 
and  also  half  the  flu.x  from  a  north  commutating  pole,  so  that 
the  resultant  of  the  voltages  induced  in  the  coils  by  the  com- 
mutating poles  is  zero  and  the  commutating  pole  flux  does  not 
affect  the  voltage  at  the  armature  terminals.  If  the  brushes 
were  shifted  ahead  so  that  commutation  took  place  at  position 
B  in  Fig.  2,  the  coils  between  brushes  BB  would  be  cutting  all 
the  flux  from  the  south  commutating  pole  and  none  from  the 
north  commutating  pole.  This  will  induce  a  voltage  which  adds 
to  the  voltage  induced  by  the  main  field.  Since  the  flux  from 
the  commutating  poles  varies  with  the  current  in  the  armature 
(the  commutating  poles  being  in  series  with  the  armature)  the 
voltage  added  by  the  commutating  poles  will  increase  with  the 
load,  giving  the  generator  a  voltage  characteristic  like  a  com- 
pound machine.  If  the  brushes  had  been  shifted  in  the  other 
direction  the  voltage  would  have  been  decreased   by  the  com- 


mutating pole  effect.  In  parallel  operation  of  commutating  pole 
shunt  machines,  if  one  machine  had  the  brushes  shifted  forward 
its  voltage  would  rise  as  load  came  on,  causing  it  to  take  the 
load  away  from  the  other  machines  and  interfering  with  satis- 
factory parallel  operation. 

Use  is  made  of  this  effect  for  checking  a  machine  to  see  if 
its  brushes  are  on  neutral.  Running  the  machine  as  a  motor 
measure  its  speed,  reverse  it  and  measure  speed  again.  If  these 
speeds  are  the  same  the  brushes  are  on  neutral.  If  the  brushes 
are  not  on  neutral  they  will  have  a  forward  lead  when  tlie 
motor  is  running  in  one  direction  and  a  backward  lead  when  it 
is  reversed.  In  the  first  case  the  commutating  poles  tend  to 
increase  the  field  and  cut  down  the  speed ;  in  the  latter  case  they 
tend  to  demagnetize  it  and  increase  the  speed.  The  brushes 
must  bear  over  their  whole  face.  If  they  rest  on  one  edge  only, 
the  results  will  be  misleading. 


Transition  in  Railway  Control 

In  the  control  of  electric  railway  equipments  for  direct 
current  it  is  almost  universal  practice  to  use  series-parallel  con- 
nections of  the  motors,  since  there  are  practically  always  at 
least  two  motors.  By  starting  with  the  motors  in  series,  less 
current  is  drawn  from  the  line  and  the  energy  lost  in  the  start- 
ing resistance  is  greatly  reduced.  When  the  resistance  is  all  out 
and  the  motors  are  in  series  across  the  line  the  next  step  is  to 
connect  them  in  parallel  with  some  resistance  in  the  circuit. 
There  are  three  standard  methods  of  making  this  change.  One 
way  is  to  open  the  circuit,  reconnect  the  motors,  then  close  tlie 
circuit  again.  This  is  open  to  two  serious  objections;  first,  it 
stops  the  supply  of  power  to  the  motors  for  an  instant  and  gives 
rough  acceleration.     This  is  uncomfortable  for  passengers,  and 


in  the  case  of  long,  heavy  trains  it  is  liable  to  break  the  train 
liy  pulling  out  couplers.  The  second  objection  is  that  the  main 
power  circuit  is  interrupted,  causing  an  arc  on  the  contacts  of 
the  controller  or  contactor.  This  reduces  the  useful  life  of  the 
control  apparatus. 

One  method  of  overcoming  the  disadvantages  of  open  cir- 
cuit transition  is  called  "shunt"  or  "short-circuit"  transition. 
Fig.  I  shows  successive  steps  of  shunt  transition,  starting  with 
motors  in  series  with  resistance  cut  out  and  ending  with  motors 
in  parallel  with  resistance  in.  The  first  transition  step  puts 
some  resistance  in  series  with  the  motors,  after  which  No.  2 
motor  is  short  circuited.  This  leaves  No.  i  connected  from  line 
to  groimd  through  resistance.  The  short  circuit  on  No.  2  is 
then  broken  and  No.  2  is  connected  in  parallel  with  No.  I.  It 
will  be  noticed  that  one  motor  is  pulling  all  the  time,  so  that 
the  jerk  occurring  with  open  circuit  transition  is  avoided. 
Burning  of  the  contacts  is  also  avoided,  because  when  No.  2  is 
short  circuited  practically  no  current  flows  through  it.    This,  at 
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first,  seems  improbable,  for  No.  2  is  being  driven  by  the 
momentum  of  the  car  and  should  act  as  a  generator  circulating 
a  large  current  through  the  short  circuit.  Fig.  2  explains  the 
action.  Suppose  that  the  current  and  direction  of  rotation 
when  running  as  a  motor  are  as  shown  at  M.  It  is  a  well- 
known  fact  that  if  a  direct-current  machine  be  driven  in  the 
same  direction  the  armature  current  as  a  generator  will  tend  to 
flow  opposite  to  that  in  a  motor.  With  a  series  motor  this 
gives  conditions  as  at  G,  Fig.  2.  It  will  be  noticed  that  when 
the  current  flows  it  goes  through  the  field  in  the  opposite 
direction  also.  This  will  buck  the  residual  magnetism  of  the 
field,  reducing  it  and  consequently  the  generated  voltage  to  zero, 
so  that  no  current  will  flow  through  the  short  circuit. 

With  very  large  equipments  even  the  shunt  transition  is  not 
as  smooth  as  desirable  and  the  motor  is  subjected  to  pretty 
severe  stresses,  so  that  recourse  is  had  to  a  transition  known  as 
"bridging."  With  this  transition  both  motors  pull  all  the  time 
and  a  very  smooth  transition  is  obtained.  It  is,  however,  more 
complicated  and  is  hardly  warranted  except  in  large  equipments. 
Fig.  3  shows  successive  steps  from  full  series  to  parallel  with 
resistance.  A  resistance  is  connected  in  parallel  with  each 
motor.  This  merely  amounts  to  putting  resistance  across  the 
line  in  parallel  with  the  motors.  If  the  resistance  is  correctly 
proportioned  no  current  will  flow  through  the  series  wire, 
which  can  be  broken  without  an  arc,  leaving  the  motors  in 
parallel.  The  name  "bridging"  comes  from  the  similarity  of 
this  connection  to  the  Wheatstone  bridge. 


Our  subscribers  are  invited  to  use  this  department  as  a  means  of  securing  authentic  information  on  electricaj  and  mechaoical  subjects. 
Questions  concerning  general  engineering  theory  or  practice  and  questions  regarding  apparatus  or  materials  desired  for  particxilar  needs  will  be 
answered     Specific  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  carmot  be  supplied  through  this  department. 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  personal  reply  is  mailed  to  each  questioner 
as  soon  as  the  necessary  information  is  available,  however,  as  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reason- 
able  length  of  time  should  be  allowed  before  expecting  a  reply.     Care  should  be  used  to  furnish  aJI  data  needed  for  an  intelligent  answer. 


I2II — Split-Core  Current  Transformer 

— Would  you  consider  the  split-core 
type  current  transformer,  125  or  250 
amperes  primary,  sufficiently  accurate 
for  wattmeter  readings  in  connection 
with  motor  circuits?  Could  an  accur- 
acy within  two  percent  be  expected? 

F.  c.  K.  (w.  VA.) 
Such  a  transformer  will  not  be  satis- 
factory for  use  with  a  wattmeter  owing 
to  the  large  an.ylc  of  phase  displacement. 
The  error  would  probably  be  from  six 
to  ten  percent.  It  is  not  suitable  for 
ammeter  service  except  with  an  am- 
meter which  has  been  calibrated  espe- 
cially for  service  with  the  particular 
transformer.  With  this  condition  an  ac- 
curacy of  approximately  three  percent 
at  250  amperes,  or  four  percent  at  125 
amperes,  can  be  obtained.  These  figures 
are  for  the  transformer  and  do  not  in- 
clude the  accuracy  of  the  meter  itself. 

W.  R.  W. 

I2I2 — Power  Measurements  —  With  a 
load  of  4000  kw  on  tlie  power  trans- 
formers the  phase  ammeters  show 
only  200  amperes  per  phase,  and  the 
current  should  be  1050  amperes  with 
unity  power-factor.  The  ratio  of 
meters  and  current  transformers  arc 
the  same,  2000  to  5.  Would  these  am- 
meters   slinw    tlic    correct    current    if 


FIG.  1212  (a) 

both  A  leads,  both  B  leads  and  both 
C  leads  were  passed  thfough  the  cur- 
rent transformer  cores,  and  what  ef- 
fect  would   this   have   on   the   single- 


phase  recording  wattmeters?  The  ar- 
gument has  been  advanced  that  one 
phase  being  A  —  C  and  the  other 
being  A  —  B  the  sum  of  the  currents 
in  the  two  would  be  the  same  as  is 
shown  for  one  now.     0.  H.  (new  York) 

The  three  single-phase  circuits  shown 
in  Fig.  1212  (a)  can  be  considered  as  en- 
tirely independent  circuits  when  metered 
with  the  three  sets  of  meters  shown. 
'Pile  total  power  in  the  th.ree  circuits  is 
indicated  I)y  the  sum  of  the  three  watt- 
meter readings.  If  the  tliree  circuits 
are  equally  loaded  and  tlic  total  power 
is  4000  kw,  the  power  in  one  single- 
phase  circuit  will  1)e  1333  kw,  and  the 
current  at  2200  volts  and  unity  power- 
factor  would  be  about  607  amperes.  It 
is  not  apparent  from  the  information  at 
hand  why  tlie  meters  indicate  only  200 
amperes,  Init  this  may  possiljly  be  due  to 
tlie  use  of  6000  to  5  ampere  trans- 
formers where  if  was  the  intention  to 
use  transformers  having  a  ratio  2000  to 
5.  The  arrangement  of  meters  shown 
is  tlie  siniijlest  and  liest  arrangement  for 
tliis  kind  of  a  circuit  if  it  is  desirable  to 
segregate  the  amounts  of  power  in  the 
three  circuits.  If  only  the  total  power 
is  to  be  considered  it  would  be  more 
economical  to  employ  a  polyphase  watt- 
meter and  only  two  voltage  trans- 
formers. The  three  current  trans- 
formers would  then  be  delta  connected 
lo  the  polyphase  wattmeter,  and  the  po- 
tential transformers  would  lie  connected 
to  the  two  sets  of  wattmeter  terminals 
on  the  low-tension  side  and  to  phases 
.  i  —  B  and  A  —  C  on  the  high-tension 
side,  as  shown  in  Fig.  1212  (b).         ii.n.  T. 

1213 — Power  Measurement — Fig. 
1213  (a)  shows  a  Iwo-iibase  to  three- 
phase  transformer  with  wattmeters 
connected  to  measure  the  power  in  the 
three-phase  side.  A  100  to  i  jiotential 
transformer  not  being  avaiialilc,  the 
potential  was  taken  from  tlie  main 
transformer  on  the  two-phase  side  as 
shown.  The  ratio  of  the  power  trans- 
formers is  4.5  to  I  ;  that  of  the  poten- 
tial transformers  on  the  two-phase 
side  is  20  to  i,  and  the  potential  trans- 
former on  the  three-phase  is  100  to  1, 
while  the  ratio  of  both  current  trans- 
formers is  6  to  1.  Please  advise  if 
there  is  r.n  error  in  measurement,  and 
it  not,  advise  tlie  multiplier  for  the 
meter  in  (|uestioii.  H.  M.  (cold.) 

The  diagram  of  connections  as  shown 
apiiears  to  be  correct,  provided  the  sin- 
gle-i)hase  meter  with  its  voltage  across 
one  phase  of  the  two-phase  circuit  has  a 
multiplier  of  0.9  in  addition  to  the  100  to 
I  times  6  to  i.  The  multiplier  of  0.9  is 
necessary  due  lo  the  fact  that  the  volt- 
agv  impressed  on  the  meter  from  the 
two-pliase  circuit  is  one-ninth  higher 
than  that  impressed  on  the  meter  with 
voltage  from  the  three-phase  circuiti 
(The  voltage  transformation  is  not  the 
same).      In    this    answer    it   is   assumeil 


tliat  there  are  no  serious  errors  in  trans- 
former ratios  and  transformer  phase 
displacement,  that  the  meters  are  cali- 
brated for  the  operating  conditions,  and 
that  the  meters  are  connected  to  give 
forward    rotation    with    a    line    power- 
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I'K.  1213  (a) 

factor  greater  than  50  percent.  If  this 
arrangement  is  intended  for  metering 
power  to  a  customer,  wc  would  consider 
such  practice  very  undesirable,  on  ac- 
count of  the  complexity  of  the  connec- 
tions and  the  difficulty  in  explaining 
them.  c.  R.  B. 

1214 — Leads  from  Direct-Current  Gen- 
erator— .\  direct-current,  125-250  volt 
generator   is   installed   on   a  basement 
floor.     The  leads  from  the  machine  to 
the     switehlioard     are     in     iron     pipe 
buried  in  the  concrete  flooring.     Is  it 
necessary  or  good   practice   to   install 
lead-covered   cable   for   these   connec- 
tions? E.  s.  N.  (new  York) 
If  the  iron  pipe  is  installed  in  such  a 
way  that  its  interior  is  dry  at  all  times, 
a    lead-covered    cable    is    not    necessary, 
and  a  rubber  or  cambric  insulated  cable 
with  a  single  or  double  braided  protec- 
tive  covering    will   be   entirely   satisfac- 
tory.    If,   however,   the  interior   of   the 
conduit  is  moist,  and   especially  if  it  is 
moist  at  times  and  dry  at  other  times  so 
tliat  the  conductor  would  be  subjected  to 
alternate    wettin.g    and    drying,    a    lead- 
cm  ered  cable  would  lie  advisable.      R.  E.  D. 

1215 — Insulation  on  Squirrel  -  C  a  g  e 
Windings — We  have  some  squirrel 
cage,  60  cycle  induction  motors,  sizes 
30,  40  and  50  horse-power,  440  volts. 
The  short-circuiting  end  rings  on  the 
rotors  are  of  brass  and  the  copper 
bars  are  all  insulated  from  the  core 
with  lish  paper  insulation.  The  insu- 
lation on  tliese  bars  is  burned,  caus- 
ing the  bars  to  be  short-circuited  on 
the  rotor.  Does  it  make  aiu'  real  dif- 
ference whether  these  bars  are  insu- 
lated from  the  core,  or  can  they  be 
operated  satisfactorily  with  the  insu- 
lation burned  off?  In  particular,  one 
of  these  motors  will  pull  a  light  load 
all  right,  but  immediately  opens  the 
circuit-breaker  when  a  heavy  load  is 
applied.  The  relay  is  set  so  as  to 
allow  a  50  percent  overload,  but  the 
motor  will  not  pull  this.  Is  this  due  to 
the  grounded  bars?  E.  M.  i).  (w.\SH.) 
\\'hen    the    rotor   bars   and    resistance 

rings  are  of  low  resistance  and  the  slip 
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is  low  there  is  less  necessity  for  insu- 
lating the  rotor  bars  than  exists  when 
these  parts  are  of  high  resistance.  It  is 
a  question  of  relative  conductivity  be- 
tween the  windings  and  the  iron  core  as 
to  which  carries  the  current.  Since  the 
core  is  of  large  cross-section,  it  may  be 
of  lower  resistance  and  greater  conduc- 
tivity than  the  windings  under  certain 
conditions.  It  is  undesirable  to  have 
the  current  take  irregular  paths  through 
the  core,  as  they  do  not  in  such  cases 
exert  a  proper  corrective  effect  on  the 
shape  of  the  magnetic  field.  In  the  case 
of  the  motor  which  pulls  out  under  load, 
there  is  indication  that  the  joints  be- 
tween the  bars  and  the  rings  are  bad, 
causing  excessive  drop  in  speed  with 
load,  or  else  that  there  is  an  open  circuit 
in  one  line  leading  to  the  primary,  caus- 
ing the  motor  to  operate  single  phase. 
Both  points  should  be  checked.  It  is  im- 
probable that  the  insulation  on  the  rotor 
bars  has  any  direct  effect  on  this  condi- 
tion. A.  M.  D. 

1216 — Fan  Motors  in  Paper  Factory — 

We  have  four  28  inch  fans  with 
straight  adjustable  blades,  direct  con- 
nected to  one  horse-power,  single- 
phase,  750  r.p.m.  motors  installed  in  a 
large  ventilator  running  lengthwise  in 
the  peak  of  the  roof  over  our  paper- 
making  machines.  At  present  there  is 
only  one  machine  working,  but  we  ex- 
pect to  operate  the  second  machine  in 
the  near  future.  The  fans  are  not 
capable  of  handling  all  the  moisture 
that  arises  from  the  one  machine, 
hence  there  is  an  undue  amount  of 
condensation  which  drops  from  the 
roof  and  is  detrimental  to  the  finished 
stock  and  unpleasant  for  the  oper- 
ators. If  the  pitch  of  the  blades  is  in- 
creased the  motor  will  not  drive  them. 
Kindlj-  advise  if  greater  speed  and 
more  pitch  will  remedy  the  situation, 
and  if  so,  the  type  and  horse-power 
of  motor  required.  The  pitch  of  the 
blades  at  present  appears  to  be  rather 
small  for  the  size  of  the  fan. 

T.  K.  (QUEBEC) 

Although  it  would  be  possible  to 
change  the  pitch  of  the  blade  somewhat 
and  use  a  larger  motor,  we  do  not  think 
this  would  increase  the  capacity  of  the 
fan  to  any  extent,  as  the  tendency  would 
be  to  increase  the  pressure  rather  than 
the  capacity,  and  this  is  not  what  is  re- 
quired. The  problem  of  properly  venti- 
lating a  paper  machine  room  and  keep- 
ing it  dry  has  been  discussed  for  many 
years  and,  although  it  is  a  comparatively 
simple  proposition,  there  are  still  many 
plants  in  which  the  ventilation  of  the 
machine  room  is  entirely  unsatisfactory. 
The  failures  are  often  due  to  the  fact 
that  an  attempt  is  made  to  ventilate  this 
room  in  much  the  same  manner  as  an 
ordinary  factory  or  building.  To  begin 
with,  assume  the  paper  machine  room 
designed  for  two  machines,  each  of 
which  has  a  capacity  of  one  ton  of  paper 
per  hour,  or  a  total  of  48  tons  per  day 
for  the  two  machines.  It  may  be  as- 
sumed that  the  paper  entering  the  dryers 
contains  about  one  part  of  paper  for  two 
parts  of  water.  That  is,  for  every  pound 
of  paper  manufactured  two  pounds  of 
water  must  be  evaporated  on  the  dryers. 
In  the  case  of  one  machine  operating,  it 
is  necessary  then  to  evaporate  two  tons 
of  water  per  hour  and  remove  this  from 
the  room,  and  with  two  machines  oper- 
ating to  evaporate  and  remove  four  tons 
of  water  per  hour.  The  onlj'  method  by 
which  moisture  can  be  removed  from  a 
room  is  by  means  of  air  as  a  conducting 


medium  or  carrier,  so  the  next  step  is  to 
estimate  the  quantity  of  air  required  to 
carry  the  given  amount  of  moisture. 
The  capacity  of  air  for  carrying  mois- 
ture increases  rapidly  with  the  tempera- 
ture, and  it  is  customary  to  heat  the  in- 
coming air  by  steam  coils,  the  exact  tem- 
perature of  the  air  depending  on  local 
conditions,  but  generally  being  over  100 
degrees  F.,  and  sometimes  as  high  as 
130  or  140  degrees.  It  is  necessary  to 
supply  a  sufficient  quantity  of  air  so  that 
when  this  air  rises  and  strikes  the  roof 
and  the  colder  parts  of  the  building  the 
"dew  point"  is  not  reached  and  the 
moisture  precipitated.  There  are  vari- 
ous factors  entering  into  the  calculation 
of  the  correct  quantity  of  air  to  use, 
such  as  the  construction  of  the  roof  and 
temperature  and  humidity  of  the  outside 
air.  Records  obtained  from  mills  hav- 
ing satisfactory  ventilation  indicate  that 
in  a  moderate  climate  about  800  cubic 
feet  of  air  are  needed  per  minute  per 
ton  of  daily  capacity  of  paper,  while  in 
a  very  cold  climate  from  1300  to  1500 
cubic  feet  of  air  per  minute  would  be  re- 
quired to  maintain  a  dry  room.  After 
finding  out  how  many  cubic  feet  of  air 
per  minute  are  required,  and  the  neces- 
sary temperature  of  this  air,  it  is  not  a 
(liiTicult  problem  to  estimate  the  fan  ca- 
jiacity  and  horse-power  required  to  drive 
same.  The  principal  point  to  remember 
is  that  moisture  cannot  be  removed  from 
a  paper  machine  room  without  arrang- 
ing to  supply  a  large  amount  of  air  at  a 
suitable  temperature,  and  most  failures 
have  been  due  to  overlooking  this  point. 

c.  w.  D. 

12 17 — Three-Wire    Rotary    Converter 

— Can  three-wire  direct  current  be  ob- 
tained from  a  25  cycle,  six-phase,  430 
volt,  alternating  current  to  600  volts 
direct  current  rotary  converter  by 
putting  either  balancing  coils  or  step- 
down  transformers  across  one  phase 
of  the  alternating  current  to  obtain 
the  neutral?  If  so,  please  give  a  dia- 
gram of  connections.  The  converters 
are  fed  from  three-phase  transformers 
whose  ratio  is  13  200/11  880  volts  to 
430/143  volts  secondary.  Is  it  possible 
to  use  ordinary  transformers  whose 
ratio  is  2200/1100  to  110/220  volts  for 
this  purpose?  B.  H.  j.  (Ontario) 

The  diagram  of  connections  which 
would  result  from  above  suggestion  is 
shown  in  Fig.  1217  (a).  With  only  one 
balance  coil  across  one  phase  of  the  con- 
verter alternating-current  terminals,  any 
unbalanced  current  would  always  be 
carried  into  the  armature  winding 
through  the  tap  coils  of  this  particular 


phase.  If  unbalanced  loads  not  greater 
than  20  or  25  percent  are  encountered, 
the  cross-connections  will  probably  be 
am[)le  to  equalize  the  unbalanced  cur- 
rent and  the  tap  coils  of  ample  capacity 
to  carry  the  increased  current  without 
injury.      Unless    the   transformer    which 


it  is  desired  to  use  as  a  balance  coil,  is 
very  liberally  designed  as  to  induction 
(  flux  densities  in  the  iron),  it  would  not 
be  at  all  possible  to  connect  the  low  ten- 
sion, 220  volt,  side  across  a  430  volt  cir- 
cuit. The  k.v.a.  capacity  of  the  trans- 
former will  limit  its  adaptability  to 
using  the  2200  volt,  side  across  the  430 
volt  circuit,  due  to  high  copper  densities 
that  will  be  obtained  on  a  small  capacity 
transformer.  If  a  new  balance  coil  has 
to  be  purchased  the  question  of  opening 
up  the  secondaries  of  the  transformers 
now  supplying  the  rotary  and  bringing 
out  their  neutral,  as  shown  in  Fig. 
1217  (b),  should  be  investigated.  This 
would  give  the  ideal  three-wire  condi- 
tion with  balanced  currents  in  all  phases 
of  the  converter,  regardless  of  the  per- 
cent of  unbalanced  direct-current  load. 

R.  H.  N. 

1218 — Elevation  of  Outer  Rail — Please 
show  me  how  to  determine  the  proper 
elevation  of  the  outer  rail  of  a  track 
on  a  six-degree  curve,  around  which  a 
500  ton  train  is  running  at  a  speed  of 
25  miles  per  hour.  I  am  not  sure 
whether  to  base  my  calculations  from 
the  inner  rail  or  from  the  middle  of 
the  rails.  w.  H.  M.  (mich.) 

The  elevation  of  outer  rail  can  be  de- 
termined by  the  following  formula : — 
Elevation  of  outer  rail  =  0.00066DV' 
where  D  =  degree  of  curvature  and  V 
=  velocity  in  miles  per  hour.  This 
formula  was  presented  at  the  annual 
meeting  of  American  Railway  Engineer- 
ing and  Maintenance  of  Way  Associa- 
tion in  IQOS  and  is  empirical.  The  ele- 
vation of  the  outer  rail  is  a  function  of 
speed,  height  of  center  of  gravity  of  the 
rolling  stock  above  the  rail,  and  weight. 
The  formula  given  disregards  weight 
and  height  of  center  of  gravity  above 
rail,  but  serves  for  all  practical  condi- 
tions. Some  roads  arbitrarily  allow  one- 
half  inch  rise  of  outer  rail  for  each  de- 
gree of  curvature.  The  general  practice 
on  the  majority  of  roads  is  not  to  ex- 
ceed an  elevation  of  eight  inches.  There 
may  be,  however,  some  isolated  cases  of 
ID  inch  elevation,  and  possibly  over. 
Calculation  should  be  based  on  degree 
of  curvature  or  radius  of  curvature  for 
midway  between  rails,  as  the  centrifugal 
force  acts  on  the  center  of  gravity, 
which  for  practically  all  rolling  stock 
lies  somewhere  on  a  vertical  plane  mid- 
way between  the  rails.  G.  H.  F.  H. 

1219 — Emergency  Starting  of  Six- 
Phase  Converter — We  are  operating 
three  1000  kw,  six-phase  rotary  con- 
verters from  three  1000  kw  trans- 
formers which  step  the  voltage  down 
from  60  000  volts  to  443  volts.  These 
transformers  are  connected  delta  on 
the  high-tension  side  and  double-delta 
on  the  low-tension  side.  The  con- 
verters are  brought  up  to  synchronous 
speed  by  means  of  an  induction  motor 
and  then  cut  in.  How  can  the  connec- 
tions on  the  high-tension  side  of  the 
transformers  be  changed  in  case  one 
transformer  is  disabled  so  that  the 
converters  can  be  started  and  run  ? 

G.  J.  L.  (new  York) 
It  is  assumed  that  the  transformers 
are  single  phase  and  that  the  low-ten- 
sion winding  of  each  is  in  six  separate 
parts  for  connecting  in  three  double- 
delta — one  double-delta  for  each  con- 
verter. Fig.  1219  (a)  shows  the  devel- 
opment of  transformer  windings  and  the 
connections  using  all  three  transformers. 
This  is  shown  diagrammatically  for  one 
converter  bi-  Fig.  1219  (b).  If  one  trans- 
former is  disabled  the  other  two  trans- 
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formers  could  be  connected  in  V  on  the 
high-tension  side  and  three  double  V's 
on  the  low-tension  side.  Fig.  1219  (c) 
shows  the  development  and  connections 
assurning  transformer  No.  3  disabled; 
this  is  shown  diagrammatically  by  Fig. 
1219(d).  The  total  normal  capacity  of 
the  two  1000  k.v.a.  transformers  con- 
nected, as  shown  in  Fig.  1219(c),  will 
be  1730  k.v.a.  (86.6  percent  of  2000). 
The  method  of  starting  the  converters 
will  be  the  same,  no  matter  whether  all 
three  transformers  or  only  two  are  used. 

c.  s.  u. 

1220— Metallic  Flame  Arc  Lamp- 
Will  the  type  B  Westinghouse  metallic 
flame  arc  lamp  give  the  same  results 
when  burning  six  ampere  top  elec- 
trodes on  a  four  ampere  circuit  as  it 
will  when  burning  four  ampere  top 
electrodes  on  a  four  ampere  circuit? 
Also,  are  six  ampere  bottom  and  four 
ampere  bottom  electrodes  manufac- 
tured; if  so,  what  would  be  the  result 
of  using  six  ampere  top  and  four  am- 
pere bottom  electrodes  in  these  lamps 
on  a  four  ampere  circuit?      w.  r.  (ind.) 

We  understand  that  the  Westinghouse 
Company  manufactures  metallic  flame 
arc  lamps  and  electrodes  for  use  on  both 
four  ampere  and  6.6  ampere  direct-cur- 
rent scries  circuits.  The  four  ampere 
upper  or  negative  electrodes  do  not  dif- 
fer from  the  6.6  ampere  upper  or  nega- 
tive electrodes  in  size  or  appearance,  but 
have  a  somewhat  different  composition 
to  allow  for  satisfactory  operation  on 
the  low  current  circuits.  The  dimen- 
sions of  the  6.6  ampere  lower  or  posi- 
tive electrodes  are  somewhat  different 
from  those  of  the  four  ampere  lower  or 


positive  electrode,  in  order  to  provide  a 
slightly  greater  amount  of  material  for 
the  high  current  circuits.  To  secure  the 
best  performance,  the  four  ampere  upper 
and  four  ampere  lower  electrodes  should 
be  used  together  on  a  four  ampere  cir- 
cuit, while  the  6.6  ampere  upper  and 
lower  electrode  should  be  used  on  the 
6.6  ampere  circuit.  In  some  cases  where 
it  is  desirable  to  secure  a  longer  life,  6.6 
ampere  upper  electrodes  may  be  oper- 
ated on  a  four  ampere  circuit  with  four 
ampere  lower  electrodes.  The  use  of 
6.6  ampere  lower  electrode  on  a  four 
ampere  circuit  is  not  recommended 
under  usual  conditions,  even  when  a  6.6 
ampere  upper  electrode  is  employed. 
The  operation  of  a  6.6  ampere  upper 
electrode  with  a  four  ampere  lower 
electrode  on  a  four  ampere  direct-cur- 
rent series  circuit  will  give  a  consider- 
able longer  life,  but  only  about  60  per- 
cent of  the  light  given  by  the  four 
ampere  electrode  under  the  same  condi- 
tions. The  life  of  the  four  ampere  lower 
electrode  is  sufficient  to  last  the  in- 
creased period  that  the  upper  6.6  ampere 
electrode  will  burn  under  these  condi- 
tions, althou.gh  some  attention  should 
be  given  to  the  lamp.  w.  .\.  n. 

1221 — Transformer  Connections — Can 
the  transformer  banks  B  and  C  shown 
in  Fig.  1221  (a^  be  operated  in  par- 
allel on  2300  volts,  two-phase,  or  will 
the  voltages  be  displaced? 

w.  G.  s.  (tex.\s) 

Transformer  banks  B  and  C  cannot  be 
operated  in  parallel,  due  to  the  fact  that 
the  two-phase  voltages  of  the  two  banks 
cannot  be  brought  into  the  same  phase 
position  so  as  to  permit  of  paralleling. 


Bank  A 
IMOO  V    (Mu 
)•  IIOOO  V    6u> 


FIG.    1221    (a)    .\ND    (b) 

This  is  shown  in  phase  diagram,  Fig. 
1221  (b).  In  this  case  voltage  6-7  is  30 
degrees  out  of  phase  with  jo-ii,  and  the 
same  is  true  of  the  phase  relations  of 
4-5  and  8-g.  By  varying  the  trans- 
former connections  other  phase  posi- 
tions may  be  obtained,  but  none  of  them 
will  permit  of  parallel  operation,   w.  m.  m. 

1222— Shunting    Contact    Points— To 

reduce   sparking   at   the   contact   point 
on  a  multiple  circuit  of  eight  40  ohm, 
15  volt  electro-mechanical   bells,  is  it 
advisable  to  shunt  the  individual  bells 
or  to  use  one  shunt   for  all?     What 
should  be  the  resistance  of  the  shunt 
in  case  it  is  adopted?    What  should  be 
the  capacity  of  condenser  across  the 
contact  points?     The  circuit  is  oper- 
ated by  a  relay.        p.  E.  w.  (new  york) 
If  a  shunt  resistance  is  used,  it  will  be 
satisfactory  to   connect   a   single   resist- 
ance across   the  entire  set.     The  value 
should  be  not  greater  than  250  ohms,  to 
be  effective  in  suppressing  the  spark.    If 
a  condenser  of  2.5  micro-farads  capacity 
is   connected   across   the   contact   points 
the  spark  will  be  almost  entirely  absent 
without  the  use  of  a  shunt   resistance. 
The  condenser  should  be  able  to  stand  a 
test  of  at  least  700  volts  alternating  cur- 
rent,  or    1000   volts   direct   current,    for 
some  minutes  without  puncture.  p.  t. 

1223 — Care  of  Belts — We  have  in  our 
electric  light  plant  a  35  horse-power 
vertical  engine  using  a  low  grade  dis- 
tillate as  fuel.  The  engine  throws  a 
.trreat  deal  of  oil  on  the  belt  which 
drives  the  generator,  causing  the  belt 
to  become  thoroughly  saturated  with 
oil.  Naturally  the  belt  slips  a  great 
deal  on  heavy  loads,  in  spite  of  the 
fact  that  the  tension  is  very  tight.  Is 
there  any  way  that  this  oil  can  be 
taken  out  of  the  belt,  or  is  there  any 
application  that  will  neutralize  the  ef- 
fect? E.G.  N.  (iowa) 

Oil  can  be  very  readily  removed  from 
a  leather  belt  by  coiling  the  belt  loosely 
in  an  open  wire  basket,  then  immersing 
it  in  a  barrel  or  tub  containing  gasoline ; 
the  wire  basket  being  so  suspended  as 
to  keep  it  off  the  bottom  of  the  tub.  The 
Vlt  should  be  allowed  to  remain  in  the 
gasoline  from  12  to  24  hours,  after  which 
it  may  be  removed  and  allowed  to  dry 
thoroughly.  Naphtha  may  be  used  in 
place  of  gasoline  with  equally  good  re- 
sults, c.  B.  A. 
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1224 — Storage  Batteries — (a)  I  would 
like  to  know  of  a  simple  reliable  treat- 
ment for  wood  used  for  storage  bat- 
tery cases  to  preserve  from  the  action 
of  sulphuric  acid.  Can  a  good  paint 
be  bought  or  mixed?  (b)  Is  there 
any  method  to  patch  cracked  rubber 
batteryjars?  F.  G.  F.  (w.  VA.) 

(a)  The  general  method  now  used  for 
preserving  storage  battery  cases  against 
the  action  of  sulphuric  acid  is  to  apply 
several  coats  of  a  good  asphaltum  paint. 
Sucli  paints  are  sold  by  several  of  the 
paint  manufacturers  for  this  purpose. 
The  surface  should  be  dry.  and  any  acid 
present  in  the  pores  of  the  wood  or  on 
the  surface  should  be  neutralized  by 
means  of  a  solution  of  bicarbonate  of 
soda  (baking:  soda)  and  water,  (b)  The 
only  method  for  patching  a  hard  rubber 
battery  jar  is  to  re  vulcanize  the  proper 
hard  rubber  compound  about  the  crack 
so  as  to  form  a  patch  extending  through 
and  on  each  side  of  the  crack.  This  re- 
quires considerable  equipment,  as  well 
as  vulcanizing  apparatus,  and  it  is  ques- 
tionable after  the  job  is  completed  if 
there  has  been  any  actual  saving  in  ex- 
pense over  procuring  a  new  jar.      L.  H.  F. 

1225 — Connections    for   Wattmeter — I 

wish  to  make  permanent  connections 
to  current  and  voltage  transformers 
of  two  4500  k.v.a.  three-phase,  25 
cycle,  2300  volt,  alternating-current 
generators '  for  the  purpose  of  insert- 
ing a  curve  drawing  wattmeter  in  the 
circuit  of  either  machine.  Tiiese  trans- 
formers have  capacity  enough  to  take 
this  e.xtra  meter  and  are  of  the  right 
ratios.  I  want  to  arrange  some  scheme 
of  switches  which  will  not  leave  the 
current  transformer  secondaries  open 
when  this  temporary  meter  is  not  in 
circuit.  These  generators  are  con- 
nected to  the  bus-bars  between  out- 
going lines  so  that  one  set  of  instru- 
ment transformers  could  not  be  used 
to  get  the  loads  when  either  machine 
was  operating.  Hence  I  have  to  ar- 
range some  way  of  bringing  taps  from 
both  sets  of  generator  transformers  to 
a  central  point  where  I  can  use  this 
curve  draw-ng  meter. 

c.  c.  M.  (oHio) 
The  connections  desired  can  be  secured 
by  the  use  of  four  ammeter  receptacles 
and  two  voltmeter  receptacles  as  illus- 
trated by  Fig.  1225  (a).  Two  ammeter 
plugs  and  one  four  point  voltmeter  plug 
will  also  be  required.  Fig.  1225(b)  illus- 
trates the  manner  in  which  the  ammeter 
receptacle  short  circuits  the  current 
transformer  when  the  ammeter  plug  is 
not  inserted.  The  contacts  represented 
by  short  arcs  do  not  make  contact  with 
any  of  the  terminals  when  the  ammeter 
is  not  inserted.  Fig.  1225  (c)  illustrates 
how  the  meter  coil  is  placed  in  the  cir- 
cuit when  the  ammeter  plug  is  inserted. 
The  contacts  represented  by  short  arcs 
now  make  contact  with  the  ammeter 
switch  terminals  as  illustrated.  The  two 
terminals  to  which  the  current  trans- 
former is  connected  are  no  longer  short- 
circuited  as  shown  in  Fig.  1223  (b).  Fig. 
1225(d)  illustrates  a  voltmeter  recep- 
tacle without  the  voltmeter  plug  inserted. 
When  the  plug  is  inserted  an  electrical 
connection  is  made  between  the  two  up- 
per terminals  and  between  the  two  lower 
terminals  as  illustrated  by  Fig.  1225(e). 
The  same  result  may  be  accomplished  by 
the  use  of  two  wattmeter  switches,  as 
shown  in  Fig.  1225  (f).  In  this  case 
only  one  plug  is  necessary.  Fig.  1225(g) 
illustrates  how  the  current  transformers 
are  short  circuited  when  the  plug  is  not 
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inserted  in  the  switch  and  the  voltage 
transformer  circuits  are  open.  Fig. 
1225(h)  illustrates  the  switch  connection 
when  the  plug  is  inserted  in  the  switch. 

R.    M.  R. 

1226— Trees    Killed    by    Electricity— 

The  trees  in  an  amusement  park  are 
illuminated  by  lamp  sockets  screwed 
into  the  limbs  and  fed  from  a  500  volt 
direct-current  circuit,  arranged  five 
lamps  in  series.  There  is  evidently 
some  action  causing  the  trees  to  decay 
and  die  rapidly,  but  we  are  at  a  loss  to 
ascertain  as  to  whether  it  is  on  account 
of  leakage  of  the  direct  current,  of 
which  there  seems  to  be  a  great  deal, 
or  whether  it  is  some  other  cause.  Can 
j'ou  advise  me  further  in  this  respect, 
and  also  whether  the  effect  on  the 
trees  would  be  as  great  on  alternating 
current  as  it  would  be  on  direct  cur- 
rent, if  that  is  the  cause  of  the  injury 
to  the  trees.  F.  t.  F.  (c.\HF.) 

This  question  is  treated  at  some 
length  in  Bulletin  156  of  the  Massachu- 
setts Agricultural  Experiment  Station. 
When  direct  current  is  used  there  seems 
to  be  a  certain  electrolytic  action  which 
in  time  may  cause  the  death  of  limbs  or 
trees.  The  action  of  direct  current  is 
much  more  noticeable  when  the  over- 
liead  wire  is  negative  and  the  ground 
positive.  In  general,  small  alternating 
currents  act  as  a  stimulus  to  the  plant, 
and  growth  and  development  are  accele- 
rated. The  current  producing  the  maxi- 
mum stimulus  is  very  small.  Larger  al- 
ternating  currents    produce   only    slight 


effect  except  when  they  are  sufficiently 
large  to  cause  injury  by  heating.  Most 
injury  to  trees  takes  place  at  or  near  the 
point  of  contact  with  tlie  wire  and  is 
usually  done  during  wet  weather.  Even 
in  cases  where  the  wood  tissue  appears 
to  be  injured,  it  appears  to  be  due  to 
heat  produced  by  the  current  rather  than 
by  any  chemical  action.  c.  R.  R. 

1227— Insulating  Varnishes — Does  the 
denaturing  of  alcohol  by  any  of  the 
processes  used  injure  the  insulating 
properties  of  varnishes  and  shellacs 
in  which  denatured  alcohol  is  used?  I 
Iiave  heard  that  such  varnishes  have 
been  known  to  corrode  the  copper  and 
cause  electrolytic  action  between  con- 
ductors. F.  B.  (wash.) 

Experience  does  not  indicate  that  the 
denaturing  impairs  alcohol  for  use  in 
insulating  varnishes  if  properly  done. 
Large  amounts  of  a  special  denatured 
alcohol  are  being  used  in  electrical  work 
in  connection  with  shellac  and  bakelite 
materials  witli  no  difficulty  whatever. 

R.  P.  J. 

1228— Leakage  Current — Fig.  1228  (a) 
shows  a  sketcli  of  one  of  four  sets  of 
lines  entering  a  sub-station.  With  the 
oil  switch  open  and  the  line  alive  from 
the  generating  station  end — if  the  mid- 
dle disconnecting  switch  is  closed, 
leaving  the  other  two  open — the  volt- 
meter shows  a  reading  of  about  80 
volts.  If  one  of  the  outside  discon- 
necting switches  is  closed,  leaving  the 
other  two  open,  the  voltmeter  shows 
a  reading  of  about  40  volts,  while  with 
tlie  third  disconnecting  switch  closed 
and  the  others  opened,  a  reading  of 
about  15  volts  is  obtained.  How  does 
sufficient  current  flow  through  the  pri- 
mary of  the  potential  transformer  to 
give  the  secondary  readings  when  only 
one  disconnecting  switch  is  closed? 
The  cable  in  the  four-inch  pipe  is 
three-phase,  insulated  for  25  000  volts. 
Is  there  enough  capacity  in  this  short 
length  of  cable  to  allow  sufficient  cur- 
rent to  flow  through  the  potential 
transformers?  .-Ml  four  sets  of  incom- 
ing lines  act  the  same.      i..  a.  f.  (  mass.) 

The  oil  switch  shown  in  Fig.  1228  (a), 
even  altliough  it  is  open,  has,  neverthe- 
less, considerable  static  capacity  which 
would  be  added  to  the  static  capacity  of 
the  cable  in  producing  tlie  effect  which 
you  mention.  There  is  also  undoubtedly 
.some  leakage  current  through  the  insu- 
lation of  the  cable  and  of  the  oil  switch, 
and     possibly    over    the     insulators    on 
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FIG.  1228  (a) 

which  the  choke  coils  and  the  leads 
from  the  choke  coil  to  the  cable  and 
from  the  cable  to  the  oil  switch  are  sup- 
l)orted.  Some  of  these  effects  might 
very  well  be  sufficient  to  give  the  re- 
([uired  amount  of  current,  and  the  varia- 
tion in  the  quantity  of  the  leakage  cur- 
rent would  account  for  the  variation  in 
the  readings  obtained.  c.  R.  R. 
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1229 — Speed  Adjustment — We  have  a 
230  vult,  650-950  r.ij.m.,  direct-current, 
conipound-vvoiiiul  motor.  The  full 
field  current  is  0.73  of  an  ampere  and 
the  field  winding  has  315  ohms.  How 
much  resistance  should  be  added  to 
bring  the  speed  up  from  650  to  9.50 
r.p.m.  Is  the  same  formula  used  in 
fignriiiK  the  weakening  of  fields  in 
commntating  pole  motors  and  in  plain 
shunt-wound  motors. 

V.  J.  L.  (new  York) 
This  question  cannot  be  answered 
with  the  data  given,  as  points  on  the 
magnetization  curve  are  required  to 
make  the  calculation.  The  easiest  and 
most  direct  method  for  this  case  is  to 
make  a  test,  using  a  temporary  resist- 
ance. The  same  formula  is  used,  in 
general,  for  calculating  the  resistance 
required  for  speed  adjustment  by  shunt 
field  control  with  non-commutating  and 
with  comnuitating  poles.  Some  discrep- 
ancies in  results  may  be  obtained,  par- 
ticularly if  both  motors  have  neutral  set- 
ting of  brushes  and  the  speed  range  is 
wide,  since  in  the  non.commutating  pole 
motor  the  circulating  current  in  the 
short-circuited  coils  tends  to  strengthen 
the  main  field  flux,  and  in  the  commnta- 
ting pole  machine  it  either  has  no  effect, 
or  if  the  machine  is  slightly  overcom- 
pensated,  as  is  the  most  usual  case,  the 
circulating  current  in  the  coils  short-cir- 
cuited by  the  brushes  weakens  the  main 
field  flux.  These  factors  would  result  in 
a  smaller  field  current  being  required,  in 
general,  for  the  non-commutating  pole 
than  for  the  commutating  pole  motor. 

A.  C.  L. 

1230— Electrolytic  Rectifier — An   elec- 
tric piano  is  to  be  operated  by  a  one- 
eighth  horse-power,  90  volt  direct-cur- 
rent motor  from   no  volt  alternating- 
current  mains  ;  an  electrolytic  rectifier 
consisting  of  four  cells,  each  cell  con- 
taining one  sheet  steel  and  one  alum- 
inum   electrode,    is    furnished.     When 
connected  as  in  Fig.  1230  (a)  the  fuses 
are    blown    when    the    circuit    to    the 
motor  is  closed.     Are  the  connections 
to   the   rectifier   correct?     Is   there   a 
rectifier  on   the  market  which   would 
be   better   suited   to   the   above   condi- 
tions than  the  electrolytic?   The  manu- 
facturers of   the  piano  claim   that   an 
alternating.current  motor  is  too  noisy. 
H.  R.  L.  (onio) 
The   reason    for   the   trouble   with   the 
aluminum  electrolytic  rectifier  is  that  the 
connections  arc  wrong  and  amount  prac- 
tically to  a  short-circuit  rather  than  rec- 
tification.    The   proper   connections   are 
shown   in   Fig.   1230(b),   from   which   it 
will   be   seen   that   the   connections   used 
resemble  those  of  the  ordinary  Wheat- 
stone  bridge.     One-half  wave  of  the  al- 
ternating   current    passes    through    one 
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FIG.  1230  (a)  and  (b) 

aluminum  cell  on  one  side,  then  across 
the  direct-current  lead  and  out  through 
one  alumitunn  cell  oi\  the  other  side  of 
the  circuit.  The  other  half-wave  flows 
through  the  other  two  aluminum  cells 
in  a  similar  maimer,  and  thus  both 
halves  pass  through  the  direct-current 
load  in  the  same  direction..  Resistance 
can  be  connected  in  either  the  alternat- 
ing-current or  direct-current  circuits  as 


desired.  A  coil  wound  on  an  iron  core 
with  at  least  a  small  air-gap  in  the  core 
will  Iielp  commutation  by  smoothing  out 
the  ilirect  current.  This  coil,  if  used, 
should  be  connected  in  the  direct-current 
circuit  in  series  with  the  motor.  It  is 
possible  to  use  a  small  mercury  rectifier 
for  operating  small  motors  used  with 
electric  piano  ])layers.  and  such  rectifiers 
have  been  furnished  for  this  service. 
The  oidy  serious  objection  to  mercury 
rectifiers  is  that  it  is  necessary  to  tilt  the 
bulb  to  start  it.  Merely  closing  the  line 
switch  is  not  in  itself  sufiicient.       o.  a.  B. 

1231 — Compound  Generator — I  have  a 
two-pole,  IJ5  volt,  83  ampere,  3600 
r.p.m.  compound  direct-current  geiier- 
ator  which  runs  hot  all  of  the  time 
and  seems  to  work  as  though  one  set 
of  coils  in  the  field  was  opposing  the 
other  set.  I  also  have  a  four-pole,  125 
volt,  283  ampere,  3600  r.p.m.  machine. 
When  the  load  is  increased  on  the 
four-pole  machine  the  voltage  raises, 
but  on  tlie  two-pole  machine  it  drops 
when  the  load  comes  on,  and  then  set- 
tles back  to  where  the  rheostat  is  set 
for.  These  two  machines  will  not 
operate  in  parallel.  The  brushes  spark 
badly  on  the  two-pole  machine.  This 
machine  is  not  overloaded,  as  I  have 
tested  this  with  meters.  Kindly  ex- 
plain. E.  M.D.  (wash.) 

Bucking  field  coils  on  a  two-pole  gen- 
erator would  prevent  the  machine  from 
building  up  ludess  the  coils  were  of  un- 
e(iual  strength  due  to  impaired  insula- 
tion. In  the  latter  case  a  low  voltage 
would  be  obtained  on  the  terminals 
when  the  fields  were  normally  excited, 
but  it  would  not  be  possible  to  obtain 
the  rated  voltage.  The  most  likely 
source  of  high  temperatures  in  this  in- 
stance is  due  to  the  sparking  of  the 
brushes.  This  raises  the  commutator  tem- 
perature, which  rapidly  spreads  through- 
out the  rotor,  and  by  increasing  the  tem- 
perature of  the  air  blown  on  the  sta- 
tionary parts  raises  the  temperature  of 
these  also.  To  correct  the  difficulty  it 
is  essential  that  tlic  commutation  be  im- 
proved. In  direct-current  turbogener- 
ators, poor  commutation  is  more  often 
due  to  mechanical  tlian  to  electrical  rea- 
sons. Mechanical  vibration,  due  to  un- 
satisfactory tuechanical  balance  or  worn 
bearings;  poor  brush  contact  on  account 
of  worn  or  dirt}-  commutator,  high  bars 
or  high  mica,  or  incorrect  adjustment 
such  as  improper  spacing  of  the  brushes 
about  the  commutator,  or  unsuitable 
brush  position,  all  represent  possible 
sources  of  difficulty.  Aside  from  these 
the  grade  of  brush  and  its  angle  with 
the  commutator  surface  are  extremely 
important.  The  points  which  can  readily 
be  checked  are  the  brusli  spacing  and 
brush  position ;  the  possibility  of  high 
bars,  which  would  be  indicated  by  a  no- 
ticeable chattering  of  the  brushes  in  the 
holders  when  a  pencil  point  is  held  on 
the  top  of  the  brush ;  and  high  mica, 
which  should  in  all  cases  be  undercut 
well  below  the  commutator  surface.  If 
these  suggestions  do  not  indicate  the 
correct  source  of  trouble  we  would  ad- 
vise referring  the  matter  to  the  manu- 
facturer. Voltage  variation  with  gradual 
change  of  load  depends  upon  the  com- 
poundin.g  adjustment  of  the  series  field. 
On  the  other  hand,  sudden  throwing  on 
or  off  a  large  percentage  of  the  rated 
capacity  inherently  gives  rise  to  a  mo- 
mentary decrease  or  increase  of  the  volt, 
age.  which  immediately  settles  to  its 
final  value.  This  action  is  seldom  no- 
ticeable on  the  ordinary  type  of  meter 
unless   the  amount  of   load  change   ex- 


ceeds 50  percent  of  the  rated  capacity, 
and  even  with  sudden  throwing  on  or  off 
of  full  load  the  meter  indication  may 
not  show  iriore  than  5  to  15  percent  mo- 
mentary voltage  fluctuation.  For  the  in- 
stance cited  in  the  question,  the  apparent 
rise  and  subsequent  settling  of  the  volt- 
age is  probably  due  to  lack  of  dead-beat 
characteristics  in  the  meter — i.  e.,  the 
meter  needle  over.shoots,  due  to  its  in- 
ertia. Three  conditions  should  be  ful- 
filled to  secure  satisfactory  service  when 
operating  in  parallel,  (a)  Both  machines 
should  be  adjusted  independently,  for 
the  same  compounding  between  no  load 
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(b) 

FIG.  1231    (a)   and   (b) 

and  full  load,  by  means  of  shunts  d  and 
d'.  Fig.  1231  (a)  on  the  series  fields,  (b) 
The  machines  should  be  connected  to- 
gether by  an  equalizer  lead,  aa^,  of  low 
resistance  as  compared  with  the  resist- 
ance of  the  series  fields,  (c)  If  each 
machine  is  to  take  its  proportionate 
share  of  the  load,  they  should  be  ad- 
justed independently  to  give  the  same 
full-load  voltage  drop  across  their  series 
fields,  these  drops  to  be  measured  at  the 
switchboard  between  the  main  and 
equalizer  busses,  and  to  include  the  drop 
in  cable  connections.  If  the  normal 
full-load  series  !R  is  ajipreciably  higher 
in  one  machine,  say  No.  2,  than  in  the 
other,  adjustment  should  be  made  by  in. 
setting  a  low  resistance  c  in  the  field  cir- 
cuit of  the  machine  having  the  lowest 
IR  and  leaving  the  series  shunt  adjust- 
ment found  as  above,  d  and  d<,  unal- 
tered. In  applying  a  lamp  as  a  test  of 
suitable  conditions  for  connecting  ma- 
chines together  after  the  adjustments 
mentioned  above  have  been  made,  a 
lamp  of  double  the  machine  voltage 
should  be  used.  Referring  to  Fig. 
1 23 1  (b),  connect  No.  J  machine  to  the 
busses  by  switches  .1,  C  and  E,  and  con- 
nect machine  No.  2  to  the  negative  and 
equalizer  busses  only  by  switches  B  and 
f.  l-'or  parallel  operation  the  voltage  of 
the  two  machines  must  be  of  the  same 
value,  hut  opposed,  as  otherwise  the  in- 
coming machine  would  be  a  short-cir- 
cuit on  the  first.  If  it  is  safe  to  close 
switch  D  to  put  the  machines  in  par- 
allel, the  lamp  </  located  across  the 
switch  will  be  dark.  On  the  other,  hand, 
if  machine  No.  2  has  incorrect  polarity, 
the  light  <7  will  give  normal  brilliancy 
(double  voltage).  The  polarity  must, 
therefore,  be  reversed  before  D  can  be 
closed.  R.  H.  T. 


CORRECTIONS 


lit  the  JouRMAi,  for  August,  1915,  P- 
345,  in  the  formula  in  the  second  col- 
umn, the  constant  210000  should  read 
810000.  On  page  383,  a  line  was  omitted 
between  the  second  and  tliird  lines  above 
Fig.  I  in  the  first  coluum  which  should 
read  "there  are  two  parallel  paths  of 
unequal  resistance  through  the." 
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PERSONALS 

Mr.  Guy  E.  Tripp,  chairman  of  the 
board  of  directors  of  the  Westinghouse 
Electric  &  Mfg.  Company,  has  been 
elected  chairman  of  the  hoard  of  di- 
rectors of  the  \N'est  Penn  Traction  Com- 
pany, Pittsburgh,  Pa. 


Mr.  Alexander  Gray,  of  McGil!  Uni- 
versity, has  been  appointed  professor  of 
electrical  en,gineering  in  Sibley  College, 
Cornell  University,  to  fill  the  vacancy 
caused  by  the  resignation  of  Prof.  H.  H. 
Norris. 


Dr.  .\.  S.  McAllister,  editor-in-chief 
of  the  Electrical  World,  has  resigned. 
Dr.  McAllister  has  not  yet  announced 
his  plans  for  the  future,  although  he  will 
still  be  retained  in  an  advisory  capacity 
by  the  Electrical  li'orld. 


Mr.  Samuel  Insull,  president  of  the 
Commonwealth  Edison  Company,  of 
Chicago,  has  been  elected  president  of 
the  West  Penn  Traction  Company, 
Pittsburgh,  Pa. 


Mr.  Ray  Palmer,  commissioner  of  gas 
and  electricity  for  the  City  of  Chicago, 
has  resigned  to  resume  his  consulting 
engineering  practice  in  Chicago. 


Mr.  .\drian  Tobias,  meter  specialist 
for  the  Westinghouse  Electric  &  Mfg. 
Company,  has  resigned  to  accept  the  ap- 
pointment of  superintendent  of  meters 
for  the  Republic  Railway  &  Light  Com- 
pany, which  operates  27  electric  railway 
and  light  properties  in  the  vicinity  of 
Youngstown,  O. 


Mr.  William  A.  Del  Mar  has  resigned 
from  the  electrical  engineering  depart- 
ment of  the  New  York  Central  &  Hud- 
son River  Railroad  to  become  assistant 
electrical  engineer  of  the  Interborough 
Rapid  Transit  Company  of  New  York. 


Mr.  W.  P.  Cochran,  branch  manager 
of  the  Westinghouse  Electric  &  Mfg. 
Company  at  Baltimore,  has  been  ap- 
pointed assistant  district  manager  of  the 
Philadelphia  district,  which  includes  the 
Baltimore  territory.  His  headquarters 
will  be  in  Philadelphia.  Mr.  M.  H.  Jones, 
assistant  to  the  manager,  will  have 
charge  of  the  Baltimore  branch  office. 


Mr.  Carl  N.  Knopp,  of  the  Chicago 
office  of  the  Cooper-Hewitt  Electric 
Company,  has  been  appointed  manager 
of  their  St.  Louis  office. 


Mr.  C.  E.  Hardy,  industrial  engineer 
with  the  San  Francisco  office  of  the 
Westinghouse  Electric  &  Mfg.  Com- 
pany, has  resigned  to  accept  the  position 
of  chief  of  the  electrical  department  of 
the  City  of  Oakland,  California. 


Mr.  William  C.  Whitney,  for  several 
years  director  of  the  Spra.gue  Electric 
Works,  New  York  office,  printing  ma- 
chinery equipment  division,  has  become 
connected  with  the  American  Rotary 
Valve  Company,  and  is  now  located  in 
its  New  York  office  at  30  Church  street, 
where  he  will  act  in  the  capacity  of  in- 
dustrial engineer  in  exploiting  and  sell- 
ing electric  motors  for  control  equip- 
ments. 


RAILWAY   CONVENTION   TOUR 
TRAINS 

The  itineraries  of  the  convention 
trains  which  have  been  arranged  by  the 
transportation  committee  of  the  Amer- 
ican Electric  Railway  Association  to  the 
annual  convention  which  is  to  be  held  in 
San  Francisco,  October  4th  to  8th,  have 
been  published  in  elaborate  booklets,  one 
for  each  of  the  three  trains.  The  Red 
Special  will  leave  New  York  City  Sep- 
tember 23rd  for  a  30  day  tour.  The 
Blue  Special  will  leave  New  York  Sep- 
tember 27th  on  a  27  day  tour,  while  the 
White  Special  will  be  a  special  one-way 
train  leaving  Chicago  October  ist.  The 
Red  Special  will  be  under  the  personal 
direction  of  Mr.  F.  H.  Gale,  and  the 
Blue  Special  under  the  direction  of  Mr. 
J.  C.  McQuiston.  Complete  printed  itin- 
eraries will  be  sent  on  request  by  di- 
rector of  transportation,  Mr.  H.  G.  Mc- 
Connaughy,  165  Broadway,  New  York, 
N.  Y. 


NEW  BOOKS 


"The  Art  of  Writing  English"— R.  W. 
Brown  and  N.  W.  Barnes.  382  pages. 
Published  by  the  American  Book  Com- 
pany, New  York  City.  For  sale  by 
The  Electric  Journal.    Price  $1.20. 

Mr.  P.  M.  Lincoln,  in  this  issue  of  the 
Journal,  says  : — "The  average  college 
graduate's  most  apparent  deficiency  is 
his  inability  to  express  himself  clearly. 
Clearness,  conciseness  and  cogency  of 
expression,  by  spoken  or  written  lan- 
guage, is  an  absolute  sine  qua  non  of 
success."  In  "The  Art  of  Writing  Eng- 
lish" the  authors  have  considered  that 
writing  is  a  communicative  art,  whose 
end  is  attained  only  when  a  certain  de- 
sired effect  is  produced  upon  the  reader. 
The  character  and  training  of  the  prob- 
able reader  are  accordingly  kept  perma- 
nently in  mind.  This  attitude  is  espe- 
cially necessary  to  a  writer  of  technical 
literature,  who  usually  cares  nothing, 
per  sc,  for  the  form  in  which  his  ideas 
are  expressed,  if  only  the  ideas  them- 
selves are  correct.  It  does  not  follow, 
however,  that  the  technical  man  can  af- 
ford to  ignore  the  form  of  his  sentences 
and  paragraphs.  He  must  e.xercise  due 
care  not  only  that  he  will  express  the 
desired  idea,  but  that  he  will  express  it 
so  exactly  that  no  possible  preconceived 
idea  on  the  part  of  the  reader  can  cause 
a  misunderstanding.  Moreover,  he  must 
be  sufficiently  concise  that  his  ideas  will 
not  be  obscured  by  a  fog  of  words. 
"The  Art  of  Writing  English"  was  pre- 
pared as  a  te.xtbook  for  college  classes. 
It  is  more  than  that.  It  is  a  logically 
prepared  and  interesting  discussion  of 
the  method  by  which  good  writing  is 
produced  ;  and  should  prove  a  source  of 
inspiration  to  whoever  desires  to  im- 
prove in  the  art  of  written  communica- 
tion. It  is  not  suggested,  of  course,  that 
the  mere  perusal  of  such  a  volume  will 
transform  one  into  a  good  writer.  But 
such  subject  headings  as  "Means  of  Im- 
proving the  Vocabulary,"  "The  Use  of 
Words,"  "The  Need  of  a  Plan,"  "The 
Essentials  of  Self-Criticisms  in  Revi- 
sion," "The  Attitude  of  the  Writer" — 
selected  at  random  from  the  table  of 
contents  —  indicate  its  suggestive  and 
helpful  nature.  The  authors  point  out 
that  writing  is  an  art — and  must  be 
learned  by  practice.  There  are,  how- 
ever, certain  fundamental  principles  upon 
which  the  art  is  based ;  and  an  under- 
standing of  these  principles  will  mate- 
rially  assist  the   practice.     The   discus- 


sion on  the  mechanics  of  self-criticsm 
and  revision  forms  one  of  the  valuable 
features  of  this  volume.  In  addition  to 
its  otlier  good  qualities,  the  book  is  en- 
tertainingly written,  many  of  the  "hor- 
rible examples"  bearing  witness  that  the 
authors  are  possessed  of  a  sense  of 
humor.  It  is  at  once  practical  and  in- 
spiring ;  and  may  well  be  recommended 
as  a  guide  book  in  the  practice  of 
writing.  c.  R.  R. 


"Installing  Efficiency  Methods" — C.  E 
Knocppel.  258  pages,  103  illustrations. 
Published  by  the  Engineering  Maga- 
zine. For  sale  by  the  Electric  Journal. 
Price  $3.00. 

This  work  is  not  merely  a  declaration 
of  principles  but  describes  actual  meth- 
ods for  increasing  the  efficiency  of  man- 
ufacturing establishments  and  how  they 
are  put  into  practical  effect.  The  intro- 
ductory chapters  are  in  the  nature  of 
a  dialogue  between  the  officers  of  a  man- 
ufacturing concern  and  an  expert  on 
management  and  organization.  These 
and  following  chapters  undertake  to  ex- 
plain to  manufacturers  what  are  the 
first  things  an  efficiency  engineer  does 
when  he  comes  into  a  plant  and  how 
he  finds  out  how  to  begin  the  work  of 
betterment  and  what  he  does  do  when 
he  has  found  out.  As  originally  prepared 
this  material  appeared  serially  in  the 
Engineering  Magazine  during  the  last 
year.  Methods  are  given  for  making 
time  studies,  installing  a  planning  de- 
l)artment.  stanilardizing  working  condi- 
tions and  operations,  the  bonus  system 
of  wage  payment,  and  manufacturing 
cost  systems.  The  book  is  well  illus- 
trated with  practical  forms  and  schemes 
for  actual  installations  ot  efficiency 
methods.  The  author  has  had  a  varied 
experience  and  has  had  an  excellent  op- 
portunity to  study  industrial  efficiency  ar 
close  range  in  a  large  number  of  manu- 
facturing plants.  This  book  forms  a 
worthy  addition  to  the  group  on  effi- 
ciency methods.  A.  H.  M. 


"So  the  People  May  Know"  —  H.  L. 
Doherty.  60  pages.  Full-page  news- 
paper advertisements.  Blade  Printing 
&  Paper  Co.,  Toledo,  Ohio.  Price 
$2.00. 

These  advertisements  constitute  a 
plain  and  straightforward  appeal  to  the 
people  of  Toledo  in  the  controvers.y  be- 
tween the  Toledo  Railway  S:  Light  Com- 
pany and  the  city  in  the  attempt  to  re- 
new an  expiring  franchise  and  over- 
throwing a  three-cent  fare  ordinance 
[)assed  by  the  Council.  It  displays  very 
markedli'  the  difficulties  confronting  the 
company  and  the  heroic  effort  made  to 
combat  the  situation.  As  is  frequently 
the  case,  the  whole  proposition  has  its 
beginning  in  the  endeavor  of  the  city  ad- 
ministration to  manufacture  political 
capital.  That  it  has  not  succeeded  is  to 
be  credited  to  the  very  able  and  persist- 
ent work  of  Mr.  Doherty  and  his  asso- 
ciates, and  these  write-ups  exhibit  the 
methods  adopted  to  have  the  public  in- 
tercede in  the  interest  of  fairness  and 
the  welfare  of  Toledo.  Public  Service 
Companies  encounter  conditions  of  like 
nature  quite  frcquentlj'  but  not  usually 
to  such  a  serious  degree,  and  it  will  be 
well  worth  their  while  to  note  what  th» 
Toledo  company  has  done  in  its  noted 
case.  E.  D.  D. 
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THE  ELECTRIC  CABLE  COMPANY 
OPENS  CHICAGO  BRANCH 

The  Electric  Cable  Company,  New 
York  City,  has  established  an  office  in 
the  Peoples  Gas  Building,  Chicago,  111., 
under  the  management  of  Mr.  James  W. 
White,  who  for  a  number  of  years  had 
been  connected  with  the  Union  Switch 
&  Signal  Company  as  special  representa- 
tive and  assistant  to  the  vice  president 
in  charge  of  sales.  Mr.  James  M.  Brown, 
formerly  with  the  Lorain  Steel  Com- 
pany, and  Mr.  Cyrus  R.  King,  formerly 
with  the  Pittsburgh  Steel  Products  Com- 
pany, have  also  been  assigned  to  the 
Chicago  office. 


the  motor  may  be  removed  for  other 
purposes.  Simple  accessories  facilitate 
its  use  as  a  sewing-machine  motor,  or  to 
operate  small  grinding  or  buffing  wheels, 
and  save  the  cost  of  the  additional 
motor  usually  required  with  such  appa- 
ratus. 


A  NEW  ELECTRIC  WASHER 

An  electric  washing  machine  known 
as  the  Kelman  Electric  Washer — "The 
Stationary-Tub  Electric  Washer"— em- 
bodying many  new  and  radically  differ- 
ent features,  has  been  developed  by  the 
Kelman  Electric  &  Mfg.  Company,  Los 
Angeles,  Cal.,  and  is  now  being  placed 
on  the  market.  This  machine  washes, 
wrings,  rinses  and  blues  in  any  station- 
ary tub  and  eliminates  all  handling  of 
water  by  the  operator — the  plumbing 
fills  and  empties  tlie  tub  for  lier.  Being 
motuitod  (in  the  stationary  tub,  the  ma- 


chine is  entirely  out  of  the  way;  yet  it 
is  always  ready  for  use,  and  avoids  all 
"getting  ready"  and  "putting  away.'  The 
well-known  vacuum  principle  of  wash- 
ing is  utilized  ;  the  smooth  vacuum  cups 
wash  clean  through — without  injury  to 
the  fabric.  Anything  from  the  most 
delicate  and  sheerest  laces  to  rag  rugs, 
heavy  bedding  or  blankets  can  be 
washed  without  tearing.  The  operation 
is  extremely  simple — one  operating  han- 
dle, by  a  slight  movement  one  way  or 
the  other,  governs  the  action  of  the 
wringer  or  the  washer.  To  reverse  the 
wringer,  the  motor  is  reversed  by  means 
of  an  ingenuous  four-point  attachment 
plug.  This  electrical  reversing  instead 
of  mechanical  eliminates  the  compli- 
cated gearing  otherwise  required.  Safety 
of  operation  is  provided  for  by  enclos- 
ing the  mechanism ;  by  a  safety  pres- 
sure-release on  the  wringer,  whereby 
pressure  can  be  instantly  removed  from 
the  wringer  rolls :  and  by  the  four- 
Ijoint  attachment  plug,  which  may  be 
quickly  detached,  stopped  the  washer  or 
wringer  immediately.  Long  life  and 
freedom  from  repair  is  insured  by  the 
simple  substantial  construction.  Worm- 
and-gear  mechanism,  running  in  ball 
bearings,  with  ample  provision  for  lu- 
brication, reduces  friction  and  wear  to  a 
minimum.     By  loosening  a  thumb  screw 


NEW  BOOKS 


".Applied  Electro-Chemistry  and  Weld- 
ing"—Charles  F.  Burgess  and  George 
W.  Cravens.  Published  by  the  Amer- 
ican Technical  Society,  Chicago.  Price 
$1.50. 

The  book  is  divided  into  two  parts, 
the  first  relating  to  ".-Xpplied  Chemistry," 
by  Prof.  Charles  F.  Burgess,  of  tlie  Uni- 
versity of  Wisconsin;  the  second  part  to 
"Welding,"  by  Mr.  George  W.  Cravens, 
of  the  Crocker-Wheeler  Company.  The 
book  is  well-written,  well-illustrated,  sin- 
gularly free  from  mathematical  and 
chemical  formulae  and  covers  the  sub- 
jects treated  in  an  exceedingly  interest- 
ing manner.  It  should  appeal  both  to 
technical  and  practical  men  who  desire 
to  keep  posted  in  a  general  way  (with- 
out having  to  absorb  too  great  detail)  on 
some  of  the  more  important  methods 
and  processes  that  are  becoming  of  in- 
creasing value  to  a  greater  and  greater 
number  of  manufacturing  industries. 
The  first  part  of  the  book  discusses  in 
turn  electrolysis  and  its  applications, 
electro-plating,  decomposition  of  salt 
solutions,  fused  electrolytes,  electric  fur- 
naces and  electrical  discharge  in  gases, 
and  will  be  found  to  be  of  more  prac- 
tical importance  tlian  the  mere  reading 
of  these  names  would  imply  to  the  aver- 
age reader.  Under  electrolysis  and  its 
applications  are  described  the  action  of 
the  electrolytic  cell  with  its  fundamental 
laws,  together  with  the  general  features 
of  a  recovery  process,  including  brief 
mention  of  tlie  electroUtic  recovering  of 
copper  and  silver,  as  well  as  the  possi- 
l)ilitics  of  extending  the  method  to  otlier 
metals.  The  chapter  on  electro-plating 
outlines  the  process  itself,  the  working 
solutions  for  several  of  the  common 
metals,  the  essential  factors  in  successful 
plating  and  the  main  difficulties  encoun- 
tered. The  decomposition  of  salt  solu- 
tions embraces  simple  descriptions  of 
the  electrolytic  manufacture  of  certain 
oxidizing  agents  for  bleaching  and  dis- 
infecting purposes,  as  well  as  such  other 
important  items  as  caustic  soda,  oxygen 
and  hydrogen.  The  chapter  devoted  to 
"Fused  Electrolyte"  is  of  especial  inter- 
est, as  among  the  products  described  is 
the  electrolytic  manufacture  of  alumi- 
num. Considerable  space  is  given  to  de- 
scription of  the  various  types  of  electric 
furnaces,  arc.  resistance  and  induction, 
with  tlieir  applications  and  the  m.anu- 
facture  of  graphite,  carborundum,  steel 
and  iron.  The  advantages  of  electric 
furnaces  are  also  set  forth  and  compari- 
sons made  between  electrical  and  fuel 
lieating.  The  first  part  closes  with  a 
short  chapter  on  electric  discharge  in 
gases.  The  production  of  ozone,  the 
fixation  of  nitrogen  and  fume  precipita- 
tion are  each  briefly  described.  The  sec- 
ond part  of  the  book  on  "Welding"  is  in 
its  way  equal  to  the  first,  though  crit- 
icism may  be  made  that  the  author  has 
unfortunately  permitted  himself  to  make 
too  positive  statements  with  respect  to 
various  types  of  welding  equipments,  as 
well  as  giving  at  times  undue  promi- 
nence to  purely  theoretical  considera- 
tions. The  prefatory  pages  contain  brief 
outlines  of  the  more  commonly  used 
metals  and  their  characteristics  and  the 


several  processes  of  welding,  brazing, 
soldering  and  riveting.  Each  of  these 
several  processes  is  then  discussed  in 
turn  at  some  length  and,  while  much 
useful  data  is  given,  including  diagrams 
of  various  combinations  of  electrical 
welding  circuits,  some  of  the  arguments 
advanced  in  connection  with  these  latter 
are  purely  academic  and  do  not  exist  in 
practice.  A  further  criticism  may  be 
made  in  that  little  is  said  as  to  the  rela- 
tive difficulty  of  welding  certain  metals, 
so  that  the  lay  reader  would  infer,  for 
example,  that  cast  iron  presented  no 
more  difficulty  in  welding  than  wrought 
iron  or  steel,  whereas  it  is  much  more 
difficult.  The  cutting  of  metals,  both  elec- 
trically and  by  gas  processes,  is  also 
treated  at  some  length.  c.  b.  a. 


"Oxy-Acetylene  Welding  and  Cutting" 
■ — Calvin  S.  Swingle,  iqo  pages,  75 
illustrations,  45^2x6^.  Published  by 
Frederick  J.  Drake  &  Co.,  Chicago. 
For  sale  by  The  Electric  Journal. 
Price,  $1.00. 

This  is  a  handy  little  volume,  conveni- 
ent in  size  for  the  pocket,  and  dealing 
with  one  of  the  most  essential  processes 
in  practically  all  up-to-date  manufac- 
tories of  metal  products.  Without  going 
into  unnecessary  refinements,  it  gives 
the  principal  features  in  connection  with 
blowpipe  welding  and  brazing,  by  means 
of  various  gases,  oxy-hydrogen,  oxy- 
acetylene,  oxy-coal,  etc.,  together  with 
descriptions  of  the  methods  of  obtain- 
ing the  gases  involved,  their  safe  han- 
dling, relative  cost,  advantages  and  dis- 
advantages. The  last  chapter  contains 
an  outline  of  the  method  of  carbon  re. 
moval  from  automobile  cylinders  by  the 
oxy-acetylene  process  with  sufficient 
clearness  to  enable  anyone  to  perform 
the  work  successfully.  The  book  is  a 
practical  one,  with  enough  theory  to 
give  a  good  understanding  of  the  sub- 
ject. Such  criticisms  as  might  be  made 
are  minor  in  character  and  nowise  de- 
tract from  its  general  readibility.    c.  b.  a. 

"Electrical      Nature     of      Radium     and 
Radioactivity" — Harry   C.   Jones.     212 
pages.    Published  by  D.  Van  Nostrand 
Company.    Price  ?2.oo. 
The   material   on   which   this   book   is 
based    was    published    originally    as    a 
series   of   articles   in   the   lilcctrical  Re- 
viczv.    The  present  work  is  the  third  edi- 
tion completely  revised.     It  is  written  in 
a   somewhat  .popular   style  and   includes 
chapters   on   the   more   recent   investiga- 
tions    into    the    properties    of     X-rays, 
alpha  rays,  beta  and  gamma  rays,  radium 
and  helium,  with  a  final  chapter  on  the 
geographical  distribution  of  radio-active 
materials  and  the  origin  of  radium. 


"Electrical  Measurements"— O  J.  Bush- 
ncll  and  ."X.  G.  Turnbull.  171  pages. 
I3Q  illustrations.  Published  by  .Amer- 
ican Technical  Society.  Price  $1.00. 
This  is  one  of  a  series  of  practical 
handbooks  for  home  study  published  by 
tliis  society.  The  authors  of  the  present 
book  are  connected  with  the  meter  de- 
partment of  the  Commonwealth  Fdison 
Company  and,  hence,  have  h.xd  consider- 
able experience  In  the  practical  use  of 
meters  of  various  types.  The  various 
common  instruments  are  describ'-d  and 
illustrated.  Methods  «>f  measurement  of 
various  electrical  qualities  ire  thei  ex- 
plained along  with  diagrams  of  connec- 
tions. Considerable  space  is  devoted  to 
the  testing  of  meters,  the  discussion  of 
their  operating  principles,  mechanical  ac- 
tion, characteristics,  etc. 


<^3/ 


The  Electric  Journal 


Vol.  XIII 


OCTOBER,  1915 


NO.  10 


Situation 


The  Jitney  Many  street  and  interurban  railway 
properties  throughout  the  country  are 
passing  through  an  unprecedented 
situation.  In  other  periods  of  business  depression  the 
passenger  and  freight  traffic  of  the  electric  railways  has 
always  been  hit  about  as  hard,  perhaps  a  little  harder, 
than  other  lines  of  endeavor,  but  the  experience  which 
railway  operators  are  now  having,  of  grappling  with  the 
economic  problems  brought  about  by  the  general  slow- 
ing up  of  business,  and  at  the  same  time  being  inflicted 
by  an  attack  of  "hives"  in  the  form  of  jitney  competi- 
tion, eating  a  large  hole  in  the  small  business  available, 
has  kept  many  railway  men  "scratching"  to  make  both 
ends  meet. 

It  would  appear  that  probably  the  worst  phase  of 
the  jitney  epidemic  is  a  thing  of  the  past.  Already  sev- 
eral state  legislatures  and  many  cities  have  passed  laws 
and  regulations  that  properly  impose  on  the  jitney  traf^c 
a  small  part  of  the  responsibilities  and  restrictions  borne 
by  the  electric  railway  companies,  and  with  such  proper 
control  the  jitney  promoters  have  learned  that  they  can- 
not do  a  profitable  business  on  a  five-cent  fare,  even 
when  they  handle  the  "cream"  of  the  business  only. 

In  the  end  the  public  generally  judges  such  matters 
rightly,  although  its  judgment  is  often  slow,  and  we 
cannot  believe  that  even  the  attraction  of  a  possible 
five-cent  automobile  ride  will  ultimately  prevail  against 
the  conditions  of  street  congestion,  accidents,  personal 
injuries  and  general  abuse  which  must  follow  should  the 
jitney  service  be  permitted  to  grow  and  develop  without 
fully  as  great  affixation  of  responsibility  and  regulation 
as  is  now  imposed  upon  the  street  railways.  With  such 
responsibilities,  liabiHties  and  restrictions  it  manifestly 
cannot  persist. 

It  is  altogether  probable  that  the  jitney  epidemic  may 
prove  not  to  be  an  unmixed  evil.  If  proper  publicity  is 
given  to  the  matter,  the  fact  will  be  impressed  upon  the 
public  mind  that  the  jitney  cannot  operate  at  a  profit, 
even  under  favorable  conditions,  such  as  short  hauls,  in 
congested  traffic  sections,  if  they  are  compelled  to  as- 
sume even  a  small  part  of  the  fixed  responsibilities  and 
other  restrictions  that  should  be  borne  by  them.  This 
being  accomplished,  the  street  railway  companies  them- 
selves may  be  led  to  a  greater  publicity  as  regards  their 
own  operations.  The  public,  as  a  rule,  has  been  expect- 
mg  entirely  too  much  for  a  nickel,  and  many  believe  that 
enormous  profits  are  being  piled  up  by  the  railway  com- 
panies, partly  by  legitimate  operations  and  partly  by  pro- 
viding inadequate  service,  crowded  cars,  etc.  Publicity 
and  a  proper  education  of  the  public  will  do  much  to 


relieve  this  misapprehension.  Of  course,  in  some  in- 
stances the  public  may  have  good  reasons  for  complain- 
ing, as  there  doubtless  are  railway  corporations  who, 
having  endeavored  to  increase  their  earnings  by  provid- 
ing inadequate  service  and  by  unnecessary  over-crowd- 
ing of  their  cars,  have  really  decreased  their  returns.  If 
the  jitney  has  aroused  attention  to  such  conditions  it  has, 
without  a  doubt,  been  beneficial  to  both  the  railways  and 
the  public,  leading  to  both  better  service  and  better  oper- 
ating results. 

This  jitney  scourge  seemingly  will  benefit  the  trac- 
tion companies  ultimately  in  still  another  way,  namely, 
by  bringing  about  the  adoption  of  lighter  and  possibly 
cheaper  cars.  The  movement  toward  lighter  cars  had, 
of  course,  already  started  before  the  jitney  made  its  ap- 
pearance. About  five  years  ago  the  average  street  car 
weighed  1250  pounds  per  passenger  seat,  with  occasional 
instances  of  considerably  higher  weights.  Two  years 
ago  our  traction  men  thought  they  were  approaching  the 
lower  limit  in  car  weights  with  700  pounds  per  passenger 
scat.  Traction  cars  have  now  been  built  of  less  than  400 
pounds  per  passenger  seat,  and  an  economical,  easily 
maintained,  efficient  car  for  moderately  heavy  service 
v.ill  undoubtedly  be  developed  at  a  weight  not  exceed- 
ing this  amount.  Such  a  car  will  materially  reduce  the 
operating  expenses  of  the  traction  company  by  saving  in 
power  and  the  lowering  of  maintenance  of  all  track  and 
special  work,  even  though  the  maintenance  of  the  car 
Ijodies  and  trucks  themselves  be  somewhat  increased 
over  that  previously  experienced. 

Some  writers  have  claimed  that  the  rapid  growth  and 
popularity  of  the  jitney  is  due  to  public  resentment  to- 
wards the  street  railway  companies ;  others  believe  it  to 
be  the  result  of  unemployment,  and  still  others  claim  to 
have  foreseen  in  the  jitney  movement  the  first  step  of 
the  gasoline  motor  for  self-propelled  units,  towards 
supplanting  the  electric  car  for  urban  transportation.  In 
regard  to  the  first  view,  there  has  without  doubt  been 
neglect  on  the  part  of  some  of  the  railway  companies  in 
giving  due  attention  to  the  complaints  of  the  public,  par- 
ticularly in  little  things.  In  many  cases  there  has  been 
too  little  publicity  in  regard  to  their  operations.  How- 
ever, the  railways  have  generally  been  doing  everything 
possible,  even  to  the  making  of  great  sacrifices  in  earn- 
ings, to  provide  greater  accommodations  to  their 
jxatrons,  and  apparently  have  failed  only  in  that  they  did 
not  take  more  efficient  steps  to  keep  the  public  informed 
a',  to  what  they  are  receiving  in  return  for  their  fare. 
The  very  fact  that  nearly  everyone  has  occasion  in  his 
daily  life  to  come  into  direct  contact  with  the  street  rail- 
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way  service  calls  for  unusual  care  and  courteous  atten- 
tion on  the  part  of  all  employees  of  the  traction  interests 
to  improve  that  good  will  and  appreciation  for  service 
rendered  which  should  exist. 

Of  the  second  view,  that  the  jitney  is  the  result  of 
lack  of  employment,  little  need  be  said,  since  even  if  this 
has  been  an  inciting  cause  of  jitney  operation,  it  is  one 
which  in  its  very  nature  is  temporary.  Neither  can  we 
foresee  in  the  jitney  movement  a  step  toward  the  sup- 
phmting  of  electric  power  by  the  gasoline  motor  for  self- 
I'lopellcd  units  for  general  service.  As  an  auxiliary, 
we  believe  the  motor  bus  has  a  future,  but  as  the  prime 
means  of  transportation  it  can  never  supplant  or  even 
approach  in  efficiency  and  service  our  present  traction 
system.  C.  S.  Cook 


The  Public       During  the  past  few  years  the  iniblic 

^  ,  have  been  in  the  habit  of  demanding 

Demand  ,  ,     ,       ,    ,  .  .         ,         ' 

thrDUgn  the  daily  press,  citizens  com- 
mittees, etc.,  all  nianner  of  concessions  and  reforms  on 
the  ])art  of  the  public  utilities.  The  street  and  inter- 
urban  railways  have  been  jiarticularly  subject  to  the 
attention  of  these  misguided  reformers.  Demands  for 
lower  fares,  more  frequent  service,  faster  schedules, 
more  stops,  modern  equipment,  better  lighting  and  heat- 
ing, good  ventilation,  elevated  structures,  subways, 
street  paving  and  many  other  things  arc  continually 
being  presented,  all  without  regard  to  cost  or  physical 
conditions.  In  the  midst  of  all  this  comes  the  jitney  bus, 
picking  off  the  most  profitable  traffic  without  proper 
protection  for  the  safety  of  its  patrons  or  adequate  com- 
pensation to  the  municipality  in  which  it  operates. 

The  proper  course  to  pursue  in  dealing  with  these 
problems  has  been  the  subject  of  much  discussion  both 
in  conventions  and  through  the  technical  press,  but  on 
account  of  the  nature  of  the  problem  it  is  likely  to  be  the 
subject  of  debate  for  some  time  to  come.  A  method 
which  commends  itself  to  many  is  a  consistent  campaign 
cf  education.  The  jjublic  cannot  be  coerced  into  accept- 
ing conditions  which  from  their  point  of  view  are 
wrong,  but,  by  proper  means,  they  can  be  made  to  appre- 
ciate the  difficulties  that  prohibit  the  granting  of  their 
demands.  The  people  generally,  in  complaining  of  the 
service  rendered  by  a  public  utility,  have  no  intention  of 
being  unfair  or  unjust,  but  through  their  ignorance  their 
demands  often  become  so. 

It  would  seem  logical,  therefore,  that  much  of  the 
public  clamor  for  improved  service  on  the  part  of  the 
operating  companies  might  be  modified  or  entirely  elim- 
inated by  the  proper  education  of  the  people.  There  is, 
of  course,  nothing  new  in  this  suggestion,  and  elTorts  in 
this  direction  have  not  always  met  with  success,  prob- 
ably because  the  means  employed  did  not  result  in  im- 
pressing the  public  mind  with  the  utility's  viewpoint. 

Recently  a  very  interesting  campaign  was  conducted 
by  a  prominent  operating  company  in  which  the  public 
was  favorably  impressed  by  a  series  of  exhibits  showing 
the  progress  made  during  the  past  twentv-fivc  vears  in 


jjroviding  for  the  comfort  and  safety  of  its  patrons. 
These  exhibits  showed  old  and  new  cars,  illustrating  the 
progress  made  in  general  design,  in  heating,  lighting 
and  ventilating,  together  with  the  consequent  change  in 
track  and  other  lines  of  construction  resulting  from  the 
use  of  the  heavier  equipment.  Simplified  tables  show- 
ing comparative  costs  were  shown  with  these  exhibits, 
presenting  to  the  observer  a  complete  example  of  the 
financial  problem  confronting  the  management.  A  bare 
statement  of  these  facts  would  have  had  but  little  effect 
in  influencing  jjublic  opinion  but,  by  cleverly  presenting 
the  situation  through  exhibits,  favorable  attention  was 
obtained. 

In  this  connection  it  may  be  in  order  to  suggest  that 
those  upon  whose  shoulders  rest  the  responsibility  for 
operating  public  service  properties  keep  themselves 
closely  in  touch  with  their  patrons,  gaining  the  public 
viewpoint  by  actual  contact  rather  than  through  the 
political  boss  and  his  associates.  T.  P.  G.wlord 


The  Future 


The    motor    bus,    as    an    au.xiliarv    to 


Motor  Bus 


]iresent-day     electric     railway     equip- 
of  the  nient,  has  a  potential  value  little  ap- 

preciated before  the  advent  of  the 
jitney  bus,  but  the  marked  inroads 
made  on  the  earnings  of  the  electric  railways  by  these 
busses  demands  careful  consideration  of  this  mode  of 
transportation. 

The  motor  bus  is  not  developed — and  the  probabili- 
ties are  very  remote  that  it  may  be — -so  that  it  can  be 
utilized  as  an  individually  owned  unit,  or  in  fleets,  to 
supersede  the  electric  raihvay  system  as  an  economic 
industrial  developinent  and  public  convenience.  The 
motor  bus  system  possesses  many  meritorious  qualifica- 
tions as  a  mode  of  transportation,  namely,  moderate 
bonded  indebtedness  and  capital  expenditure,  flexibility 
;'.--  regards  temporary  or  permanent  change  in  route,  no 
delay  or  inconvenience  caused  by  maintenance  of  way, 
high  schedule  s]jeed,  and  low  replacement  costs ;  there- 
fore, its  equipment  may  be  ke])t  abreast  of  the  latest  im- 
provements with  moderate  expeiuliturc.  However,  the 
niotor  bus  operation  must  be  restrained  and  regulated 
within  reasonalile  limitation  so  as  to  atTord  ample  pro- 
tection to  its  own  ]iassengers  and  those  of  other  ve- 
hicles, and  pedestrians:  it  must  serve  unfailingly  the 
greatest  number  of  people;  it  must  pay,  in  the  form  of 
t:<xes,  for  the  ]irivilege  of  occu])ying  the  public  thor- 
oughfare. 

The  motor  bus  is  suited  for  and  may  be  regulated 
best  as  a  part  of,  or  an  adjunct  to,  an  electric  railway 
system.  As  a  part  of  such  a  system  it  is  to  be  used  as  a 
feeder  to  the  main  lines  in  building  up  transportation  in 
outlying  and  sparsely  settled  districts,  or  in  cross-town 
service,  or  in  links  connecting  two  or  more  main  lines 
with  transfer  privileges.  1  he  motor  bus  may  be  used 
on  carefully  selected  routes  to  induce  people  to  ride 
even  though  they  live  within  possible  walking  distance 
of  the  business  center  of  a  community.     They  may  be 
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ufed  between  railroad  depots  and  hotels  and  business 
centers ;  they  may  be  used  to  build  up  a  lucrative  busi- 
ness with  picnic  and  other  parties  to  amusement  parks, 
skating  rinks,  and  to  golf  courses,  etc. 

One  may  see  motor  busses  operating  today  with 
more  or  less  satisfaction,  but  the  changes  in  order  that 
the  service  may  be  a  permanent  convenience  must  be 
along  the  lines  that  will  develop  a  bus  that  is  strong, 
safe  and  durable;  easy  to  enter  and  leave,  incapable  of 
being  operated  at  other  than  moderate  speed,  adequately 
ventilated,  heated  and  lighted,  quiet  and  reliable,  and 
driven  by  responsible,  courteous  and  intelligent  drivers 
who  have  been  carefully  trained. 

It  is  impossible  for  the  most  visionary  to  foresee  the 
motor  bus  as  a  mode  of  urban  transportation  supplant- 
ing the  electric  railway ;  but  employed  as  an  auxiliary  to 
the  electric  railway  its  future  is  apparently  assured. 

T.  H.   SCHOEPF 


Sci  entific  Car    The   scientitic   lighting  of   street  cars 

,  .   ,  ^.  has  onlv  been  given  the  consideration 

Lighting  -  .,.       ,  ,      , 

It  deserves  withm  about  the  last  two 

years.  This  seeming  neglect  on  the  part  of  the  railway 
companies  has  been  due  in  a  great  measure  to  the  fact 
that  it  is  only  within  the  last  two  years  that  efificient 
lamps  of  sufficient  ruggedness  for  such  service  have 
been  made  available.  Prior  to  1914  the  only  available 
incandescent  lamps  for  street  lighting  circuits  were  the 
ineftrcient  carbon  filament  lamps.  These  lamps  were  of 
low  candle-power  (usually  16  cp)  and,  due  to  the  inher- 
ent characteristics  of  the  carbon  filament,  very  sensitive 
to  voltage  variations.  These  facts  made  it  necessary  to 
use  many  lamps  in  each  car,  so  that  lighting  of  car 
interiors  was  generally  introduced  in  the  most  con- 
venient way,  that  of  five-lamp  clusters  placed  at  in- 
tervals through  the  car  and  so  wired  that  the  failure  of 
one  lani])  would  not  put  the  whole  car  in  darkness. 

During  the  early  stages  of  the  development  of  the 
tungsten  filament  lamps  they  were  not  sufficiently 
rugged  to  make  them  suitable  for  street  car  purposes. 
The  introduction  of  the  drawn-wire  filament  Mazda 
lamp  has  provided,  however,  a  lamp  of  sufficient  rug- 
gedness and  of  a  very  much  improved  color  and  ef- 
ficiency, and  with  an  added  advantage  that  it  is  very 
much  less  sensitive  to  voltage  variations  than  the  carbon 
lamp.  With  this  lamp  available  it  has  become  feasible  to 
lay  out  very  satisfactory  and  economical  lighting  of 
street  cars,  and  in  the  majority  of  new  cars  appearing 
on  our  streets  proper  lighting  has  been  given  the  atten- 
tion which  it  merits. 

Mr.  N.  H.  Callard.  in  an  article  on  "Present  Tenden- 
cies in  Street  Car  Illumination"  in  this  issue  of  the 
Journal,  draws  attention  to  some  of  the  various  light- 
ing schemes  which  are  being  utilized  and  which  can  be 
safely  recommended  to  those  interested  in  the  sale  or 
nianufacture  of  new  cars.  One  feature  of  car  lighting, 
however,  has  been  omitted,  that  of  the  headlight.  It 
may  be  of  interest  to  note  that  Mazda  lamps  of  various 


sizes  which  can  be  operated  directly  in  series  with  the 
lamps  in  the  body  of  the  car  have  been  developed,  so  that 
when  utilized  with  the  proper  reflectors  a  very  satisfac- 
tory headlight  can  be  secured.  In  city  cars,  a  lamp  sim- 
ilar in  type  to  those  employed  in  the  general  illumination 
of  the  car  is  used,  thus  providing  a  headlight  which  is  a 
mere  beacon.  In  the  case  of  suburban  cars,  where  it  is 
necessary  to  illuminate  the  track  for  a  considerable  dis- 
tance ahead,  the  more  powerful  concentrated  filament 
lamp  is  used. 

In  passing,  credit  must  be  given  to  the  manufacturers 
of  reflectors,  who  have  provided  equipment  to  make  pos- 
sible the  use  of  these  various  styles  of  headlight  lamps. 
Mr.  Callard  lays  stress  on  the  importance  of  considering 
the  many  factors  involved  in  designing  a  lighting  scheme 
for  street  cars,  and  it  can  be  safely  said  that,  with  a  little 
attention  to  this  problem,  car  lighting  can  be  very  much 
improved  and  at  the  same  time  economies  effected  which 
were  not  possible  with  the  older  forms  of  carbon  lamps 
now  rapidly  becoming  obsolete.         W.  H.  Rolinson 


Operating 


In   a   paper   publisht-d   in   the   August 


New  Haven 


Proceedings  of  the  American  Institute 
Results  on  the  of  Electrical  Engineers,  Mr.  W.  S. 
i\Iurray  discusses  the  conditions  af- 
fecting the  success  of  main  line  electri- 
fication, his  discussion  being  based  upon  the  results  of 
actual  operation  on  the  New  York,  New  Haven  &  Hart- 
ford Railroad.  In  this  paper  a  figure  of  fifteen  million 
dollars  is  given  as  the  expenditure  for  the  electrification 
of  the  New  Haven  Railroad  between  New  York  and 
New  Haven  to  date.  This  figure  indicates  that  the  ex- 
penditure has  been  $120000  per  unit  of  motive  power 
and  $30  000  per  mile  of  single  track.  As  the  overhead 
construction  is  complete  to  New  Haven,  no  additional 
expenditure  will  be  required  for  trolley  construction  (a 
very  large  proportion  of  the  total)  to  complete  the  elec- 
trification of  the  First  District  of  the  Shore  Line  Divi- 
sion:  consequently,  the  total  expenditure  per  unit  of 
motive  power  will  gradually  decrease  and  that  per  mile 
of  single  track  will  increase  to  some  extent,  because  of 
the  larger  number  of  electric  engines  in  service  over  the 
same  milage  of  track.  The  further  statement  is  made 
that  the  existing  plant  could  be  reproduced  at  the  pres- 
ent time  with  better  operating  results  for  not  more  than 
60  percent  of  the  actual  cost  to  date,  indicating  that  for 
an  installation  similar  to  the  New  Haven  the  total  cost 
may  be  made  less  than  $70000  jier  unit  of  motive  power, 
while  the  cost  per  mile  of  single  track  may  not  exceed 
$20000.  These  figures  represent  the  cash  outlay  and 
should  be  reduced  by  the  credits  of  steam  equipment  re- 
placed. 

The  reduction  in  the  cost  of  the  trolley  construction 
shows  great  progress  in  the  right  direction.  However, 
we  believe  that  it  is  not  sufiiciently  low  to  represent 
maximum  all-around  economy.  This  belief  is  strength- 
ened somewhat  by  the  extraordinary  reliability  of  the 
overhead  construction  in  stormy  weather,  which  leads 
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us  to  (lueslion  whether  part  of  the  cost  of  the  overhead 
construction  may  not  be  due  to  its  having  been  designed 
with  an  unnecessarily  great  factor  of  safety. 

One  feature  brought  out  in  the  paper  which  deserves 
particular  comment  is  the  fact  that  although  a  steam 
locomotive  may  be  loaded  down  to  a  standstill  without 
harm  to  itself,  an  electric  locomotive,  if  permitted  to  do 
so,  may  load  itself  to  destruction.  This  difficulty  can 
only  be  overcome  by  recognizing  the  great  difference  be- 
tween steam  and  electric  operation.  Successful  electri- 
fication requires  that  the  administrative  department  of 
electrified  steam  railroads  should  include  electrically 
trained  men  who  have  a  radically  different  viewpoint 
from  that  which  has  come  down  through  many  years  of 
steam  service.  When  a  railroad  company  decides  to 
make  so  radical  a  change  in  its  motive  power  it  should 
assign  that  responsibility  solely  to  a  man  qualitied  to 
assume  it.  Further,  the  railroad  should  see  that  his 
hands  are  not  tied  by  having  to  report  to  officers  who  are 
unacquainted  with  the  principles  of  electricity ;  the  engi- 
neering and  operating  departments  should  rather  be  re- 
quested to  co-operate  to  the  fullest  extent  with  the 
officer  responsible  for  the  electrification,  thus  giving  him 
the  authority  so  necessary  in  operating  an  electrical 
plant  to  accomplish  the  best  results. 

Mr.  Murray  also  states  that  the  electrification  of  the 
New  Haven  Railroad  has  increased  the  reliability  of 
operation  to  three  or  four  times  that  of  the  steam  opera- 
tion it  replaced.  A  fair  average  for  steam  locomotive 
operation  may  be  cited  as  5000  miles  per  engine  failure, 
whereas  with  electrical  operation  it  should  be  at  least 
12000  miles;  in  a  number  of  instances  on  the  New 
Haven  it  has  been  as  high  as  18  000  ;  and  both  the  Penn- 
sylvania and  New  York  Central  Railroads  have  reached 
figures  higher  than  this.  Recently  the  New  Haven  road 
has  been  securing  over  25  000  miles  per  failure. 

However,  to  keep  the  failures,  maintenance  and  re- 
pairs of  the  electric  locomotive  down  to  a  minimum,  the 
most  rigorous  and  careful  inspection  and  conformity  to 
rules  of  operation  are  necessary;  as,  if  the  electric  en- 
gine is  treated  in  the  manner  which  has  been  customary 
for  steam  locomotives,  its  maintenance  charges  may  be 
even  greater  than  those  of  the  steam  engine. 

It  is  also  interesting  to  note  the  results  secured  in 
connection  with  energy  consumption,  as  these  results 
closely  check  with  the  calculations  previously  made,  thus 
illustrating  the  fact  that  the  energy  consumption  with 
electrical  operation  can  be  very  closely  predetermined 
where  trains  are  operated  with  definite  schedules  and 
definite  stops.    The  data  further  show  how  rapidly  the 


consumption  of  energy  increases  with  an  increased  num- 
ber of  stops.  ^Vn  electric  locomotive  will  therefore  safely 
handle  much  heavier  trains  in  express  service  than  in 
local  service.  It  will  also  handle  heavier  trains  at  mod- 
erate speeds  than  at  high  speeds.  The  paradoxical  ac- 
tion of  heavy  freight  trains  in  steadying  the  power  house 
load  instead  of  causing  an  increase  in  the  peaks  is  also  of 
interest.  This  is  due  to  the  fact  that  by  dropping  the 
line  voltage  slightly  these  heavy  trains,  when  acceler- 
ating, cause  other  trains  operating  on  the  same  system 
to  reduce  their  speed  slightly,  thus  utilizing  their  own 
inertia  to  greatly  reduce  the  power  they  are  taking  from 
the  trolley. 

The  figures  given  for  daily  mileage  show  that  the 
passenger  locomotives  average  approximately  170  miles 
each,  and  that  only  22  percent  of  the  total  number  of 
passenger  trains  cover  the  full  run  of  Jt,  miles.  Simi- 
larly the  multiple-unit  motor  cars  show  a  daily  average 
of  84  miles  each.  This  low  locomotive  and  car  mileage, 
together  with  the  fact  that  over  half  of  the  total  multi- 
ple-unit trains  operate  with  only  one  trailer  per  motor 
car,  while  each  motor  car  is  capable  o'f  handling  two 
trailers,  indicates  that  the  railroad  is  not  yet  securing 
the  full  benefit  from  their  locomotives  or  from  the 
rather  large  equipment  on  the  motor  cars. 

The  remarkable  reliability  and  operating  economy  of 
the  switching  engines  indicates  that  the  electrification  of 
railroad  yards  is  particularly  desirable.  As  in  the  case 
of  main  line  electrification,  the  desirability  of  yard  elec- 
trification will  be  determined  largely  by  the  degree  of 
congestion. 

One  of  the  noteworthy  features  of  Mr.  Murray's 
paper,  as  well  as  of  others  which  he  has  presented  before 
the  Institute,  is  the  policy  of  the  New  Haven  Railroad 
thus  indicated  in  contributing  to  the  engineering  public 
such  complete  records  of  the  cost  of  installation,  of  the 
operating  features  and  of  the  failures  which  they  have 
experienced.  The  data  thus  made  available  have  been 
of  the  utmost  value  to  the  engineering  public. 

A  comparison  of  the  cost  figures  made  available  in 
the  present  and  previous  papers  with  those  for  other 
electrification  brings  out  prominently  the  fact  that  from 
the  cost  standpoint  there  is  less  difference  than  ordi- 
narily supposed  between  the  different  systems  of  elec- 
trification available — the  one  big  question  is  that  of 
electric  versus  steam  operation.  After  the  decision  to 
electrify  has  been  made,  it  is  relatively  easy  to  deter- 
mine upon  the  system  having  the  operating  character- 
istics best  suited  to  the  conditions  involved. 

F.  E.  Wynne 


T 


Electric  Railway  Development  in  Utah 

W.  R.  Armstrong 

General  Manager, 

Salt  Lake  &  Utah  Railroad  Company 

O  THOSE  wlio  have  traveled  over  a  large  stretch     cific  coasts.    The  delegates  viewed  the  beautiful  modern 
of  sagebrush,  and  have  a  mental  picture  of  the     city  nestled  intermountain,  and  marveled, 
physical  characteristics  of  the  makeup  of  a  coun- 


try to  which  "sagebrush"  is  applicable;  to  those  familiar 
with  the  ])hysical  geography,  geology,  and  short  history 

of  Utah,  it  is  wonderful 
that  now,  only  sixty-eight 
vears  after  Brigham  Young 
and  his  small  b  a  n  d  of 
weary,  poorly  clad  and  op- 
pressed followers,  after 
m  o  n  t  h  s  of  unbelievable 
hardships,  looked  through 
the  gap  in  the  Wasatch 
Range  d  o  w  n  Emigration 
Canyon  to  the  great  sage- 
lirush  stretch  of  Salt  Lake 
Valley,  there  should  be  an 
electric  railway  train  wind- 
ing its  toilsome  journey  from  Salt  Lake  City  through 
this  great  canyon  to  a  beautiful  hotel  near  this  gap  in  the 
mountain  range  through  which  the  pioneers  entered  the 
great  Salt  Lake  Valley.    During  the  present  year  numer- 
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In  1890  Utah  had  a  population  of  208000.  Today 
this  population  is  doubled.  Salt  Lake  City  has  a  popula- 
tion of  iijooo,  and  about  three-fourths  of  the  popula- 
tion of  the  state  are  in  the  territory  served  by  its  inter- 
urban  railways. 

UT.\H    LIGHT    &   TRACTION    COMPANY 

The  oldest  electric  railway  in  Utah  is  the  Utah  Light 
&  Traction  Company,  which  owns  and  operates  the  city 
lines  in  Salt  Lake  City.  This  was  started  as  a  horse  car 
line  in  1872  and  operated  a  few  blocks  of  track  from  the 
Union  Pacific  depot  to  Main  street.  This  street  railway 
was  extended,  a  few  blocks  at  a  time,  to  diiTerent  por- 
tions of  the  city  and  finally  was  electrified  in  1887.  The 
Mormon  Church  took  an  interest  in  this  electric  railway, 
and  by  1902  the  Consolidated  Railways  of  Salt  Lake 
formed  quite  a  system.  Another  electric  street  railway, 
known  as  the  Salt  I^ake  City  Rapid  Transit  Railway, 
and  fostered  by  Mr.  R.  B.  Cameron,  of  Indiana,  also  had 
a  few  miles  of  track.  These  railways  were  consolidated 
and  finally  taken  over  in  1906  by  the  Harriman  interests. 
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ous  national  conventions  have  been  held  in   Salt  Lake  They  had,  by  this  time,  one  hundred  and  twenty  miles 

City.     The  National  Bar  Association  has  just  completed  of  track,  but  physically  were  in  poor  condition.     The 

its  annual  convention  :  prominent  members  visiting  were  Harriman  interests  practically  rebuilt  many  of  the  lines, 

William  H.  Taft,  Elihu  Root,  \\'.  E.  Borah  and  Thomas  bought  new  equipment  and  made  the  system  one  of  the 

H.  Bailey.    They  were  entertained  at  the  most  beautiful  best  in  America  for  the  size  of  the  city  served.     The 

and  best  appointed  hotel  between  the  Atlantic  and  Pa-  system  now  has  one  hundred  and   fifty-four  miles  of 
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track,  one  liuiulrcd  and  forty-five  passenger  cars,  fifteen 
work  cars  and  four  electric  locomotives.  In  1909  and 
1910  modern  sho]xs  and  car  bams  were  built  for  them  by 
Westinghouse,  Church,  Kerr  &  Co.  The  railway  com- 
pany orij^'inally  owned  its  own  power  plants;  at  variou? 
hydro-electric  plants,  situated  in  the  surrounding  moun- 
tains, 23000  kilowatts  were  developed.    To  avoid  inter- 
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ruption,  an  au.xiliary  steam  plant  was  built  at  Salt  Lake 
City  in  1910  and  191 1,  with  a  capacity  of  16000  kilo- 
watts. This  plant  is  kc])t  in  readiness  so  that,  in  twcntv 
minutes,  current  may  be  turned  into  the  transmission 
lines  in  case  of  an  intirruption  on  the  lines  from  the 
hydro-electric  plaiUs.      In   i()i4  the  control  of  this  rail- 


way and  also  the  lighting  business,  which  was  operated 
by  the  same  company,  passed  to  the  Utah  Securities  Cor- 
|)oration,  one  of  the  concerns  of  the  Electric  Bond  & 
Share  Company,  of  New  York,  and  the  power  and  light- 
ing business  is  now  handled  Ijy  the  Utah  Power  &  Light 
Conii)any.  In  the  mileage  included  are  three  suburban 
railways  of  nine,  twelve  and  thirteen  miles  in  length.  Of 
the  sixty  miles  of  paved  streets  in  Salt  Lake  City,  the 
tracks  of  the  railway  company  occupy  fifty-six. 

OflDEN,  LOGAX    &  in.MIO   K.MLVVAV  COMPANY 

This  railroad  has  a  main  line  mileage  from  Ogden, 
LUah,  to  Preston,  Idaho,  of  ninety-seven  miles.  It  oper- 
ates also  the  Ogden  Canyon  road,  from  Ogden  to  Hunts- 
ville,  thirteen  miles;  a  line  from  Ogden  to  Hot  Springs, 
eleven  miles,  and  a  steam  line  from  Harrisville  to  Plain 
City,  seven  miles,  and  city  lines  in  Ogden  and  Logan 
with  nineteen  miles — in  all  one  hundred  and  twenty- 
eight  miles. 

The  early  history  is  that  of  the  street  railway  of 
Ogden.  This  was  built  as  a  horse  car  street  railway  in 
1885.  In  1891  it  was  taken  over  by  Jarvis.  &  Conklin, 
of  Kansas  City,  and  electrified.  In  1901  the  property 
was  acrpiired  by  David  Eccles,  of  Ogden,  and  his  asso- 
ciates, as  also  was  the  Ogden  and  Hot  Springs  road. 
The  impetus  to  the  building  of  the  present  interurban 
system  was  given  by  David  Eccles,  a  man  of  large 
affairs,  a  builder,  banker,  sugar  manufacturer  and  lum- 
ber king,  born  in  Scotland  in  1849.  He  came  to  Utah  in 
1863  with  his  father,  who  had  become  interested  in  the 
teachings  of  the  Mormon  Church.  His  father  was  very 
poor,  and  young  David  helped  in  a  furniture  manufac- 
turing business  for  a  short  time.  He  then  went  to 
Oregon  and  started  in  the  lumber  and  railway  business, 
which  has  since  grown  to  very  large  proportions.  At  the 
time  of  his  death  in  1912  he  was  connected  officially  and 
financially  with  twenty-seven  companies,  and  was  presi- 
dent of  seventeen.  Probably  the  most  important  indus- 
try with  which  he  was  connected  was  the  sugar  business. 

From  the  Ogden  City  lines  as  a  beginning,  the  Ogden 
Canyon  road  was  built  to-the  Hermitage  in  1909  and  ex- 
tended to  lluntsvillc  in  1915.  The  Brigham  City  line 
was  built  in  1910;  the  Plain  City  line  in  ii)i  i  :  the  Logan 
City  lines  in  191 1  and  191 2,  and  the  line  from  W'ellsville 
to  Preston  in  1914.  The  connecting  link  from  Brigham 
City  to  W'ellsville,  imdcr  con.-;truction.  will  bo  put  in 
operation  on  October  i,  1915. 

Fifteen  hundred  volts  direct-current  jjower  is  used 
on  the  main  lines.  This  current  is  received  from  four 
sub-stations,  at  which  the  power  is  transformed  from 
44000  volts  alternating  current.  There  is  also  a  porta- 
ble sub-station  for  use  on  days  of  heavy  traffic,  on  sec- 
tions of  the  road  having  heavy  grade  or  where  travel  is 
so  heavy  as  to  rc(|uire  additional  sub-station  capacity. 
The  sub-stations  are  c([ui])])ed  with  500  kw  motor-gen- 
erator sets,  manufactured  by  the  \\  estinghouse  Com- 
])any.  All  sub-station  buildings  are  of  concrete  and 
i)rick  and  have  passenger  and  freight  depot  facilities  as 
a  part  of  the  building.     Gradients  are  for  the  most  part 
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light,  but  it  was  found  necessary  to  use  9.3  miles  of  i./S 
percent  grade  on  the  south  and  5.7  miles  of  2  percent 
grade  on  the  north  in  passing  from  Ogden  X'alley  to 
Cache  \'alley.  Bridges  and  culverts  are  of  concrete  or 
concrete  and  steel,  of  best  modern  design.  Depots  are 
of  brick  and  concrete,  with  passenger  and  freight  facili- 
ties and  living  rooms  for  agents.  The  present  passenger 
equipment  of  various  designs  is  used  on  the  city  lines 
steel  combination  passenger  and  express  cars  and  six  all- 
steel,  sixty-five  foot  all-passenger  trailers.  Motor  cars 
are  equipped  with  four  115  horse-power  Westinghouse 
motors,  HL  control,  Westinghouse  straight  air  and  auto- 
matic air  brakes  and  M.C.B.  radial  couplers.  Lighter 
equipment  of  various  designs  is  used  on  the  city  line 
and  on  the  Ogden  Canyon  and  other  suburban  lines. 
Many  of  these  cars,  however,  have  been  changed  from 
600  volts  to  1500  volts  for  suburban  operation. 

A  considerable  freight  business  will  be  handled.  Be- 
sides a  general  agricultural  district,  there  are  several 
beet  sugar  factories,  milk  and  fruit  canning  factories, 
cement  works  and  other  industries  to  be  served.  For 
this  freight  luisiness  three  50  ton  electric  locomotives, 


and  other  prominent  Salt  Lake  business  men  as  a  steam 
suburban  railroad  to  reach  Beck's  Hot  Springs,  five 
miles  north  of  Salt  Lake  Citv,  in  order  to  give  the  city 
a  resort.  Probably  at  this  time  there  existed  in  Mr. 
Bamberger's  mind  some  vague  idea  of  building  a  real 
railroad  somewhere.  A  sketch  of  his  life  is  most  inter- 
esting. He  was  born  in  Germany,  came  to  .\merica 
when  sixteen,  engaged  in  merchandizing  in  Indiana; 
w  hen  nineteen  was  a  tie  contractor  for  the  Union  Pacific 
in  Wyoming,  and  shortly  after  the  joining  of  the  Union 
Pacific  and  Central  Pacific  near  Ogden,  in  1869,  came 
to  Salt  Lake  City.  We  find  him  very  shortly  one  of  the 
useful  and  prominent  citizens  of  the  new  territory.  By 
1896  the  Great  Salt  Lake  and  Hot  Springs  Railroad  had 
built  ten  miles  more  and  opened  up  a  new  resort, 
Lagoon.  The  old  dummy  engines  were  replaced  by 
larger  ones  and  an  extensive  resort  business  carried  on. 
The  road  had  passed  through  the  vicissitudes  of  receiv- 
ership and  represented  the  struggles  of  its  promoter  and 
final  owner,  who,  wideawake  to  progress,  finally  reached 
r)gden  and  electrification  in  1910,  having  a  well-located 
and    well-built    intcrurban    railroad    between    the    two 
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which  develop  a  900  ton  draw  bar  pull  on  a  1.75  percent 
grade,  have  been  built  by  the  Westinghouse  Company. 
This  motive  power  and  freight  car  equipment  will  be  in- 
creased as  freight  business  develops.  Track  circuit,  au- 
tomatic block  signals  are  contemplated  for  the  main  line. 
Trolley  contact,  automatic  block  signals  are  now  used  on 
the  Ogden  Canyon  line. 

Passenger  fare  is  three  cents  per  mile,  with  two-cent 
mileage  and  special  school  tickets.  Wells-Fargo  Ex- 
press is  operated  on  all  through  passenger  trains.  A 
joint  passenger  terminal  with  the  Salt  Lake  &  Ogden 
Railroad  is  used  at  Ogden,  and  it  is  expected  that 
through  passenger  trains  will  later  be  run  from  Salt 
I^ake  City  to  Preston,  Idaho,  a  distance  of  one  hundred 
and  thirty-three  miles.  The  territory  served  in  North- 
ern Utah  and  Southern  Idaho  has  very  close  relations 
with  Salt  Lake  City,  and  heretofore  passenger  service 
has  been  furnished  by  the  Oregon  Short  Line  Railroad. 

S.\LT  L.^KE   &   OGDEN    RAILWAY   COMPANY 

In  1890  this  road  was  started  as  the  Great  Salt  Lake 
and   Hot   Springs   Railroad   by    Mr.    Simon   Bamberger 
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largest  and  most  rapidly  growing  cities  in  the  state.  This 
railroad  very  quickly  proved  to  be  a  most  successful 
enterprise.  It  is  thirty-six  miles  long,  now  has  twenty- 
three  miles  of  double  track,  with  grade  prepared  for 
double  track  most  of  the  remaining  distance.  It  is  laid 
with  seventy  and  seventy-five  pound  rails,  has  a  maxi- 
mum gradient  of  1. 1  percent,  light  curves,  concrete  or 
steel  Ijridges,  culverts  and  crossings.  There  are  no  cross- 
ings of  other  railroads  at  grade,  except  of  industrial 
tracks  in  the  city.  The  right  of  way  is  a  private  one 
sixty-six  feet  wide,  except  in  cities.  Electric  crossing 
bells  are  installed  at  principal  highway  crossings.  There 
are  two  4/0  trolley  wires  throughout,  one  of  which  is 
moved  to  the  position  of  the  second  track  as  this  second 
track  work  is  done.  The  company  owns  its  own  transmis- 
sion lines,  carrying  44  000  volts  on  cedar  poles  erected  on 
the  edge  of  the  right  of  way.  The  trolley  carries  750  volts 
direct  current.  There  are  four  motor-generator  sub- 
stations, Iniilt  of  brick  and  concrete.  A  shop  for  running 
repairs  and  a  large  car  barn  are  located  at  Ogden.  Heavy 
repairs  are  made  at  the  St.  Joe  shop,  seven  miles  north 
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of  Salt  Lake  City.  At  Lagoon,  halfway  between  Salt 
Lake  City  and  Ogden,  is  located  a  very  pretty  park,  with 
bathing,  boating,  dancing,  roller  skating,  chutes,  scenic 
railway,  ball  park,  various  other  amusements  and  a 
well-appointed  cafe.  The  season  is  from  May  30  to 
September  10. 

The  passenger  equipment  consists  of  eighteen  motor 
cars,  geared  for  fifty-tive  miles  per  hour.  There  are 
nine  large  trailers  corresponding  in  design  and  construc- 
tion to  the  motor  passenger  equipment,  and  thirteen 
coaches  of  the  old  steam  equi])ment,  which  have  large 
seating  capacity  and  arc  used  as  trailers  on  special  occa- 
sions. 

Hourly  through  service  willi  ihirty-six  trains  and 
half-hour  service  between  Salt  Lake  and  Lagoon  witli 
eighteen  additional  trains  is  maintained,  giving  a  total 
of  lifty-four  trains  each  day  out  of  Salt  Lake  City. 
Freight  service  is  given  between  Salt  Lake  and  Ogden 
daily.  The  company  operates  its  own  express  service 
on  each  ])assenger  train. 

Fares  one  way  arc  three  cents  per  mile  ;  round  tri[) 
for  short  distances  one  and  one-half  the  single  way,  and 
for  longer  distances  one  and  two-thirds  the  one-way 
rate.  Mileage  books  are  sold  at  two  cents  per  mile. 
There  are  other  commutation  and  school  tickets  sold  at 
a  somewhat  less  rate  per  mile.     During  the  resort  sea- 


four  trailers,  forty-one  freight  cars  and  one  freight 
locomotive.  The  fact  that  this  line  is  built  in  Emigra- 
tion Canyon  adds  interest  to  summer  tourists  and  even 
to  residents  of  .Salt  Lake  City. 

SALT    LAKE   &    UTAH    RAILROAD   COMPANY 

To  the  south  of  Salt  Lake  City,  in  Salt  Lake  and 
Utah  counties,  lies  a  wonderfully  productive  valley, 
with  a  goodly  population,  and  for  years  it  has  been  the 
dream  of  its  citizens  to  have  an  electric  railroad  to  con- 
nect with  Salt  Lake  City.  The  jjresent  city  attorney  at 
Salt  Lake  recently  remarked  that  he  had  assisted  in 
drawing  up  eight  franchises  or  charters  for  an  inter- 
urlian  to  traverse  this  territory.  In  igio  prominent  citi- 
zens ol  Salt  Lake  City  and  various  towns  to  the  south 
secured  favorable  franchises  in  counties  and  cities. 
Financial  arrangements  for  the  building  of  the  road 
were  finally  nuule  when  earl_\-  in  nju  .\.  J.  Orem  &  Co., 
of  Boston  and  Salt  Lake,  were  interested,  and  took 
over  various  franchises.  Mr.  W.  C.  Orem,  the  head  of 
the  .Salt  Lake  office,  was  made  the  president  of  the  rail- 
road company  and  manager  of  the  construction  com- 
pany, and  through  his  tireless  efforts  is  due  the  linancing 
and  ])ushing  of  the  work  to  rapid  completion  at  a  time 
w  hi-n  the  financing  of  such  a  project  was  difficult.  Mr. 
I  )rciii.  coming  to  Salt  Lake  Citv  from  Missouri  when  a 
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son  on  special  occasions  and  after  7  1'.  AI.  the  round 
trip  from  either  terminal  to  Lagoon  is  twenty-five  cents, 
the  regular  fare  being  fifty  cents.  Frequently  crowds 
of  eight  to  ten  thousand  people  in  one  day  are  handled 
to  this  resort.  The  earnings  per  mile  for  this  railroad 
have  ranked  very  high,  it  having  comjjared  during  the 
past  few  years  very  favorably  with  one  or  two  of  the 
best  earning  interurban  projierties  in  the  LTnited  States. 

EMIGRATION  CANYON   RAILK0AI3 

This  line  was  originally  built  to  reach  stone  quarries 
at  the  head  of  Emigration  Canyon,  there  being,  before 
concrete  came  into  general  use,  a  large  demand  for  a 
red  sandstone  Ijuilding  rock  found  in  large  quantities  in 
this  canyon  and  used  generally  in  foundations,  trim- 
mings of  buildings  and  pavement  in  Salt  Lake  City. 
This  road  was  electrified  in  1908.  The  total  cost  per  mile 
was  about  $22  000.  Curves  are  sharp  and  gradients 
heavy.  A  large  hotel,  called  Pine  Crest,  was  built  in  the 
mountain  at  an  elevation  of  7500  feet.  Nuiuerous  cot- 
tages for  summer  homes  have  been  built  along  the  line 
of  this  road,  and  recently  the  summer  passenger  busi- 
ness has  developed  into  considerable  proportions.  The 
line  is  equij^ped  with  four  large  motor  passenger  cars. 


hoy,  has  practically  grown  uj)  in  the  intennountain  coun- 
try. He  was  first  a  traveling  salesman  for  a  mercantile 
establishment,  and  a  number  of  years  ago  he  became  in- 
terested in  mining  in  Bingham  Canyon  and  various  sec- 
tions of  the  intermountain  country.  He  opened  up  and 
developed  the  Nevada-Douglas  mine  and  built  the  Ne- 
vada Copper  Belt  Railroad.  He  opened  up  extensive 
coal  mines  and  built  coal  roads  in  Carbon  county,  Utah. 
He  is  connected  with  a  banking  institution  in  Salt 
Lake  City  and  various  other  enterprises  assisting  in  the 
upbuilding  of  the  state. 

The  surveys  for  the  Salt  Lake  &  Utah  Railroad  were 
made  in  the  fall  and  winter  of  1912,  and  construction 
was  began  early  in  1913.  The  first  train  was  operated 
on  March  23,  1914,  between  Salt  Lake  City  and  .-Xmer- 
ican  Fork.  This  was  a  gasoline  railway  motor  car  with 
1 50  horse-jjower  motor.  Three  cars  were  purchased  and 
trains  were  run  every  two  hours.  The  first  schedule  on 
which  electric  trains  were  used  was  put  in  effect  on  July 
24,  191 4.  and  trains  were  opcratcil  to  Provo,  a  distance 
of  48.5  miles. 

The  Salt  Lake  &  Utah  Railroad  traverses  a  rich  agri- 
cultural country  in  Salt  Lake  coinUy  which  lies  west  of 
the  Jordan  river,  and  has  not  had  convenient  transporta- 
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tion.  It  is  capable  of  intensive  farming  and  is  responding 
quickly  to  added  transportation  facilities.  In  Utah  county 
there  is  a  town  or  community  every  three  and  one-half 
miles  of  from  eight  hundred  to  forty-hve  hundred  peo- 
ple, with  a  total  population  of  about  thirty-five  thousand 
people  tributary  to  the  interurbaiq.  New  irrigation 
projects  under  construction  by  the  Government  and  by 
private  corporations,  which  are  nearing  completion,  will 
develop  other  large  areas  in  this  territory.  A  six-mile 
extension  from  Provo  to  Springville  was  put  in  opera- 
tion in  July  of  this  year.  Another  extension  of  six 
miles,  from  Springville  to  Spanish  Fork,  is  now  under 
construction  antl  will  be  put  in  operation  as  soon  as  the 
installation  of  an  electric  interlocker  at  the  crossing  of 
the  Denver  &  Rio  Grande  Railroad  can  be  completed. 
The  right  of  way  on  the  last  section  of  six  miles,  from 
Spanish  Fork  to  Pay  son,  which  is  to  be  the  southern  ter- 
minus, has  been  secured  and  it  is  expected  the  road  will 
be  completed  during  the  present  year.  This  gives  a  total 
length  of  sixty-six  miles. 

The  Salt  Lake  &  Utah  Railroad  is  well  constructed 
along  steam  road  standards  generally,  with  light  curves 
and  easy  gradients.  The  main  line  of  the  Denver  &  Rio 
Grande  Railroad  near  Salt  Lake  City  is  crossed  by  an 
overhead  trestle  and  again,  about  twenty-five  miles  south 
of  Salt  Lake  City,  by  an  undergrade  reinforced  concrete 
opening.  There  are  a  great  many  long  tangents  and, 
although  stops  are  numerous,  it  is  possible  to  make 
fairly  good  schedules. 

The  car  equipment  consists  of  seven  steel  combina- 
tion passenger  and  express  motor  cars,  two  steel  trailers, 
two  50  foot  motor  express  cars  and  one  50  foot  motor 
work  car.  Two  more  passenger  trailers  and  one  trailer 
express  car  are  now  under  construction.  The  motors  in 
all  cars  are  quadruple  equipments  of  115  horse-power, 
750-1500  volts,  furnished  by  the  Westinghouse  Com- 
pany, with  HL  control  and  Westinghouse  straight  and 
automatic  air  brakes.  Motors  are  geared  for  fifty-five 
miles  per  hour,  the  gearing  on  the  work  car  being  much 
lower. 

There  are  three  sub-stations,  in  each  of  which  are 
installed  three  150  k.v.a.,  60  cycle,  44000  volt,  single- 
phase  transformers  and  three  250  kw,  three-phase,  60 
cycle,  750-1500  volt  rotary  converters.  It  is  expected 
that  as  traffic  increases  another  sub-station  will  be  put 
in  and  the  capacity  of  two  of  the  sub-stations  at  least 
will  be  enlarged.  The  Iniildings  are  concrete,  of  unit 
construction  and  have  a  large  waiting  room  and  ticket 
•ffice  to  furnish  depot  facilities. 

In  the  larger  towns,  commodious  depots  for  passen- 
ger, freight  and  express  are  built  of  concrete  and  brick. 
At  other  towns  concrete  unit  built  depots  have  been  con- 
structed, and  at  way  stations  unit  built  concrete  passen- 
ger shelters  are  erected. 

The  regular  fare  one  way  is  three  cents  per  mile  ; 
round  trip  two  and  one-half  cents.  One  thousand  mile 
books  are  sold  at  the  rate  of  two  cents  per  mile,  and 
school  tickets,  good  only  on  school  days,  are  sold  at  the 


rate  of  one  and  one-half  cents  per  mile.  In  the  vicinity 
of  Salt  Lake  City  a  few  suburban  stations  are  furnished 
with  twenty-ride  coupon  books  at  the  rate  of  two  cents 
per  mile.  There  will  be  eleven  reporting  agencies  on 
sixty-six  miles,  and  the  road  is  now  handling  a  very 
large  percent  of  all  local  freight  shipments,  express,  etc. 
The  company's  own  express  service  on  every  train  is 
most  advantageous  to  outlying  points  and  is  made  use  of 
by  merchants  in  small  towns  in  their  business  with  job- 
bing houses  in  Salt  Lake  City  and  Provo.  At  non- 
reporting  stations,  shelters  for  less  than  carload  lots  of 
freight  have  been  constructed  of  frame  and  corrugated 
iron  to  protect  all  freight.  The  freight  trains  leaving 
terminals  in  the  evening  are  able  to  deliver  less  than  car- 
load shipments  to  customers  during  the  night,  so  that 
prompt  delivery  is  made  early  each  morning. 

In  the  southern  part  of  Utah  county  there  is  a  popu- 
lation of  something  over  twenty  thousand  people  in  a 
distance  of  eighteen  miles,  whose  business,  social  and 
church  relations  with  Salt  Lake  City  are  very  close,  and 
this  section,  therefore,  bears  the  relation  of  a  secondary 
terminal  to  the  primary  terminal  at  Salt  Lake  City,  mak- 
ing a  very  favorable  condition  for  an  interurban  rail- 
road.   Ih  addition  to  this,  south  of  Payson  there  are  two 


FIG.   6 — TVPIC-\L    P.\SSENGi;R   .\ND    1-REIGHT    ST.ATION    UN    THE    SWt 
1,.\KE   &   UT,-\H   R.«iILRO.Ml 

or  three  towns  of  considerable  size  wdiich  cannot  easily 
be  served  by  an  interurban  railroad,  but  which  furnish, 
through  automobile  stages,  considerable  passenger  traf- 
fic. The  operation  of  the  railroad  during  its  first  year 
was  most  satisfactory,  and  the  completion  to  its  objec- 
tive terminal  promises  to  add  very  considerably  to  the 
net  earnings.  .A.1I  the  electric  railroads  in  Utah  buy 
power  of  the  Utah  Power  &  Light  Company  above  men- 
tioned. 

Thus  the  state  of  Utah  has  a  modern  interurban  rail- 
way system  whose  main  line,  two  hundred  miles  long, 
north  and  south,  serves  the  greater  part  of  the  popula- 
tion of  the  state,  with  additional  electric  street  railway 
and  suburban  railway  mileage  of  one  hundred  and 
ninty  miles.  The  Sale  Lake  &  Ogden  and  the  Salt  Lake 
(!v.  Utah  Railroads  have  united  in  forming  the  Salt  Lake 
Terminal  Company,  each  being  half  owners  at  present. 
This  Terminal  Company  has  actiuired  considerable  prop- 
erty in  the  center  of  the  city,  has  built  a  freight  terminal 
and  will  shortly  build  a  modern  interurban  passenger 
terminal  within  one  block  of  the  main  street  and  the  cen- 
ter of  the  business  section. 


The  San  Francisco  Municipal  Railways 


Paui,  J.  OsT 
Assistant  City  Engineer  in  Cliarge  of  Electrical  Work 


SAN  FRANCISCO  had  jilamu'd  tin.-  con^lruclion  of 
the  Geary  Street  Line  and  awarded  contraets  for 
the  work-  prior  to  the  disaster  of  1906.  However, 
the  money  whicli  Jiad  been  i)rovided  for  the  purpose  was, 
of  necessity,  divcrti'd  to  other  uses,  and  it  was  not  until 

iijio  that  bonds  were  voted 
for  the  construction  of  the 
7.5  miles  of  doulile  track 
rail  w'ay  comprisins^  the 
(ieary  Street  Line.  This 
piece  of  road  was  opened 
fill-  traffic  early  in  1913  and 
pioved  a  success.  For  the 
|iurpose  of  su])])lyin,<j  the 
necessary  transportation  to 
the  Exposition  and  laying 
ihe  foundation  for  future 
r  e  q  ti  irements,  additional 
lines,  based  on  plans  fornni- 
lated  by  the  city  engineer,  were  authorized  in  August, 
1913.  This  bond  issue  for  $3  500000  contemplated  the 
building  of  i_m  more  miles  of  double  track  and  the  pur- 
chase of  an  o])erating  electric  street  railway  3.93  miles 
long.  This  work,  under  the  direction  of  City  Engineer 
M.  M.  O'Shaughnessy,  was  carried  forward  with  great 
dispatch.  The  \'an  Ness  Avenue  line  to  the  Exposition 
was  comi)leted  within  six  months  after  the  money  was 
available  and  fotir  months  after  the  work  was  started. 


Paul  J.  OsT 


imately  50  000  pounds.  The  additional  lines  retjuired 
125  more  cars.  These  were  designed  in  the  city  engi- 
neer's office  and  built  in  the  East.  The  newer  cars  have 
the  same  length,  but  are  9  ft.  2>4  in.  wide,  seat  50  pas- 
sengers and  W'-eigh  about  48000  pounds.  The  extra 
width  adds  greatly  to  the  comfort,  appearance  and  ca- 
]Kicity  of  the  car.  These  two  orders  gave  the  city  168 
semi-steel  California  type  cars.  In  addition  to  these,  the 
city  purchased  with  the  Union  Street  Line  29  light- 
weight, single-truck  cars  already  in  use,  bringing  the 
total  number  of  cars  owned  up  to  197. 

Due  to  the  heavy  grades  encountered,  the  motor 
ei|uipiiuiil  on  the  semi-steel  cars  is  heavy  for  the  weight 
of  the  car,  consisting  of  four  Westinghouse  306CA 
motors,  developing  betw'een  50  and  60  horse-power  on 
600  volts.  The  gears  are  of  cast  steel  and  have  a  ratio 
of  15-69.  The  control  equipment  is  the  Westinghouse 
standard  HL  type.  On  the  later  cars,  to  this  has  been 
added  an  emergency  lever,  permitting  the  motorman  to 
"slug"  the  motors  by  throwing  the  revcrser  mechanically 
from  the  platform. 

The  brake  equipment  consists  of  straight  air  for 
service  operation  and  hand  brakes  for  emergency.  The 
newer  cars  are  provided  with  an  emergency  valve  which 
may  be  operated  by  a  conductor's  valve  from  either  plat- 
form. 

The  ])ower  for  all  of  the  lines  is  purchased  from  the 
Pacific  Gas  &  Electric  Com])any  in  the  form  of  direct 


FIGS.   I   AND  2 — EXTERION  AND  INTERIOR 

The  remaining  lines  were  completed  within  ten  months 
after  the  work  was  commenced.  Such  record-breaking 
time  rec|uired  the  careful  ])lanning  of  a  schedule  or  pro- 
gram of  constrtiction.  This  and  specifications  for  mate- 
rial were  gotten  ready  during  the  five  months  required 
to  ]5repare  and  .sell  the  bonds. 

'fhe  43  cars  for  the  Geary  Street  Line  were  built  in 
San  Francisco  after  plans  ])repared  under  the  direction 
of  Air.  Rion  J.  .\rnold.  These  cars  are  47  ft.  in  length, 
8  ft.  6  in.  in  width,  seat  48  passengers  and  weigh  approx- 


OF  ONE  OF  THE  NEW    MUNICIPAI,  CARS 

current  at  600  volts.  'I'his  coiiii)an_\-  has  a  large  number 
of  stib-stations  throughout  the  city,  all  of  which  are  con- 
nected with  the  generating  plant  through  two  or  more 
I  I  000  volt  transmission  circuits,  'fhe  Pacific  Gas  & 
F.lectric  Comjiany  has  installed  a  total  of  11  500  kilo- 
watts in  railway  machines,  all  of  which,  with  the  excep- 
tion of  one  lOfX)  kilowatt  rotary  converter,  is  in  the  form 
of  motor-generator  sets,  the  motors  ojierating  in  syn- 
chronism at  1 1  000  volts.  The  maximum  load  so  far 
for  anv  one  Iiour  has  not  exceeded  6500  kilowatts,  al- 
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though  with  this  load  the  swing  from  station  to  station 
is  sufficient  to  require  the  full  capacity  of  the  installa- 
tion at  each  station.  Station  "F,"  which  is  located 
within  the  Exposition  grounds,  and  which  sup- 
plies a  large  amount  of  the  power  used  in  trans- 
jiortation  to  and  from  the  Fair,  has  three  looo 
kilowatt  machines  installed.  Ordinarily,  two  ma- 
chines are  run  at  close  to  full  load.  On  special 
days,  for  an  hour  at  a  time,  the  load  may  be  such 
as  to  require  120  percent  of  the  station  capacity, 
with  swings  to  200  percent  capacity. 

The  city's  agreement  with  the  Pacific  Gas  & 
Electric  Company  for  the  original  Geary  Street 
Line  required  that  the  company  deliver  the  cur- 
rent to  the  railway  lines.  For  the  new  lines,  the 
company  furnished  the  conduit  and  installed  the 
cables  connecting  the  railway  lines  with  the  sulj- 
station.  The  cables  for  this  purpose  were  sup- 
plied by  the  city.  All  feeder  cables  and  conduits 
parallel  to  the  tracks  are  the  property  of  the  city, 
forming  a  part  of  the  railway  construction.  The 
maximum  size  of  cables  employed  is  i  000  000 
circ.  mils,  while  the  minimum  is  250000  circ. 
mils.  The  negative  cables,  where  drawn  into  con- 
duits, consist  of  double-braided,  weather-proof 
conductors  in  sizes  as  large  as  2  000  000  circ.  mils. 

The  conduit  system  as  laid  out  contains  extra 
ducts  for  transmission  cables  should  the  city  de- 
sire to  build  and  operate  its  own  sub-stations. 
The  conduit  system  contains  35  000  duct-feet  of 
multiple  clay  conduit  installed  with  the  Geary 
Street  Line  and  200  000  duct-feet  of  fibre  conduit 
installed  with  the  later  lines.  ]\Ianholes  are  ])ro- 
vided  at  least  every  five  hundred  feet,  .\long 
some  of  the  new  lines  it  was  possible  to  get  a  most 
satisfactory  line  by  laying  the  conduits  under  the 
sidewalk.  This  arrangement  gives  short  and  easy 
connection  to  the  riser  poles,  which  have  in  all 
cases  been  located  close  to  a  manhole.     \\'here 
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1  poles  are  used  the  riser  runs  up  on  the  outside 
the  pole.  Where  concrete  poles  support  the  trol- 
the  riser  pipe  was  cast  inside  of  the  ]5ole.  The 
lead-covered  riser  cable  is  car- 
ried to  the  top  of  the  riser  pipe, 
where  it  is  supported  ])y  an 
adapter  designed  for  this  partic- 
ular service.  The  conductors  are 
terminated  in  Davis  open-air  ter- 
minals, the  lugs  of  which  are 
sweated  to  the  feeder  spans. 
Where  overhead  cables  are  used 
they  are  supported  on  cast  iron 
crossarms  having  machine  steel 
pins  fitted  with  insulators  turned 
from  lignum  vitae.  These 
wooden  insulators  have  proven 
most  satisfactory  in  service,  as 
they  have  been  used  under  all 
kinds  of  conditions,  and  as  yet 
not  one  has  failed. 

On  the  Geary  Street  Line 
standard  steel  pipe  poles  were 
used.  Van  Ness  avenue,  an  extra 
wide  street  and  the  main  thor- 
oughfare to  the  Exposition,  re- 
uired  special  treatment  in  order 
not    to    mar   the    appearance    of 
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the  street  with  the  overhead  construction.  This  led  to  a 
plan  whereby  the  trolley  poles  were  designed  to  serve 
also  as  street  lighting  standards.     Concrete  poles  with 


the  executive  offices  of  the  system.  The  combined  ca- 
pacity of  these  two  barns  is  at  present  240  cars.  At  the 
.Seventeenth  Street  car  barn  provision  is  made  for  the 


no.  4 — INTERIOR   OK   P.\CI1"1C   GAS    &   El.KCTRlC   C()M1'.\NY'S    EXPOSITION    SUB-ST.\TIO.M    "V" 

Showing  motor-generator  sets  for  municipal  railways  and  railway   feeder  panels. 


cast  iron  trimmings  were,  therefore,  constructed  for  this 
street.  These  ornamental  poles  worked  out  so  satisfac- 
torily that  plain  square  concrete  poles  with  chamfered 
corners  wore  ctnjilnycd  nn  the  rcmriindcr  of  the  system. 


FIG.  5 — CO.MBINEO  CONt; 

STAND.\RI)  AS  INS 


addition  of  a  second  story,  which  will  increase  the  ca- 
pacity by  112  cars. 

The  following  figures  for  the  month  of  July,  1915, 
which  are  the  latest  available  at  the  time  of  writing,  give 
an  idea  as  to  the  regular  operating  conditions  :■ — ■ 

The  cars  are  operated  over  43.61  miles  of  single 
track.     The  schedule  calls  for  10  000  car-miles  per  day 


J.KU  U.\  V.\N   NESS  AVE.NUE 


There  are  two  car  barns,  both  of  which  are  con- 
structed of  reinforced  concrete.    The  Geary  Street  barn, 
in  addition  to  providing  for  storage  space,  has  a  machine     for  July  were  $7150.  The  operation  of  the  system  comes 
shop,  woodworking  shop  and  paint  shop,  together  with        under  the  direction  of  the  Board  of  Public  \\'orks. 


FIG.   6 — INTERIOR  OF   ONE  BAY   OK   THE  GEARY   STREET   CAR   BARN 

Showing  concrete  pit  construction. 

to  be  made  by  129  cars.  On  July  5  there  were  a  total  of 
185  cars  in  operation  at  one  time.  The  city  employs  675 
])latf()rm  men  and  140  others  in  the  operation  of  the 
road.  The  average  monthly  consumption  of  power 
reaches  almost  2  400000  kw.   The  average  daily  receipts 


Recent  Developments  in  Light  Signals 
for  Control  of  High-Speed  Traffic 


J.  E.  Saunders 

Electrical  Engineer, 

The  Union  Switcli  &  Signal  Company 


E\'ER  since  railway  signaling  had  its  inception,  light 
has  played  an  important  part  in  conveying  infor- 
mation to  those  controlling  the  motion  of  railway 
trains.     For  a  number  of  years  light  has  been  utilized 


of  500  ft.  in  1910  became  2000  ft.,  and  with  further 
improvements  in  lens  arrangement  minimum  daylight 
ranges  of  3000  ft.  were  made  possible.  At  the  same 
time  the  wattage  of  the  lamps  was  steadily  reduced  until 

for  night  indications  of  signals,  a  variation  in  indication  at  the  ])resent  time  signal  indications  are  conveyed,  in 

being  obtained  by  a  change  bright  sunlight,  3000  ft.  with  an  expenditure  of  only  20 

in  the  color  of  light  trans-  watts. 

mitted.  The  first  light  sig-  The  most  distinct  advancement  in  the  development 
nal  used  during  the  dTv  cf  lamps  for  signals  has  been  in  the  accurate  alignment 
time,  as  well  as  at  night,  of  filaments,  so  that  a  helical  coil,  suspended  or  sup- 
was  originated  to  avoid  the  ported  horizontally,  will  be  so  located  with  respect  to 
expense  of  the  signal  mech-  the  arrangement  of  lenses  used  that  the  focal  axis  will 
anism  used  in  the  actuation  pass  through  it  midway  between  the  ends  of  the  helix, 
of  a  semaphore  b  1  a  d  e.  and  the  coil  be  so  mounted  as  to  provide  the  requisite 
Probably  this  first  twenty-  horizontal  spread  of  light.  Light  signals  intended  for 
four  hour  light  signal  had  a  the  control  of  high-speed  traffic  are  now  designed  and 
daylight  range  of  one  hun-  constructed  so  that  the  receptacle  for  holding  the  lamp 
dred  feet  or  less  and  was  is  located  accuratel_\',  with  respect  to  the  lens  support,  by 
used  for  the  control  of  a  trolley  car.  At  any  rate,  this  means  of  a  "jig."  The  lamps  for  use  with  these  signals 
t>pe  of  signal  has  had  its  widest  use,  until  within  the  have  their  filaments  accurately  located  with  respect  to 
kst  year,  on  electric  lines  having  light  and  low  speed  the  bases,  jigs  being  used  for  this  also,  with  the  result 
traffic.  that  the  filaments  will  come  into  the  desired  location  in 
It  was  found  that  the  light  signal  fitted  in  at  places  the  light  signal  units.  As  a  result  of  the  low  wattage 
where  ordinary  signals  woidd  have  been  of  little  service,  of  lamps  and  accurate  location  of  filaments,  it  has  been 
and  in  igio  the  first  extensive  installation  of  light  signals  necessary  to  use  low  voltage  lamps  in  light  signals  gov- 
for  control  of  heavy  traffic  was  made  at  the  New  York  erning  high-speed  traffic.  Ordinarily  either  6  or  12  volt 
terminal  of  the  Pennsylvania  Railroad.    The  installation  lamps  are  used.     There  are  other  types  of  light  signals 


of  tunnel  type  signals  was  carried  out  into  the  open,  sig- 
nals having  a  range  of  about  five  hundred  feet  being 
used.  These  signals  were  designed  and  manufactured 
by  the  Union  Switch  &  Signal  Company.  Xo  attempt 
had  been  made  until  this  time  to  economize  in  power,  or 
in  other  ways  to  make  the  light  signal  efficient.  Its  at- 
tractive possibilities,  however,  soon  led  to  intensive  de- 
velopment, until  signals  were  produced  which  might  be 
considered  seriously  by  the  trunk  lines  as  a  possible  sub- 
stitute for  signals  of  the  semaphore  type.  Most  of  this 
development  has  taken  place  since  1910  and  the  last  year 
has  marked  the  greatest  step  forward  since  the  original 
light  signal. 

The  first  signal  illumination,  by  means  of  oil  lamps, 
was  superseded  in  the  light  signal  by  the  use  of  incan- 


which  do  not  rermire  acctirately  liased  lamps,  Imt  these 


riO.    I — COI.uk    l.lwHi    sluN.\l.S    ox    THE    NEW    VukK,    NEW    H.WEN    & 
H.\RTFORD  R.-\1LWAV   NEAR   NEW   HAVEN,  CONN. 

are  designed  for  the  control  of  medium  and  low  speed 


descent  electric  lamps.     This  application   followed  the  traffic,  where  long  range  is  not  necessary.     Econoiny  in 

successive   development   of   the   carbon,   the   metallized  power  and  a  requirement  of  long  range  can  only  be  met 

filament,  and  the  tungsten  lamp  with  corresponding  de-  by  accurate  alignment  of  filaments. 

crease  in  power  consumption,  or  increase  in  range.  The  design  of  an  arrangement  of  lenses  to  meet  the 
About  two  years  ago  experiments  were  conducted  in  the  conditions  imposed  is  of  primary  importance  in  the  de- 
laboratories  of  the  Union  Switch  &  Signal  Company  to  velopment  of  a  light  signal.  Pressed  corrugated  lenses 
determine  the  value  of  the  application  of  concentrated  are  used.  To  some  signals  a  single  lens  is  applied;  to 
filament  lamps  to  light  signals.    \'ery  quickly  the  range  others  a  double  arrangement.     A   cover  glass  may  be 
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used  with  either.  The  color  of  a  lens  must  also  be  taken 
into  account  in  the  design  of  a  signal.  The  design  of 
lens  to  be  used  depends  upon  the  spread  desired  and  the 
candle-power  available.  Ordinarily,  reflectors  are  not 
used  because  of  the  possibility  of  false  indications  due 
to  external  sources  of  light.  The  lenses  vary  in  size 
from  5^  inch  to  ioj4  inch,  depending  upon  the  range 
desired.  While  the  efficiency  of  transmission  of  lenses 
of  the  various  size  niav  be  the  same,  the  clearness  of 


FIG.  2 — LAMP  \X0   HRACKKT    FOR   BEAM    l.KiHT   SIGNALS 

indication  will  depend  upon  the  area  of  illumination. 
This  is  especially  true  of  color  light  signals. 

As  stated  before,  the  original  light  signal  was  de- 
signed for  night  indications  only.  When  the  longer 
range  daylight  signals  were  installed  it  was  found  that 
the  amount  of  light  which  appeared  proper  during  the 
daytime  was  entirely  too  great  at  night.  It  resulted  in  a 
blurred  indication  and  annoyance  to  engine  runners. 
Several  schemes  have  been  devised  to  control  the  volt- 
age of  the  lamps,  the  one  more  commonly  used  being 
that  of  line  relays  controlling  through  their  contacts  the 
various  transformer  taps  supplying  the  lamps.  These 
relays  are  generally  controlled  manually,  although  auto- 
matic control  is  possible. 

Insofar  as  signal  circuits  are  concerned,  the  light  sig- 
nal is  simpler  than  its  predecessor — the  semaphore.  No 
means  for  cutting  out  the  signal  motor  after  completion 
ef  movement  is  necessary  in  the  light  signal.  Nor  is  a 
special  wiring  for  holding  the  signal  blade  in  a  given 
position  requisite.  The  wiring  diagram  of  a  light  signal 
is  as  simple  as  is  any  other  circuit  used  in  rriilw;iy  sig- 
naling. 

The  natural  develo]inienl  from  the  night  only  indica- 
tion was  that  of  a  three-color  daylight  signal.  1  he 
standard  colors  are  red,  yellow  and  green,  indicating  re- 
spectively— stop,  caution,  and  proceed,  and  these  colors 
have  been  standardized  by  the  Railway  Signal  Associa- 
tion. Some  variatif)n  from  the  transmission  limits  of 
lenses  prescribed  iiy  the  Railway  Signal  Association  has 
had  to  be  made  to  make  the  higher  candle-powers  and 
greater  concentration  of  light  source  practicable,  but 
even  while  assuming  the  resultant  limitation  of  range  for 
a  given  wattage,  the  color  light  signal  has  proven  satis- 
factory for  the  control  of  high-speed  trains  where  traffic 
density  is  great,  as  well  as  where  the  tracks  are  not 
operated  at  near  full  capacity.  A  number  of  three-way 
color  light  signals,  manufactured  by  the  Union  Switch 
&  Signal  Company,  have  been  installed  on  the  Xew 
York,  New  Haven  &  Hartford  Railroad  during  the  past 


year.  The  color  light  signal  is  also  to  be  used  in  the 
Chicago,  Milwaukee  &  St.  Paul  electric  zone. 

The  color  light  signal  which  has  proven  most  efficient 
for  control  of  high-speed  traffic  is  made  in  two  forms : 
I — with  the  three  units  arranged  vertically  and,  2 — with 
these  arranged  in  a  triangle.  Either  signal  is  provided 
with  a  background  of  ample  proportions  to  provide  suf- 
ficient contrast  with  the  natural  background  and  thus 
insure  clear,  distinct  indications.  A  deep  hood  shades 
the  three  lenses  from  the  direct  rays  of  the  sun  exce])t 
when  it  is  just  above  the  horizon,  a  condition  which  can- 
not be  met  economically,  nor  one  which  need  be  given 
great  concern,  on  account  of  the  correspondingly  low 
intensity  of  the  rays.  The  light  units  are  mounted  ac- 
curately in  a  frame,  wdiich  is  provided  w-ith  means  for 
adjustment,  horizontally  and  verticall\-,  with  respect  to 
the  ])ole  which  acts  as  its  support.  Individual  lamp 
transformers  supply  the  light  units.  These  are  used  be- 
cause it  has  been  found  desirable  to  control  a  lower  cur- 
rent at  higher  voltage  than  is  required  by  the  lamps, 
through  relay  contacts.  One  lamp,  accurately  focused, 
with  a  semi-opaque  reflector  to  better  the  close  range 
indication,  or  two  lamps,  one  at  the  focal  point  and  one 
to  serve  as  a  pilot  lamp,  are  provided. 

The  most  recent  development  in  light  signaling  is 
the  position  light  signal.  Various  schemes  for  illumina- 
tion of  semaphore  blades  by  reflection,  by  "line-o-lite," 
illumination  of  a  background  behind  the  semaphore, 
etc.,  have  been  proposed  from  time  to  time,  but  it  re- 
mained for  Mr.  A.  H.  Rudd,  signal  engineer  of  the 
Pennsylvania  Railroad,  working  in  conjunction  with 
Dr.  William  Churchill,  of  the  Corning  Glass  Works,  to 
pro])ose  and  install  the  first  position  light  signals.  These 
signals  arc  now   in  o])eration  on  the  Pennsylvania  Rail- 
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FIC.    3 — rOSITIOX    LIGHT    SIGNAL — PHILADKLPHIA    To    PAOLI.    PA., 
PFN  NSVLVANIA    RAILROAD 

road  between  Hroad  .^treel  station,  Philadelphia,  and 
I'aoli.  I 'a.  The  details  of  construction  were  worked 
out  by  Mr.  Rudd  and  the  engineers  of  the  Union 
Switch  &  Signal  Company.  The  basic  principle  em- 
bodied in  the  development  of  this  signal  is  that  indi- 
cations both  by  day  and  by  night  shall  be  inde])endent 
of  color.  The  three-position  semaphore  signal  indicates 
by  ]iosition  during  the  day  and  by  color  at  night.     The 


THE    ELECTRIC   JOURNAL 


445 


position  light  signal  indicates  by  position  at  all  times. 
Indications  of  this  signal  are  given  by  the  illumina- 
tion of  any  one  of  three  rows  of  lamps,  extending  either 
horizontally,  at  an  angle  of  45  degrees,  or  vertically. 
Four-light  units  are  illuminated  in  a  row.  Each  unit 
consists  of  a  cast  aluminum  housing,  on  which  are 
mounted  a  5^^^  inch  inverted  lens  and  a  cover  glass.  The 
lamps  used  in  the  high  signals  are  rated  at  five  c-p,  12 
volt,  1.35  watts  per  candle.  One  lamp  is  used  in  each 
unit.  An  adjustable  mirror  provides  for  a  close  range 
indication.  This  mirror  is  arranged  so  that  the  sun's 
rays  will  not  be  reflected  and  cause  a  false  indication. 
The  accurately  based  lamps  previously  described  are 
used  in  this  signal,  as  the  requisite  range — approxi- 
mately 3000  feet  under  worst  conditions^makes  the  ac- 
curate location  of  filament  with  respect  to  lens  of  pri- 


mary imjiortance.  Each  light  unit  is  provided  with  a 
hood,  and  the  various  units  are  mounted  on  three  long 
and  two  short  I'ipe  arms  extending  from  a  cast  iron  hub. 
This  hub  is  attached  to  a  horizontal  pipe  support.  The 
wires  from  the  various  units  are  brought  to  a  terminal 
l)Ox  on  the  opposite  end  of  the  pipe.  Backgrounds  are 
jirovided,  as  in  the  case  of  color  light  signals. 

The  further  development  of  the  light  signal  will  in 
all  probability  be  in  details  to  secure  greater  economy 
in  operation,  or  in  means  of  control.  As  signals,  both 
the  color  and  position  types  have  proven  successful,  and 
it  is  certain  that  their  use  will  become  general.  Signal 
engineers  from  all  parts  of  the  United  States  have 
viewed  the  installations  on  the  New  Haven  and  Penn- 
sylvania, and  already  trial  installations  of  light  signals 
are  bcin»- made  elsewhere. 


The  First  5000  Volt  Direct-Current  Railway 


N.  W.  Storer 

General  Engineer, 

Wc-stinghouse  Electric  &  Mfg.  Company 


A  PROPOSAL  to  equip  an  interurban  car  with 
motors  and  control  apparatus  to  operate  from 
a  5000  volt  direct-current  trolley  would  ten 
years  ago  have  fallen  on  deaf  ears.  No  one  would  for 
one  moment  have  considered  such  a  proposition  seri- 
ously. Today  such  a  car  is 
in  daily  service.  Mention 
was  made  in  these  columns 
a  year  ago  of  the  fact  that 
tests  had  been  made  on  a 
car  ei|uipment  with  line  po- 
tentials of  5000  to  7000 
volts.  At  that  time  opera- 
tion had  been  confined  to 
the  test  track,  but  at  this 
time  the  announcement  is 
made  after  several  months 
service,  and  it  is  now  per- 
missible to  give  a  descrip- 
tion of  the  principal  features  of  the  equipment. 

This  equipment  was  designed  and  built  by  the  W'est- 
inghouse  Electric  &  Mfg.  Company  for  the  purpose  of 
determining,  if  possible,  the  practicable  limit  to  which 
voltages  for  direct-current  railways  could  be  carried. 
Five  thousand  volts  was  selected  as  the  initial  limit,  as  it 
is  high  enough  to  make  it  easily  possible  to  collect 
current  for  the  largest  locomotive  from  an  overhead 
wire,  high  enough  to  lessen  the  amount  of  line  cop- 
per and  the  number  of  sub-stations,  and  secure  a  good 
load  factor  and  efficiency  with  reasonable  cost.  The 
initial  experiments  involved  the  design  and  construction 
of  two  2400  volt  motors  and  the  necessary  control  equip- 
ment, which  were  mounted  on  a  car  and  tested  on 
the  interworks  railway  at  East  Pittsburgh  in  the  spring 


N.  W.  Storer 


lit  11)14.  The  eiiuipment  was  lirst  arrangetl  for  series 
jiarallel  control  with  voltages  of  2400  to  3000  on  the 
trolley;  then  the  two  motors  were  connected  perma- 
nently in  series  and  the  equipment  operated  at  a  trolley 
\oltage  of  4000,  which  was  gradually  increased  until 
the  equipment  was  finally  tested  with  7000  volts  on  the 
trolley. 

The  results  were  such  that  it  was  determined 
to  place  a  complete  four-motor  equipment  in  service. 
Through  the  influence  of  the  late  Mr.  W.  A.  Foote 
and  Mr.  Frank  Sillinian,  who  are  well-known  pioneers 
in  the  use  of  high  voltages  both  for  transmission  and 
for  traction  purposes,  Mr.  J.  F.  Collins,  vice-president 
of  the  Michigan  United  Traction  Company,  agreed 
to  co-operate  with  the  Westinghouse  Company  in  the 
test,  and  ofifered  the  use  of  a  branch  line  extending 
from  Jackson  to  Grass  and  \\o\i  Lakes  for  the  pur- 
])Ose  of  giving  the  equipment  a  test  in  service.  This 
line  is  about  twelve  miles  in  length  and  the  high  volt- 
age section  extends  to  Page  avenue,  which  is  about 
two  miles  from  the  center  of  Jackson.  The  car  must, 
therefore,  operate  over  the  600  volt  line  within  the  city 
limits.  The  trolley  line  was  re-insulated  and  space  was 
allotted  in  the  sub-station  at  Grass  Lake  for  a  mercury 
arc  rectifier  equipment  which  was  installed  to  furnish 
current  for  the  car.  A  complete  car  equipment,  con- 
sisting of  four  100  hp  motors  with  control  and  auxili- 
aries, was  installed  under  the  direction  of  Mr.  R.  C. 
Taylor,  superintendent  of  equipment,  on  one  of  the 
Michigan  United  cars.  The  completed  car  weighs  ap- 
proximately forty  tons. 

On  June  i  of  this  year  preliminary  tests  were  begun 
after  the  regular  service  had  been  completed  for  the  dav. 
They  continued  for  a  few  nights  until  it  was  certain 
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the  equipment  was  in  ()roper  condition,  and  the  car  was 
then  j)ut  in  daily  service  for  the  last  two  or  three  round 
trips  between  Jackson  and  the  Lakes,  which  could  be 
handled  by  a  single  car.  Since  that  time  the  operation 
has  been  fairly  regular  for  these  trips,  and  up  to  date  it 
has  continued  witliout  a  single  interruption  to  the  service 
due  to  the  car  e(|uipment.  It  has  not  been  necessary  to 
change  any  detail  in  the  ef|ui])ment  since  service  began, 


mf)tor  of  the  size  required  for  ordinary  interurban  cars 
without  exceeding  commercial  limits  for  weight,  cost 
and  dimensions.  For  that  reason  the  design  of  the 
motor  was  undertaken  first  as  being  the  most  diffi- 
cult. Figs.  3  and  4  show  photographs  of  one  of  the 
first  motors.  (This  is  on  e.xhibition  at  the  Panama- 
Pacific  Exposition).  The  arrangement  of  parts  is 
shown  in  section  in  Fig.  5.     The  motor  is  known  as  a 


KIG.    I — 5000  VOi.T   INTICRUR1!.\.N"   C.\R 


FIG.    3 — PIXIO.V     END    or    TWIN     .\R.\I.\TL'RE    .MOTOR 


and  it  has  always  been  ready  for  operation  when  line  twin  armature  bi-j)()lar  motor  and  has  many  advan- 
and  power  were  available.  Considering  the  radical  in-  tageous  features  for  high  voltage  work.  The  bi-polar 
crease  in  voltage  over  anything  previously  undertaken      niotor  permits  the  use  of  double  the  voltage  on  a  given 


and  the  smal 
able. 


size  of  the  motors,  this  result  is  remark- 


MOTORS 


coninmtator  that  is  possible  with  a  four-])ole  motor. 
The  twin  armature  ty])e  weighs  little  more  than  a  corre- 
sjjonding  four-])ole  motor ;  fewer  field  coils  are  required 
than  are  used  with  the  four-pole  motor;  the  two  arma- 
tinxs,  being  geared  to  the  same  axle,  act  as  one  unit  and 


Of  course,  the  most  difficult  part  of  the  equipment 
would  a])pear  to  be  the  motors.  It  is  well  understood 
that  in  order  to  secure  the  maximum  benefits  from  cut  the  pressure  on  the  gear  teeth  in  half.  The  two  arm- 
electrification  a  railwav  must  be  able  to  operate  not  :iL">'es  are  connected  in  series ;  consequently,  the  voltage 
only  locomotives  but   n'niltipk-unit   car  .service;  conse-     «"  each  is  reduced  to  lower  limits.    The  form  of  motor 

lends  itself  readily  to  a  very  effective 
type  of  insulation.  The  mechanical  con- 
struction is  simple  and  rugged. 

The  ])erformance  of  the  motors  has 
thus  far  been  all  that  one  could  ask. 
There  has  yet  to  ap])ear  the  first  defect  in 
any  motor  that  has  been  built.  The  com- 
mutation is  sparkless,  and  the  stability  of 
the  motor,  as  shown  by  its  absolute  free- 
dom from  flashing,  is  perfect.  Large 
creepage  surfaces  are  supplied,  both  on 
armatures  and  brushholders,  in  order  to 
give  immunity  from  grounds.  One  char- 
acteristic that  will  assist  in  the  main- 
tenance of  the  insulation  is  the  fact  that 
the  current  is  small — being  only  16  am- 
peres for  each  100  hp  motor — that  only  a 
.ic.  2-M..V..  OF  THE  .^^c,HCAN  UNITED  TR.XCTION  companVs  unes  f^.^^.  ^„,.,,]  ,,ru,hes  are  required,  and  with 

quently,   any   system   of   electrification   that   hopes    for  the    excellent    conuuutation,    there    is    very    little    wear 

recognition  for  heavy  traction  purposes  must  be  suitable  either  on  brushes  or  commutators,  and  consequently  the 

for  operation  on  passenger  cars.     It  is  not  so  difficult  amount  of  carbon  and  copper  dust  originating  in  the 

to    secure    space    for   the   necessary    number    of    com-  motor  will  be  small.    It  is  fully  recognized  that  upon  the 

mutator  bars  and  the  creepage  surface   for  insulating  permanence  of   the  insulation   depends  the  success  or 

large  locomotive  motors  for  high  voltages,' but  it  has  failure  of  the  experiment,  and  this  is  something  that 

been  a  serious  problem  to  secure  these  requisites  for  a  time  alone  can  determine. 
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CONTROL 

Next  to  the  motors,  the  control  is  the  most  im- 
portant feature  of  the  equipment,  since  the  switches 
must  close  and  open  the  high  voltage  circuits  properly 
and  must  be  insulated  to  stand  the  maximum  voltage  to 
ground  continuously  in  all  kinds  of  weather.  In  order 
to  secure  a  relatively  large  number  of  breaks  in  series 
without  increasing  the  number  of  switches  unduly  each 


FIG.   4 — COMMUTAIOR   tXj    OF    MOTOR 

switch  was  made  with  two  breaks  in  series,  Fig.  9. 
The  switches  are  very  similar  to  the  standard  Westing- 
house  electro-pneumatic  switches,  but  have  some  spe- 
cial features,  due  to  the  small  current  and  high  voltage. 
The  main  ideas  governing  the  design  of  the  switch  group 
were  safety  and  reliability  in  opening  the  high  voltage 
circuits  and  most  efifective  distribution  of  insulation. 
The  design  adopted  has  both  of  these  desirable  features 
and,  in  addition,  is  extremely  simple  and  rugged.  The 
frames  of  the  switch  group  are  grounded  and  the  inter- 
lock wiring  is  thoroughly  protected,  in  order  to  isolate 
the  high  voltage  current  from  the  control  wiring  and 
master  controller.  One  of  the  novel  features  in  the 
switch  is  the  use  of  an  "arc  splitter,"  consisting  of  a 
piece  of  soapstone  placed  in  front  of  the  switch  jaws  in 
the  path  of  the  arc.    The  efifect  of  the  magnetic  field  is 
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FIG.   5 — COMP.\RISON   OF  ORDINWRV   .\ND   5000  VOLT    MOTOR 

to  blow  the  arc  against  this  along  its  entire  length  until 
it  is  broken.  This  greatly  increases  the  length  and  at 
the  same  time  chills  the  arc,  and  the  result  is  highly  sat- 
isfactory. 

The  operation  of  the  switch  groups  has  been  fully 
as  satisfactory  as  that  of  the  motors.  The  circuits  are 
opened  with  ease  and  the  appearance  of  the  switches 
shows  scarcely  a  trace  of  their  having  been  in  service. 


Startiny  Resistance — Practically  the  only  other  part 
of  the  control  equipment  that  is  subject  to  the  line  volt- 
age is  the  starting  rheostat.  This  is  composed  of  cast 
alloy  grids  in  a  number  of  frames.  These  frames  are 
insulated  from  ground  by  triple  insulation  and  from 
each  other  by  double  or  quadruple  insulation.  Thi.s 
insulation  has  thus  far  jiroved  entirely  adequate. 

Changeover  Apparatus — Inasmuch  as  the  equipment 
is  required  to  operate  through  the  city  of  Jackson  on 
600  volts,  a  changeover  switch  is  provided  which  con- 
nects the  four  sets  of  armatures  in  parallel.  This  appa- 
ratus consists  of  two  triple-pole,  double-throw  discon- 
necting switches  with  the  contacts  mounted  on  porce- 
lain insulators  immersed  in  oil.  They  are  connected  to- 
gether so  that  they  are  operated  by  a  single  lever,  which 
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-THE    5000   VOLT    CONTROL 

also  operates  a  small  drum  that  changes  a  few  of  the 
contactor  magnet  connections. 

Low  Voltage  Szvitch  Group — One  group  of  switches 
is  provided  to  efifect  the  necessary  changes  on  the  ground 
side  of  the  equipment  and  the  auxiliaries.  This  is  a 
standard  group  which  is  used  ordinarily  for  small  600 
volt  car  equipments.    It  needs  no  description. 

Reverscr — A  standard  type  of  electro-pneumatically 
operated  two-motor  reverser  is  used  to  reverse  the  con- 
nections of  the  motor  fields,  as  the  fields  are  always 
connected  on  the  ground  side  of  the  armatures  and  no 
extra  insulation  is  required. 

AUXILIARY    EQUIPMENT 

Not  of  least  importance  is  the  apparatus  needed  for 
furnishing  current  for  control,  lights  and  air  compressor 
motor.  It  is  well  known  that  the  small  high  voltage 
machine  known  as  the  dynamotor  which  is  used  for  this 
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purpose  on  1200  and  1500  volt  equipments  is  the  least 
reliable  part  of  the  equipment.  This  is  necessarily  the 
case,  since  the  usual  compound  winding  on  the  field 
makes  it  far  more  susceptible  to  flashing  troubles,  and 
its  small  size  makes  the  insulation  problem  and  the 
armature  winding  much  more  difficult.  While  these 
1200  and  1500  volt  equipments  are  giving  excellent  re- 
sults, it  was  felt  that  it  would  be  not  only  very  desirable, 


by  the  main  motors.  The  use  of  150  volts  for  the  bat- 
tery in  this  case  indicates  that  the  auxiHaries  are  ex- 
pected to  use  less  than  three  percent  of  the  total  power 
taken  by  the  car.  The  use  of  this  low  voltage  battery  in- 
sures excellent  lighting  for  the  car  and  an  uninterrupted 
operation  of  the  control  and  other  auxiliaries. 

CONNECTIONS 
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The  main  schematic  wiring  diagram  is  given  in  Fig. 
I""  °°°|  8,  in  which  the  double  break  switches  are  indicated  by 
three  parallel  lines  across  the  circuit  and  the  single  break 
switch  by  two  lines.  It  will  be  seen  that  there  are  twelve 
of  the  former  and  ten  of  the  latter  required  for  this 
equipment.  Considering  the  fact  that  these  switches 
control  not  only  the  main  motor  circuits  for  both  5000 
and  600  volt  operation,  but  all  of  the  auxiliaries  as  well, 
the  equipment  is  very  simple.  Very  satisfactory  opera- 
tion on  600  volts  is  secured  by  shunting  the  fields  of  the 
motors. 

SUB-ST.\TIONS 


FIG.    8 — SCHKMATIC    CONTROL    DIAGRAM 


but  necessary,  to  eliminate  the  dynamotor  from  higher 
voltage  equipments,  especially  for  cars,  since  it  would  be 
quite  reasonable  to  e.xpect  the  difficulties  to  be  multiplied 
with  the  voltage.  For  this  reason  the  entire  auxiHary 
equipment  of  the  5000  volt  car  is  operated  from  150 
volts.    The  scheme  adopted  is  as  follows : — 

A  150  volt  storage  battery,  to  which  all  of  the  aux- 
iliaries are  connected,  is  placed  in  the  main  motor  cir- 
cuit between  the  motors  and  ground.  All  of  the  main 
motor  current,  therefore,  either  goes  through  the  bat- 
tery and  charges  it,  or  through  the  auxiliary  circuits 
which  may  be  connected  to  the  1)attcry  at  the  time  the 
motors  are  working.  By  the  a[)plication  of  a  simple 
device,  the  air  compressor  does  practically  all  of  its 
work  when  the  main  motors  are  ojjerating,  and  thus 
simply  diverts  a  part  or  all  of  the  main  motor  current 
as  required,  so  that  the  battery  is  relieved  from  furnish- 
ing the  current  to  the  compressor  motor  and  at  the  same 
time  does  not  receive  the  high  charging  currents  that 
would  otherwise  be  imposed  on  it  during  acceleration. 
The  battery  has  thus  a  very  light  duty  to  perform  and 
can  be  made  up  of  small  cells.     A  set  of  counter  e.ni.f. 
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HC.   9— SCHEMATIC   DIAGRAM    OF   DOUBLE   BREAK    SWITCH 

cells  parallels  the  battery   during  charging   periods  to 
prevent  overcharging  and  excessive  charging  rates. 

The  voltage  of  the  battery  for  such  an  equipment  is 
determined  by  the  amount  of  power  required  for  the 
auxiliaries.  The  average  current  required  by  the  aux- 
iliaries should,  in  order  to  leave  a  satisfactory  margin,  be 
not  more  than  80  percent  of  the  average  current  taken 


As  before  stated,  power  for  operating  this  car  is 
obtained  from  three  mercury  arc  rectifiers,  which  re- 
ceive power  ■ 
from  a  60  cycle, 
three-phase  sys- 
tem and  are 
operated  in 
series.  Connect- 
ing the  three 
phases  of  the 
system  in  series 
gives  not  only  a 
smooth  current 
wave,  but  bal- 
ances the  load 
on  the  three 
phases  of  the 
t  r  a  n  s  m  i  ssion 
system.  This  is 
believed  to  be 
the  first  time 
mercury  arc  rec- 
tifiers have  been 

used  in  this  way      '"■  '"  "-^"^  ^^  "*"= """ 
to  furnish  so  much  power  for  high  voltage  work. 

CONCLUSION 

It  is  fully  recognized  that  these  tests  have  not  con- 
tinued long  enough  to  draw  any  definite  conclusions  as 
to  the  future  use  of  5000  volt  direct  current  for  rail- 
ways. All  that  can  be  stated  at  this  time  is  that  the  j>re- 
liminary  tests  are  extremely  satisfactory,  and  the  fact 
that  no  difficulties  in  the  car  equipment  have  appeared 
to  date  indicates  that  there  is  ground  for  the  hope  that 
the  5000  volt  direct-current  railway  is  a  possibility.  In 
any  case  the  amazing  fact  remains  that  a  commercial 
car  equipment  of  100  hp  motors  has  been  designed,  built 
and  tested  in  commercial  service  and  has  a  perfect 
record  for  the  operation  to  date. 


Present  Tendencies  in  Street  Car  Illumination 


N.  Hearding  Callard 

Railway  and  Lighting  Dept., 

Westingliouse  Electric  &  Mfg.  Company 


THE  MANY  limiting  features  of  street  car  illumi- 
nation, such  as  fluctuating  voltages,  definite  car 
width,  necessity  of  five  lights  in  series,  etc.,  make 
it  a  study  entirely  apart  from  other  fields  of  lighting. 
Up  to  the  present,  custom  seems  to  have  been  the  most 
potent  factor  controlling  the  design  and  layout  of  car 
lighting  systems,  and  for  years  the  scheme  of  using  no 
volt  carbon  filament  lamps,  five  in  series,  without  par- 
ticular attention  to  the  light  distribution,  has  been  in 
vogue.  Now,  however,  with  a  public  more  appreciative 
of  the  artistic  and  useful  in  street  car  design,  the  ma- 


FIG.    I — DISTRIBUTION    CURVES    OF    S6    WATT    LAMP 

With  and  without  oval  reflectors. 

jority  of  railway  companies  are  awakening  to  the  bene- 
fits and  economies  of  good  street  car  lighting,  and  the 
following  data  gives  a  general  summary  of  the  present 
practice  in  this  particular  branch  of  railway  work. 

The  kind  of  lamp  to  be  used  is  naturally  the  first 
thing  to  be  considered,  and  from  every  angle  of  view 
the  Mazda  lamp  is  the  one  that  is  most  adequately 
suited  to  street  railway  service.  The  results  of  many 
and  extended  tests  have  shown  the  carbon  filament  lamp 
inferior  in  almost  ever  particular. 

One  of  the  big  handicaps  of  car  lighting  is  voltage 
fluctuation,  and  here,  due  to  the  positive  temperature  co- 
efficient of   resistance  of  tungsten,  the  use  of   Mazda 

TABLE  I— L-\MP  SIZES  FOR  RAILWAY  SERVICE 


Voltages 

Nominal 
watts 

Amperes 

Efficiency 
w.p.c. 

105] 

no 

23 
.   36 

0.214 

I. II 

115 

0.342 

1.09 

120 

56 
I  94 

0.519 

1.02 

125 

0.863 

0.97 

130 

lamp  minimizes  the  resulting  difficulties.  In  conse- 
quence, a  number  of  companies  which  have  not  desired 
to  go  to  the  expense  of  changing  all  lamps,  have  installed 
Mazdas  on  their  interurban  lines  where  feeder  condi- 
tions are  the  worst.  Another  point  in  favor  of  the  tung- 
sten lamp  is  that  it  will  not  blacken  as  quickly  as  a  car- 


bon filament  lamp.  It  is  estimated  that  this  secures  for 
the  tungsten  lamp  an  average  of  six  percent  higher 
candle-power  during  a  1500  hour  life,  and  makes  re- 
newal much  less  frequent. 

Four  types  of  Mazda  lamps  have  been  developed 
for  the  rough  jarring  railway  car  service,  as  shown  in 
Table  I.  All  four  sizes  of  lamps  are  rated  as  having  a 
laboratory  life  of  1500  hours.  This  life,  under  the  wear 
and  tear  of  service,  can  be  estimated  at  approximately 
1200  actual  burning  hours. 

From  the  length  of  life  and  the  fact  that  for  equiva- 
lent candle-power  the  tungsten  lamps  require  only  about 
one-third  the  power,  it  is  obvious  that,  even  though  they 
have  a  higher  initial  cost  than  carbon  lamps,  they  are 
much  more  economical.  For  example,  taking  a  car 
equipped  with  twenty-five  23  watt  Mazda  lamps  and 
assuming  a  life  of  1200  hours  : — 


Renewals     per     hour     (,cost     of 
lamps  at  list  price  of  27c)  — 
0.27  X  25 
1200 
Energy   per   hour    (at   one   cent 
per  kilowatt-hour)  — 
23  X  25  X   I 
1000 


=  $0.005625 


0.005750 


Total    $0.011375  cost  per  car-hour 

Using  64  watt  carbon  lamps,  having  equal  candle- 
power,  under  the  same  conditions  : — 

Renewals     per     hour     (cost     of 
lamps  at  list  price  of  14c)  — 


14  X  25 
1200 
Energy   per   hour    ( at   one 
per  kilowatt-hour)  — 
64  X  25  X   I 


=  $0.0029 


cent 


1000 


=     0.0160 


Total     ... 
0.018 


$0.0189  cost  per  car-hour 


-  0.011375  =  $0.007525  savmg  per  car- 
hour  by  using  tungsten  lamps. 


ILLUMINATION 

The  most  convenient  units  in  the  measurement  and 
calculation  of  car  lighting  are  the  following: — 

Foot  Candles — which  indicate  the  intensity  of  illumi- 
nation on  a  plane  of  reference.  (In  street  car  work  this 
plane  is  usually  three  feet  above  the  car  floor). 


its  Ohm.  / 
Resistance  Tubes 


FIG.    2 — MCWHIRTER    SCHEME    FOR    SINGLE    CIRCUIT    LIGHTING    WITH 
56   WATT  LAMP 

Lamp  No.  3  not  burning. 

Watts  per  Square  Foot — which  gives  the  energy  in- 
put per  square  foot  of  floor  area. 

Foot-Candles  per  Watt  per  Square  Foot — which  is 
the  intensity  of  illumination  produced  per  square  foot  of 
car  area  by  one  watt  of  energy  and  forms  the  basis  of 
comparison  between  different  types  of  lighting  units. 
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After  many  tests  and  experiments,  illuiuinaiing  engi- 
neers interested  in  car  lighting  have  agreed  that  an  in- 
tensity of  not  less  than  1.5  foot-candles  is  needed  to 
give  good  lighting  and  inasmuch  as  the  voltage  often 
drops  to  20  percent  below  normal,  usually  during  the 
rush  hours  at  night  and  morning  when  most  people  de- 
sire to  read,  the  lighting  scheme  at  normal  voltage 
should  give  an  average  intensity  of  at  least  3.75  foot- 
candles  at  the  plane  of  illumination. 

I'or  making  approximate  layouts,  Table  II  indicates 
the  number  of  watts  per  square  foot  of  floor  area  neces- 
sary to  give  the  value  of  3.75  foot-candles,  but  varying 

T.-XBLE    II— WATTS    PliR    SQU.\RE    FOOT    REQUIRED 
TO  GIVE  .A.\   ILI.UMIX'ATIOX  OF  3-75  FOOT- 
CANDLES  .AT  THE  RE.\DING  PLANE 

I      Bare  tungsten   lamp 2.5 

Tungsten  lamp  and  liglit  opal  rellcctor    1.8 

Tungsten  lamp  and  medium  opal  reflector   1.5 

Tungsten  lamp  and  heavy  opal  reflector    1.3 

Tungsten  lamp  and  ])rismalic  reflector    1.J5 


conditions,  such  as  interior  finish  of  the  car,  location  of 
lam])s  and  seats,  construction  of  car,  etc..  may  alter  these 
figures  and  permit  satisfactory  illumination  with  less 
power,  especially  with  the  use  of  bare  23  watt  lamps. 

REFLECTORS 

There  is  a  great  variety  of  practice  as  regards  re- 
flectors. One  company  equips  all  cars  with  bare  23  watt 
lamps  .-ind  has  excellent  results;  another  company  be- 
lieves that  the  larger  unit  with  reflector  is  the  only  solu- 
tion of  the  car-lighting  problem;  another  company, 
having  different  conditions,  has  yet  another  scheme 
which  is  thought  best.    It  is  evident  that  no  one  scheme 


HG.  3— SINGI.F.  CIRCIMT  LIGHTING   USING  TR.\NSFER  SVVH\H    ON    IHF. 
THIRD  .WENUE  RAILW.WS,  NEW  YORK  CITY 

is  universally  applicable,  and  each  problem  must  be  set- 
tled according  to  its  own  particular  conditions. 

From  the  standpoint  of  good  lighting,  small  units 
correctly  distributed  give  by  far  the  most  satisfactorv 
illumination  and  at  approximately  the  same  wattage  con- 
sumption as  the  larger  units.     With  lamps  larger  than 


the  23  watt  size,  reflectors  should  invariably  be  used,  to 
prevent  excessive  glare  and  consequent  eye  strain.  A 
properly  designed  reflector  will  increase  the  efficiency 
of  .1  lam])  anywhere  from  50  to  lOO  percent,  depending 
upon  the  type  of  reflector  used,  as  indicated  in  Table  II. 
As  an  example,  the  comparison  in  light  distribution  be- 
tween a  Ixare  56  watt  lamp  and  one  equipjjed  with  a 
heavy  density  ojjal  glass  reflector  is  shown  in  Fig.  i. 

Indirect  and  semi-indirect  lighting  has  been  experi- 
mented with  to  a  considerable  extent  by  several  large 
railvva}'  companies,  including  the  New  York  Municipal 
Railways  Company.  Although  they  give  a  very  pleas- 
ant illumination,  eliminating  to  a  very  large  extent  eye- 
strain and  fatigue,  the  efificiencies  of  the  units  are  low, 
and  their  power  and  maintenance  costs  are  high. 

The  color  and  finish  of  the  car  body  have  a  consider- 
able eft'ect  upon  li.ght  distribution  from  bare  lamps,  and 
in  several  instances  it  has  been  found  that  the  replacing 
of  a  pea-green  headlining  with  a  light  buff  has  increased 
the  illumination  between  40  and  50  percent.  The  darker 
car  finishes,  such  as  mahogany,  are  not  conducive  to 
even  distribution. 

The  construction  plays  an  important  part  in  the 
efficient  illumination  of  the  car,  and  the  "turtle  back"  or 


C[^^ 


riG.  4 — SINGLE  CIRCUIT   LIGHTING   USING  SELECTOR  SWITCH 

arched  roof  matcriall}-  aids  the  distribution  from  bare 
lamps,  especially  with  the  side-deck  arrangement. 

It  is  evident  lb.it  one  system  of  lighting  cannot  be 
used  in  all  cases,  and  the  questions  of  first  cost  of  in- 
stallation (including  wiring),  increased  maintenance 
charges  due  to  renewals  and  reflector  cleaning,  and  bet- 
ter liijht  distribution  with  the  smaller  lam|).  mtist  all  be 
given  careful  attention. 

.\RK.\xni-:MENT  OF   L.V.MPS 

I'.ach  type  of  illumination  requires  its  own  partic- 
ular layout,  and  in  touching  upon  the  different  schemes 
the  various  units  will  be  taken  up  in  order  of  size. 

2^  Watt  Lamps — The  ideal  arrangement  of  lights, 
when  using  the  23  watt  lam]i.  consists  of  two  rows — one 
down  each  side  of  the  car.  This  gives  a  very  even  light 
distribution  and  effectually  prevents  the  passengers  who 
are  standing  up  reading  newspapers  from  cutting  off  the 
light  from  those  sitting  down,  as  is  fretjuently  the  case 
when  a  single  row  of  larger  units  is  used.  This  arrange- 
ment is  installed  on  many  of  the  elevated  and  subway 
cars  throughout  the  country  and  has  a  jiarticularly  good 
appearance  in  oval  top  cars.  Frequently  the  socket  is 
mounted  on  a  wooden  block  above  the  headlining  of  the 
car  and  only  the  lamp  globe  protrudes  through ;  a  brass 
ferrule  around  the  opening  gives  an  exceedingly  neat 
appearance. 
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The  j6  Watt  Lamp  has  been  used  so  little  in  street 
car  work  that  it  deserves  only  passing  notice.  The  lamp 
is  just  large  enough  to  require  reflectors  and  yet,  from  a 
cost  standpoint,  the  large  number  of  reflectors  necessary 
makes  it  almost  prohibitive.  The  36  watt  lamp  is  not 
nearly  as  adaptable  to  car-lighting  conditions  as  the  23 


FIG.    5 — TYPICAL    CAR   LIGHTING    USING    HIGH    CANDLE-POWER    UNITS 
WITH   REFLECTORS 

or  56  watt  sizes,  and  will  usually  be  found  to  give  either 
too  much  or  too  little  light. 

Tlic  j6  Watt  Lamp  is  too  large  a  unit  to  be  arranged 
in  two  rows  and  is,  in  consequence,  located  in  one  row 
down  the  center  of  the  car.  On  the  smaller  cars  a  single 
circuit  of  lamps  may  be  used,  but  this  usually  involves 
some  means  of  switching  in  an  auxiliary  lamp  in  case 
one  light  of  the  circuit  burns  out,  although  some  com- 
panies depend  entirely  on  a  single  circuit  and  carry  an 
extra  lamp  in  a  dead  socket. 

The  use  of  an  auxiliary  lamp  has  been  very  well 
taken  care  of  on  the  Third  Avenue  Railway's  cars  in 
New  York  City  by  the  scheme  of  using  a  two-circuit 
transfer  switch  and  resistance  tubes,  having  the  same 
resistance  as  that  of  a  56  watt  lamp.  Fig.  2  illustrates 
this  scheme  as  laid  out  by  Mr.  J.  S.  McW'hirter.  Fig.  3 
shows  the  installation  on  the  Third  Avenue  cars  and 
illustrates  how  the  transfer  switch  and  resistance  are 
mounted  in  the  ventilator,  where  they  look  well  and, 
moreover,  the  latter  is  kept  cool.  Another  scheme  is  to 
use  what  is  called  a  selector  switch,  as  shown  in  Fig.  4. 
In  case  of  failure  in  any  one  lamp,  the  switch  arm  can 
be  turned  until  the  burnt-out  lamp  is  bridged  by  an  aux- 
iliary lamp.  This  arrangement  involves  a  great  deal  of 
wiring,  and  only  one  lamp  can  be  bridged.  Any  aux- 
iliary apparatus  of  this  kind  necessitates  a  larger  invest- 
ment and  greater  maintenance  charges,  and  a  double 
circuit  of  lamps  is  preferable  unless,  as  before  stated, 
the  car  is  too  small. 

94  Watt  Lamps — The  principal  plea  for  the  94  watt 
lamp  is  that  the  larger  unit  has  a  higher  efficiency  and 
that  fewer  units  have  a  lower  first  cost  than  a  larger 
number  of  smaller  reflector  units.  However,  the  greater 
cost  of  renewals,  the  poorer  light  distribution  and  the 
complication  of  a  selector  switch  make  it  a  rather  unde- 
sirable arrangement.     Moreover,  the  car  does  not  have 


the   bright,    well-lighted    appearance   given   by    smaller 
units  placed  closer  together. 

THE  LIGHTING  LAYOUT 

If  the  lights  are  arranged  in  two  rows,  on  each  side 
of  the  car,  each  row  should  be  spaced  about  21  inches 
from  the  side  of  the  car.  The  lights  at  each  end  of  the 
car  are  located  not  more  than  one-half  the  spacing  of 
the  other  lights  from  the  end  of  the  car.  The  extreme 
corners  of  the  car  body  are  usually  poorly  lighted,  and 
some  companies  have  placed  lamps  within  six  inches  of 
the  ends  to  avoid  this.  In  remodeling  cars  having  moni- 
tor decks  it  is  usually  possible  to  rearrange  the  lighting 
circuits  at  small  expense  by  using  small  goose-neck 
Ijrackets.  The  moulding  directly  underneath  the  venti- 
lators can  easily  be  removed  and  the  new  wire  put  in 
place.  The  old  wiring  in  the  top  of  the  car  can  be  left  in 
place  and  a  new  ceiling  put  on. 

To  obtain  the  greatest  benefit  from  car  lighting,  all 
straps,  bell  cords,  cash  register  rods,  etc.,  should  be  re- 
moved if  possible.  Where  cross-seats  are  used  they  can 
be  equipped  with  handles,  as  illustrated  in  Fig.  5,  thus 
obviating  the  necessity  for  straps,  which  interfere  with 
the  ilhmiination.  On  single-end  prepayment  cars  it  is 
possible  to  pass  the  bell  cord  through  a  half-inch  con- 
duit above  the  car  ceiling,  and  this  noticeably  improves 
the  appearance  of  the  car  without  adding  materially  to 
the  expense. 

In  Fig.  6  are  given  typical  lighting  arrangements  for 
a  30  foot  car  body  using  23  watt  bare  lamps  and  56  watt 
lamps  with  reflectors.  The  scheme  with  23  watt  lamps 
gives  about  two  watts  per  square  foot,  while  the  56  watt 
lamps  require  but  1.4  watts  per  square  foot.  Special 
requirements,  such  as  step  lights,  side  marker  lights, 
etc.,  will,  of  course,  necessitate  changes  in  the  wiring 
scheme.   If  46  watt  concentrated  filament  tungsten  head- 
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FIG.    6 — LIGHTING    ARRANGEMENT    FOR    30    FOOT    CAR 

With  and  without  reflectors. 

lights  are  used,  they  must  burn  in  series  with  two  cir- 
cuits of  the  23  watt  lamps  in  the  car.  as  shown. 

In  making  a  car  layout  the  headlight  and  the  marker 
lights  should  be  on  separate  circuits  and,  if  possible,  on 
separate  fuses,  so  that  the  burning  out  of  one  circuit  will 
not  leave  the  ends  of  the  cars  in  darkness,  with  the 
resultant  dangers  of  collision. 
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Recent  Developments  in  HL  Control 

J.  A.  Clarke,  Jr. 

Railway  Engineering  Dept, 

Westinghouse  Electric  &  Mfg.  Company 

OWER  operated  control  equipment  was  first  de-     tacts  never  break  any  current,  thus  eliminating  the  ne- 
veloped  to  provide  for  the  operation  of  several     cessity  for  using  blowout  coils  in  its  construction. 

An  overload  trip  mounted  on  one  end  of  the  switch 
group  breaks  the  control  circuits  to  several  of  the  unit 
switches    when    an    overload    occurs,    opening    these 


motor  cars  in  one  train,  and  for  use  with  motors 
whose  capacity  exceeded  that  of  the  early  drum  type 
controllers.     Althou<::h  it  offered  many  advantages  over 

previous  types  of  railway 
control  apparatus,  it  was 
considered  somewhat  elab- 
orate for  the  smaller  motor 
equipments  in  use  on  city 
and  interurban  lines.  The 
advent  of  the  HL  type  of 
multiple-unit  control,  about 
six  years  ago,  altered  this 
condition  materially.  This 
new  type  not  only  offered 
the  many  advantages  of  a 
remote  control  equipment, 
but  was  so  simple  in  ar- 
rangement and  construction  that  it  could  be  economically 
operated  l)y  roads  whose  previous  experience  had  been 
limited  to  drum  type  control.* 

The  actual  motor  controller  consists  of  a  group  of 
pneumatically  operated  unit  switches,  each  actuated  by 
a  small  magnet  valve,  which  in  turn  is  controlled  by 
means  of  a  small  master  controller  located  on  the  oper- 
ating platform  of  the  car.  This  master  controller  is  sim- 
ilar in  operation  to  but  much  smaller  in  size  than  the 
ordinary  drum  type  controller.     The  control  current  is 
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-COMPARISON   liETWKEX    K-35-G   DRUM   CONTROLLER  AND  TVPE 
HL    MASTER  CONTROLLER 


switches  and  cutting  off  all  current  from  the  main  power 
circuits.  The  main  and  control  circuits  are  each  pro- 
vided with  a  separate  disconnecting  switch,  that  for  the 
latter  being  of  a  double  throw  type,  thus  providing  a 
taken  from  the  low  voltage  taps  of  a  control  resistor,  ^''"P'c  :i"J  safe  means  for  resetting  the  overload  trip, 
which  is  connected  across  the  line  only  when  the  master  ^^ultiple  operation  of  cars  is  secured  by  carrying  the 
controller  is  in  an  on  position.     The  direction  of  motor     ^ires   from  the  master  controller  to  train   line   recep- 

t.-'cles  at  each  end  of  the  car.  this  control  train  line  being 
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III..    I     -HI.   SWITCH  CROUP  WITH   COVERS  ON 

rotation  is  cared  for  by  a  dunn  type  reversing  switch. 
operated  by  an  air  cylinder  and  two  magnet  valves  sim- 
ilar to  those  used  with  the  unit  switches,  and  controlled 
by  a  small  reverse  drum  in  the  master  controller.  This 
reverser  is  electrically  interlocl^cd  with  the  circuit- 
making  unit  switches  in  such  a  wav  that  its  main  con- 


*For  conii>1ctc  description  of  this  type  of  control  see 
article  by  Mr.  K.  .A.  Simmon  in  The  Electric  Journal  for 
October.  1910,  p.  8oj. 


fig.     3 — CONTROLLER    RESISTOR,     SHOWING     INDIVIDUAL 
RESISTANCE   UNITS 

completed  throughout  the  train  by  means  of  jumpers  be- 
tween cars.  All  the  master  controllers  in  the  train  are 
thus  connected  in  multiple  so  that  the  unit  switches  on 
all  cars  can  be  operated  simultaneously  from  any  oper- 
ating platform. 

Recently  light  weight  equipment  has  been  developed 
for  small  motor  equipments.  "Controller  boxes"  con- 
taining essentially  all  the  main  circuit  apparatus  have 
been  built  and  important  advances  have  been  made  in 
the  perfection  of  the  details  of  HL  control  equipments, 
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which  have  increased  the  hfe  of  wearing  parts,  thereby 
decreasing  maintenance,  without  affecting  the  inter- 
changeability  of  repair  parts. 

LIGHT  WEIGHT  CONTROL 

With  the  advent  of  the  low  floor  and  center  entrance 
types  of  cars,  and  the  demand  for  lighter  weight  equip- 
ment, it  was  necessary  to  develop  a  unit  switch  group 
that  could  be  mounted  where  the  clearances  were  not 
sufficient  for  the  standard  types.  Fig.  7  illustrates  a 
switch  group  of  the  light  weight  type  having  an  over- 
all height  of  seventeen  inches  and  capable  of  handling 
a  quadruple  equipment  of  thirty-five  kilowatt  motors  in 
600  volt  service.    The  construction  is  similar  to  that  of 


FIG.   4 — UNIT   SWITCH 

With  side  of  switch  box  removed  to  show  switch  mechanism 
and  removable  type  arcing  box  sides. 

the  larger  types,  including  the  same  general  design  of 
unit  switches,  valve  magnets  and  operating  cylinders. 
These  parts  are  reduced  in  size,  and  a  special  arrange- 
ment of  switch  hook  and  piston  insulator,  Fig.  8,  is  used 
to  reduce  the  total  height.  It  is  possible  to  conveniently 
mount  this  switch  group  under  a  car  using  wheels 
twenty-four  inches  in  diameter. 

TYPE    HL    CONTROLLER    BOXES 

The  latest  development  in  HL  control  equipment  is 
the  controller  box  which  is  shown  by  Figs.  9,  ID,  11  and 


The  main  or  central  portion  of  this  group  comprises 
the  same  parts  as  are  assembled  between  the  end  frames 
of  a  standard  switch  group.  This  includes  unit  switches 
acting  as  line  switches,  or  circuit  breakers,  switches  ef- 
fecting the  proper  connections  for  transition  from  series 


FIG.  6 — CONTROL  SWITCH   WITH   AND  WITHOUT  COVER 

tc  parallel,  as  well  as  switches  controlling  the  main  re- 
sistance circuits,  together  with  the  operating  cylinders, 
valve  magnets,  blowout  coils,  stra])  connections  inter- 
connecting the  various  elements  and  the  supporting 
frames  and  covers.  In  addition,  the  top  compartment 
has  been  arranged  to  include  a  main  circuit  terminal 
board,    rendering   connections   between    the   component 


in 


MG.  7 — FRONT  VIEW  OF  LIGHT-WEIGHT   HL   SWITCH   GROUP  WITH  .\LL 
COVERS  REMOVED 

parts  simple  and  providing  convenient  terminals  for  the 
main  circuit  cables  leading  to  the  motors  and  the  main 
resistors. 

On  the  left-hand  end  of  the  group  (the  switches 
open  toward  the  front  of  the  group)  the  main  reverser 
is  mounted,  complete  with  its  operating  cylinder  and 
magnet  valves.  The  drum  is  mounted  with  its  shaft 
vertical,  as  shown  bv  Fig.   10.     On  the  right-hand  end 
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FIG.  5 — TVPIC.\L  C.\B  ARRANGEMENT 

Showing  HL  master  controller  and  air  brake  equipment. 

12.  This  includes  all  of  the  main  circuit  control  appa- 
ratus in  one  assembly,  providing  for  a  more  simple  in- 
stallation and  a  considerable  reduction  in  weight.  Al- 
though it  is  compactly  designed  and  weighs  less  than  the 
combined  weight  of  the  several  pieces  of  apparatus  resistance  tubes  use'd  in  the  circuit  of  its  reset  coil,  the 
which  it  replaces,  it  is  so  arranged  that  all  parts  are  control  terminal  board  and  the  control  cutout  switch, 
especially  convenient  of  access.  The  apparatus  on  the  end  plates  is  protected  by  two-part 


FIG.  8 — CVLINUKK   AND    MAGNET   VALVE  OF   LIGHT-WEIGHT  GROUP 

plate,  Fig.   II.  are  mounted  the  overload  trip  with  the 
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covers,  which  arc  fastened  vvitli  siin])le  and  effective 
latches  and  e(|iii[)|)ed  with  hinges  of  a  tv])c  whicli  permit 
of  their  quick  and  easy  removal. 

The  overload  trip  relay  is  self-contained,  being  pro- 
vided with  a  separate  operating  coil  in  the  main  power 
circuit,  instead  of  utilizing  the  end  blowout  coil  of  the 
switch  grou]),  as  is  sometimes  done.  When  tripped  by 
an  excessive  current,  or  a  short  circuit  in  llie  main  cir- 


wa^h^r:-:^ 


FIG.  9 — NEW  III.  co.\i'1(ui.li;k  bo.x 
Witli  all  covers  on. 

cuits,  it  can  be  reset  from  the  car  platform  through  the 
means  of  the  control  reset  switch  and  the  small  reset 
coil  located  at  the  l)ottom  of  the  relay.  For  convenience 
during  inspection  the  relay  may  be  luanuallv  tripped  and 
reset. 

The  motor  control  cutout  switch  is  mounted  at  the 
bottom  of  the  right-hand  end  plate.  \\  hen  it  is  turned 
so  as  to  cut  out  the  No.  i  pair  of  motors  the  control  cir- 
cuits to  the  ,1/,  .S"  and  (V  switches,  Fig.  13,  are  opened, 
and  that  to  the  P  switch  is  closed  on  tjie  first  notch. 
When  the  control  switch  is  turned  to  cut  out  the  other 
pair  of  motors  the  control  circuits  to  the  P  and  5" 
switches  are  opened,  and  those  to  t!ie  M  ,ind  Cr"  switches 
are  closed  on  all  notches. 

Although  a  saving  is  made  in  the  weight  of  the  con- 


I-IG.    10 — REVERSER   END  OF   CONTROLLER  BOX 

Covers  off. 

trol  apjiaratus  by  the  use  of  the  controller  box,  the 
greatest  economies  of  this  type  of  equipment  are  secured 
in  the  installation.  The  total  amount  of  cable  required 
is  less  and  the  conduit  needed  for  installation  of  the 
cables  is  greatly  reduced.    .\  smaller  number  of  hangers 


are  used  and  the  Hoor  space  recjuired  is  materially  re- 
duced. Fig.  14  shows  a  typical  general  arrangement  of 
apparatus,  demonstrating  some  of  the  advantages  ob- 
tained. 

The  HL  controller  box  equipment  is  developed  for 
use  with  r|uadruiile  75  hp  motor  equipment  and  smaller 


FIG.   II — OVERLO.\D  TRIP  AND  CUTOUT  E.N'U  UI-    CO.NTKOLLER  BOX 

Covers  off. 

sizes.  It  can  be  operated  in  train  with  an  HL  equipment 
which  includes  the  separate  reverser,  and  a  number  of 
roads  which  have  long  since  proved  the  reliability  of  the 
original  designs  are  arranging  to  use  the  new  and  more 
compact  apparatus.  By  employing  a  two-unit  line 
switch,  or  circuit  l)reaker,  in  addition  to  the  eight-switch 
controller  box,  equipments  having  a  total  ca])acity  of  500 
h])  at  600  volts  can  l)c  controlled. 

I.Ml'ROVE.MK.N'TS    IN    DET.MI.    I'ARTS 

Since  HL  unit  switch  control  was  first  installed  the 
contact  tips  liave  l)een  changetl  so  as  to  improve  the 
wi|)ing  action,  and  to  reduce  the  ampere  seconds  in  the 
arc,  thereby  increasing  the  life  of  the  contacts  and  the 
arc-resisting  material  forming  the  arcing  chamber.  The 
latest  type  f)f  arcing  boxes  are  arranged  so  that  their 


FIG.  12 — TOP  VIEW  01    CONTROLLER  BOX  SIIOW'I.NG  TER.MIN.\L  BO.\RU 

sides  can  be  easily  and  quickly  removed  for  inspection. 
They  are  held  in  jjlace  by  a  simple  spring,  and  can 
readily  be  reversed,  as  shown  by  Fig.  4. 

The  original  design  of  the  air  cylinder  piston  assem- 
bly included  a  heavy  single-ply  piston  leather  and  a  mul- 
tiple expander  for  holding  it  in  place.  This  has  been 
superseded  by  a  triple-ply  piston  leather  supported  by 
a   single   metal   expander.      The   leathers   are   specially 
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treated  ami  formed  together  so  as  to  make  an  air-tight 
diaphragm.  Friction  between  the  piston  and  the  walls 
of  the  cylinder  which,  under  extreme  conditions,  was 
formerly  the  cause  of  an  occasional  sluggish  switch  has 
been  practically  eliminated. 

The  materials  used  in  the  valve  magnet  have  been 
changed  so  as  to  give  a  longer  life  to  the  working  parts. 
The  brass  covering  of  the  armatures,  used  to  prevent 
the  valve  from  sticking  on  account  of  residual  magnet- 
ism, has  been  removed  and  a  simple  brass  bushing  used 


A  new  control  and  reset  switch,  Fig.  6,  has  been  de- 
veloped, and  while  its  operating  mechanism  has  been 
simplified,  yet  its  construction  is  extremely  rugged.  It 
is  enclosed  in  a  neatly  moulded  box  of  insulating  mate- 
rial and  provided  with  liberal  creepage  distances  be- 
tween the  live  parts.  Various  parts  of  the  master  con- 
troller have  been  modified,  resulting  in  increased  life  of 
drum  contacts  and  fingers. 

Although  HL  control  has  stood  out  in  a  class  by 
itself  for  more  than  half  a  decade,  there  being  approxi- 


FIG.    13 — SCHEM.^TIC    DIAGRAM    OF    MAIN    AND    CONTROL    WIRING    OF 
NEW   HL  CONTROL   WHEN   USING   NEW  CONTROLLER  BOX 

instead.  This  has  been  found  to  give  even  more  reli- 
able operation  of  the  valve  than  was  previously  obtained. 
The  magnet  coils  have  been  made  more  rugged  by  im- 
pregnation, the  new  construction  making  them  practi- 
cally indestructible.  ' 


FIG.    14 — MAIN   CIRCUIT  CONDUIT   ARRANGEMENT  WITH    NEW    HL 
CONTROLLER  BOX 

mately  two  hundred  railway  companies  employing  this 
type  of  equipment  at  present,  it  appears  that  its  appli- 
cation in  the  future  will  be  even  more  broadcast  on 
account  of  recent  developments,  rendering  it  suitable 
for  many  classes  of  service  in  which  simplicity,  reli- 
ability and  economy  are  potent  factors.' 


Comparison  of  600,  1200  and  2400  Volt  D-C 
Railway  Switchboard  Practice 


O.    \\'0RTMANN 


UNTIL  a  few  years  ago  direct-current  railways 
systems,  almost  without  exception,  operated 
nominally  at  600  volts.  At  the  present  time  many 
railway  systems  are  operating  at  1200  to  1500  volts, 
and  there  are  indications  that  in  the  near  future  such 
systems,  as  well  as  2400  volts,  will  be  common.  It  may 
be  of  interest  to  compare  the  switchboard  equipment  for 
1200  and  2400  volt  systems  to  that  for  600  volt  systems. 
As  switchboards  for  600  volt  railway  systems  are  quite 
well  known,  no  description  of  them  need  be  given.  Some 
features  found  in  the  600  volt  systems  will,  however,  be 
mentioned  in  order  to  show  how  they  are  modified  in 
the  higher  voltage  systems. 

With  the  comparatively  low  potential  of  600  volts, 
slate  is  a  reliable  material  on  which  to  mount  the  switch- 
ing apparatus.  Also  at  this  voltage,  it  is  safe  to  operate 
the  apparatus  directly  ;  that  is,  without  any  means  of 
remote  control.  Fig.  i  shows  a  standard  600  volt  rail- 
w-ay  board,  and  Figs.  2,  3  and  4  show  connection  dia- 
grams for  typical  600  volt  installations. 


Attention  is  called  to  the  interlock  between  the 
direct-current  and  alternating-current  sides  in  the  rotary 
converter  and  motor-generator  circuits 

^  Cir  Br. 

in  Figs.  2  and  3.  The  alternating- 
ciuTent  circuit  breaker  is  equipped  with 
a  low-voltage  trij)ping  mechanism  actu- 
ated from  a  voltage  transformer  in  the 
alternating-current  circuit.  The  carbon 
circuit  breaker  on  the  direct-current 
side  is  also  equipped  with  a  low-voltage 
mechanism  actuated  from  the  direct- 
current  circuit.  Through  an  auxiliary 
switch  provided  on  the  oil  circuit 
breaker  frame  the  opening  of  this  cir- 
cuit breaker,  due  to  overload  <ir  for 
some  other  reason,  will  short-circuit  the 
low-voltage  coil  of  the  carbon  circuit 
breaker,  causing  it  to  open,  and  thus  cut  nc.  i — stand- 
ofl:   the   set    from   both   the   alternating        '^^  ^°°  '''°^'^ 

11-  ■  ■  T  ,  ,•    •  RAILWAY 

and   chrect-current   sides.      In  addition,        s\vitchbo\rd 
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the  generator  circuit  is  equipped  with  a  reverse-current 
relay  which,  on  the  reversal  of  the  current  for  any 
reason,  such  as  the  interruption  of  power  on  the  alter- 
nating-current side,  will  trip  the  oil  circuit  breaker,  and 
this  in  turn  the  carbon  circuit  breaker.    This  scheme  of 
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riG.   2 — m.\C9..\U.    OF   CONNECTIONS    FOR   6oO   VOLT    MOTOR-CENKRATOR 
AND   SWITCHBOARD 

interlocking  admits  of  general  application.  The  reverse 
current  relay  is  necessary,  however,  only  when  the 
direct-current  feeders  are  interconnected  with  independ- 
ent sources  of  direct  current. 

The  circuit  breaker  installed  in  the  grounded  nega- 
tive armature  lead  in  Fig.  4  is  required  by  the  national 
electrical  code  and  insvires  full  protection  against  a 
ground  in  the  machine  or  on  the  positive  lead,  which  is 
virtually  a  short-circuit  on  the  generator,  since  the  latter 
is  operating  with  a  grounded  negative.  This  circuit 
breaker  is  not  considered  necessary  with  motor-gener- 
ator sets  or  with  rotary  converters  in  600  volt  service 
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FIG.  3 — DIAGRAM  OF   CONNECTIONS  FOR  6oO  VOLT   ROTARY    CONVERTER 
AND   .SWITCHBOARD 

where  automatic  overload  protection  is  provided  on  the 
alternating-current  side,  as  it  is  apparent  that  this  will 
protect  against  a  groiuid  of  the  nature  stated.  Because 
of  the  higher  voltage,  the  installation  of  a  circuit  breaker 


in  the  negative  lead  is  considered  justifiable  with  sys- 
tems higher  than  600  volts  with  all  types  of  apparatus. 

For  switchboards  to  control  1200  volt  direct-current 
circuits,  slate  hardly  affords  a  satisfactory  material  on 
which  to  mount  the  switching  apparatus,  and  for  this 
service  marble  is  used  altogether.  Sections  of  the  panel 
with  which  1200  volt  live  parts  do  not  come  in  contact 
may  be  slate,  but  the  practice  is  to  make  the  whole  panel 
of  marble  for  uni- 
formity. 

The  s  w  i  tching 
gear  is  operated  by 
remote  control.  The 
circuit  breaker  and 
switch  are  mounted 
out  of  reach  of  the 
operator  and  oper- 
ated through  insu- 
lated rods  from  a 
handle  conveniently 
located  on  the  panel.  Fig.  5  shows  a  typical  1200 
volt  switchboard,  such  as  is  called  for  by  systems 
as  typified  in  Figs.  6,  7  and  8.  In  these  diagrams 
the  interlocking  scheme  is  the  same  as  that  employed 
on  the  600  volt  installation.  The  starting  switches 
used  when  two  rotary  converters  operate  in  series  for 
1200  volt  service  are  plain  double-throw  knife  switches 
equipped  with  barriers  which  protect  the  station 
operator  against  accidental  contact.  The  starting  switch 
ne.xt  to  the  positive  bus  is  at  full  I2CK)  volts  poten- 
tial above  ground.  If  each  converter  has  its  indi- 
vidual starting  panel,  the  barriers  are  sometimes  omitted 
from  the  starting  panel  of  the  one  next  to  ground,  al- 
though for  uniformity  it  is  usual  to  arrange  both  start- 
ing panels  with  barriers.  For  the  sake  of  safety  in  oper- 
ating the  starting  switches  the  converter  next  to  the 
positive  bus  should  be  started  first  so  that  the  potential 
to  ground  on  the  switches  will  be  limited  to  600  volts. 


ITG.    4 — DIAGRAM    OF    CONNECTIONS    FOR 
600   VOLT   ENGINE-DRIVEN    GENER- 
ATOR AND   SWITCHBOARD 
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FIG.    5 — 1200   VOLT    RAILWAY    SWITCHBOARD 

These  starting  switches  are  mounted  on  marble  bases. 
With  \200  volt  converters,  oil  switches  are  employed  for 
starting  in  place  of  knife  switches. 

The  low-voltage  circuits  of  the  direct-current  carbon 
circuit  breakers  are  obtained  from  the  direct-current 
side — 1200  volts  where  one  1200  volt  machine  is  used; 


THE    ELECTRIC   JOURNAL 


457 


but  where  two  converters  or  generators  are  operating  in 
series  the  low-voltage  circuit  of  the  carbon  breakers 
should  be  taken  from  across  the  machine  next  to  ground. 
Where  machines  are  operated  in  series,  the  series  and 
commutating  fields  of  both  machines  are  connected  in 
the  ground  lead. 

Systems  operating  on  2400  volts  may  employ  two 
1200  volt  rotary  converters  or  direct-current  generators 


FIG.    6 — DIAGRAM    OF    CONNECTIONS    OF    SWITCHBOARD    AND    MOTOR- 
GENERATOR    SET,    CONSISTING    OF    TWO    6oO    VOLT 
GENER-^tTORS   IN   SERIES 

in  series.  The  low-voltage  circuit  of  the  carbon  circuit 
breaker  is  connected  to  the  machine  next  to  ground. 
The  main  departure  in  the  switching  gear  from  that  of  a 
1200  volt  svstem  lies  in  the  use  of  a  resistance  circuit- 


FIG.  7 — DI.\GRAM   OF  CONNECTIONS   WITH   TWO  600  VOLT  ROTARY 
CONVERTERS  IN  SERIES 

breaker  equipment  consisting  of  two  poles — a  non-auto- 
matic pole  and  an  automatic  pole,  mechanically  inter- 
locked, and  with  resistance  shunted  across  the  studs  of 
the  latter.  These  two  poles  are  closed  together,  but  are 
arranged  so  that  on  overload  the  automatic  pole  will 


open  slightly  ahead  of  the  other,  thus  automatically  in- 
serting resistance  in  the  circuit  and  limiting  the  current 
which  the  circuit  breaker  must  open.  The  automatic 
pole  is  also  equipped  with  a  transfer  switch  which  in- 
serts resistance  in  the  fields  of  the  generator  before  the 
main  circuit  is  finally  broken.  This  lowers  the  gener- 
ator voltage  and  provides  an  additional  means  of  limit- 
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FIG.   8 — DIAGRAM   OF   CONNECTIONS   OF    1200   VOLT   ROTARY   CONVERTER 

ing  the  current  to  be  opened.  The  interlock  between  the 
circuit  breakers  on  the  direct-current  and  alternating- 
current  sides  is  the  same  as  that  described  previously 
for  600  volt  systems.  Fig.  9  shows  a  typical  2400  volt 
switchboard.  Between  each  pole  two  barriers  are  used 
to  prevent  the  arc  at  one  pole  from  reaching  over  to  the 
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FIG.   ') — 2400   VOLT    SWITCHBO.\RD 

arc  of  the  adjacent  pole.     The  mounting  bolts  and  bar- 
riers are  also  staggered  as  an  additional  safeguard. 

In  their  development  the  construction  of  the  1200 
and  2400  volt  switchboards  has  been  governed  by  the 
consideration  of  safeguarding  the  operator,  the  neces- 
sity for  providing  the  necessary  insulation  for  the  appa- 
ratus and  by  the  necessity  for  a  means  of  making  it  pos- 
sible for  carbon  circuit  breakers  to  open  heavy  overloads 
at  high  voltages. 


Some  Comments  on  the  Operation  of  the 
Norfolk  &  Western  Electrification 

Q.  W.  Hershey 

Heavy  Traction  Dept.. 

Westinghousc  Electric  &  Mfg.  Company 

THE  Elkhorn  grade  electriticalion  of  the  Norfolk  hour  period,  and  the  average  trailing  load  is  at  present 
&  Western  Railway  is  located  in  the  midst  of  the  about  41  000  tons  per  day.  To  pull  this  load  under  the 
Pocahontas  coal  district  where  this  company's  prevailing  conditions  of  grade  and  curves  required  very 
main  line  crosses  the  Appalachian  Mountains.  The  elec-  heavy  equipment.  The  initial  order  covered  24  half 
trification  now  in  operation  extends  from  Bluefield,  W.  locomotives,  arranged  so  that  any  two  half  units  can  be 
Va.,  located  on  the  eastern  slope  of  the  main  mountain  worked  together  to  form  a  complete  locomotive,  each  of 
range  crossing  to  East  Vivian,  a  point  approximately  30  these  complete  locomotives  weighing  270  tons.  The  prin- 
niiles  west.  In  addition  to  the  main  line  double-track  cipal  dimensions,  weights  and  performance  of  the  loco- 
construction,  there  are  numerous  sidings  and  stubs 
through  the  coal  field,  bringing  the  total  trackage  of  the 
electrified  zone  up  to  nearly  100  miles.  The  main  line 
is  double-tracked  at  all  points  through  this  district  with 
the  exception  of  the  Elkhorn  Tunnel,  which  is  3100  feet 
in  length ;  this  tunnel  having  been  a  great  restriction 
to  the  movement  of  traffic  over  this  division.  Api)roxi- 
mately  60  percent  of  the  tracks  are  on  curves,  some  of 
which  are  as  short  as  12  degrees.  The  grades  are  heavy, 
a  considerable  section  averaging  two  percent,  with  a 
maximum  of  two  and  one-half  percent.  The  main 
traffic  eastbound,  originating  in  the  westerly  section  of 
the  electrified  zone,  is  against  the  grade  to  the  eastern 
portal  of  the  Elkhorn  Tunnel ;  from  this  point  to  Rlue- 
field  the  trafflc  is  for  a  short  distance  down  a  2.3  percent 
grade,  then  again  gradually  rising  to  the  classification 
yards  at  Bluefield.  While  there  is  consideral)lc  tonnage 
traffic  west  from  the  Bluefield  yards,  the  main  west 
traffic  is  composed  of  empties  which  arc  distributed  to 
the  gathering  points  on  the  western  slope  of  the  moun- 
tain, in  the  western  section  of  the  electrified  zone. 

In  the  conception  of  a  workable  system  for  this  elec- 
trification in  which,  of  necessity,  exceedingly  heavy 
trains  were  to  be  transported,  with  their  resulting  large 
power  requirements,  it  was  unquestioned  that  a  high- 
voltage  system  of  power  transmission  would  be  the  only 
feasible  one.  This  condition  necessitated  the  installa- 
tion of  an  overhead  contact  system  as  the  simplest  and 
most  stable  character  of  construction.  The  single-phase, 
alternating-current  system  admirably  fulfilled  the  condi- 
tions of  delivering  these  enormous  quantities  of  power. 
This  system  was  therefore  selected,  designed  and  in- 


motives  under  varying  conditions  of  load  are  given  in 
Tables  I  and  II.  However,  on  tests  and  in  service  the 
locomotives  have  developed  a  drawbar  pull  considerably 
in  excess  of  the  guaranteed  maximum,  the  highest 
record  obtained  with  a  dynamometer  car  being  180000 
lbs.  Running  speeds  of  14  and  28  miles  per  hour  are 
available. 


Table    1 — Principal    Dimensions    and    Weights    of    Complete 
loco.motive 

Length    over    all 105ft.   Sin. 

Driving  wheclbase,  total S3  ft.  10  In. 

Rigid    wheelbase    1 1  ft.  0  in. 

Trucl<   whcelba.se    16  ft.  6  in. 

Height,  rail  to  pantagraph    (locked) 16  ft.  0  in. 

HeiRht,  rail  to  top  of  cab   (maximum) 1-1  ft.  9  in. 

Width  over  all   (maximum) 11  ft.  6 li  in. 

Width  over  car  body 10  ft.  3  in. 

Diameter  of  driving  wheels 62  in. 

JJiameter  of  pony   wheels 30  in. 

\'.'eight   on   drivers 220  tons 

Votal  weight  of  locomotive 270  tons 


Table  II — Locomotive  Performances  Under  Varying  Load 

CO.NDITIO.NS 

Train  on     Train  Train 

1.5  and  2      on  1  on  0  A 

per  cent  per  cent  per  cent 

grades      grades  grades 

Weight   of   train— tons 3  250          3  250  3  250 

Locomotives   per   train 2                  1  1 

Approximate  speed,  miles  per  hour 14               14  28 

Drawbar  pull  per  locomotive,  pounds  : 

Uniform    acceleration    91800      114  000  79  400 

At  speed  on  2  per  cent  grade 75400         ..... 

At  speed  on  1  per  cent  grade S5  SOO         

At  speed  on  0  4  per  cent  grade 4  600 

Maximum         guaranteed        accelerating 

tractive  effort  per  locomotive 133  000      133  000  90  000 

.Approximate        maximum       guaranteed 

horsepower  developed  by  motors 5  000         5  000  6  700 


The  current  for  the  pro|mlsion  of  these  locomotives 
is  generated  in  a  steam  power  plant  located  at  Bluestone, 
W.  Va.,  a  point  about  midway  of  the  electrified  zone. 
Single-phase  power  secured  from  three-phase  turbo- 
generators  operated   single   phase   at    1 1  ooo   volts,   25 


stalled.  A  000  grooved  phono-electric  wire  was  hung  cvcles.  Current  is  transmitted  single-phase  at  44  000 
at  a  uniform  height  of  24  feet  above  the  rail  by  a  caten- 
ary construction,  comprising  a  main  messenger  wire 
which  supports  a  horizontal  auxiliary  messenger  wire 
from  which  the  contact  wire  is  suspended.  Very  simple 
tubular   steel   poles,   with   a   horizontal   beam   between 


volts  to  several  sub-stations,  where  it  is  stepped  down  to 
the  contact  pressure  of  11  000  volts.  The  current  is  col- 
lected from  the  contact  wire  by  pantographs  with  sliding 
shoes.  There  are  two  pantographs  on  each  half  unit, 
either  being  sufficient   for  the  service,  the  other  being 


poles  located  on  opposite  sides  of  the  track,  make  up  a  maintained  for  reserve  in  case  of  damage  to  the  one  in 

very  light  bridge  from  which  the  messenger,  auxiliary  operation.       The   main    locomotive   motors    are    of    the 

and  contact  wires  are  suspended.  ordinary    three-phase,    slip-ring   induction    motor   type. 

The  eastbound  traffic  over  the  electrified  zone  has  at  equipped  with  a  pole-changing  device  to  secure  the  two 

times  run  as  high  as  63  000  tons,  trailing  during  a  24  speeds.    Three-phase  current  for  these  motors  is  secured 
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through  the  use  of  phase  converters  located  in  every  cab. 
While  the  electric  operation  has  not  yet  been  in 
service  long  enough  to  get  a  systematic  tabulated  com- 
parison of  operations  with  the  previous  steam  operation, 
certain  features  stand  out  clearly,  pointing  unmistakably 
to  economies  and  betterments  in  operation  which  will  be 
established  by  the  use  of  electric  locomotives.  During 
June,  1914,  there  were  transported  over  the  present  elec- 
trified zone  by  steam  operation,  in  which  is  known  as 


By  the  use  of  an  additional  pusher  in  addition  to  the 
rear  locomotive,  trains  as  heavy  as  4800  tons  have  been 
hauled  over  the  mountain  at  a  speed  of  14  miles  per 
hour.  On  the  heavy  grades  on  the  western  slope  14 
miles  per  hour  is  the  regular  electric  train  speed,  while 
on  the  eastern  side  14  miles  and  28  miles  are  the  regular 
speeds  for  electric  trains. 

The  operation  of  the  electric  trains  through  the  tun- 
nels has   revolutionized   the  previous  practice.     These 


FIG.    I — .XOKl-OLK    \-    WhMtK.N    CL.^SS    Z-l-A    M.\LLKT    CUMPiiVMi    IREIGHT    I.OLOMOTIVK 

This  is  the  type  of  locomotive  which  is  replaced  bj-  the  electrics.     Cylinders,  22  and  35  by  32  in.     Driving  wheels,  56  in. ;  driving 

wheel  base,  30  ft.  6  in.     Rigid  wheel  base,  10  ft.     Weight  on  driving  wheels,  341  000  lbs.     Total  engine 

weight,  411  700  lbs.     Weight  of  engine  and  tender,  571000  lbs. 


"hill  crew"  service,  272  trains,  averaging  2896  tons  each. 
In  this  service  three  class  Z-i  Mallet  compound  locomo- 
tives were  used  on  each  train,  one  operated  at  the  head 
and  one  at  the  rear  of  the  train,  with  an  additional  one 
as  pusher,  22  engines  being  required  to  handle  the  traffic. 
During  June,  191 5,  with  partial  electric  service,  397 
trains  of  3054  tons  each  were  handled  over  this  same 
section.     To  handle  this  service,  which  was  practically 


tunnels,  particularly  the  Elkhorn  Tunnel,  which  is  lo- 
cated on  a  very  bad  grade,  being  rather  narrow  and  hard 
to  ventilate,  seriously  hampered  the  operation  of  heavy 
trains  in  steam  service.  As  was  entirely  natural  also,  a 
considerable  amount  of  moisture  was  always  prevalent 
in  the  tunnel,  which  made  a  bad  rail.  Due  to  these  con- 
ditions, and  the  fact  that  the  train  could  move  no  faster 
than  the  gases  could  be  driven  ahead  of  it,  the  engines 
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FIG.  2— ELECTRIC   LOCOMOTIVE  I.N   USE  OX 

60  percent  more  than  was  handled  during  the  same 
month  one  year  previous,  four  electric  engines  and  ten 
Mallets  were  required,  and  it  is  significant  that  the 
four  electric  engines  during  that  month  covered  63  per- 
cent of  the  mileage  and  hauled  j^  percent  of  the  total 
tonnage. 

A  normal  electric  trainload.  using  one  electric  engine 
at  the  front  and  another  as  pusher,  consists  of  3250  tons. 


THE  NORFOLK   &   WESTERN   RAILW.\Y 

were  worked  at  low  speed  during  the  whole  jiassage,  and 
it  was  not  unusual  at  all  to  require  thirty  to  forty  min- 
utes for  a  heavy  tonnage  steam  train  to  go  through  this 
tunnel.  Under  electric  operation  the  tunnel  is  now  tra- 
versed at  14  miles  per  hour,  requiring  only  about  2.5 
minutes. 

\\  hen  this  electrification  was  first  studied,  and  the 
power  required  for  the  tonnage  and  grades  was  worked 
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out  at  the  speeds  to  be  used,  it  was  thought  that  the  enor- 
mous power  required  for  each  locomotive  would  tend  to 
cause  an  overlapping  of  locomotive  loads,  such  that 
enormous  peaks  would  be  created  at  the  power  house, 
with  a  resultingly  low  load-factor.  While  only  a  small 
number  of  train  units  is  being  operated  over  the  elec- 
trified zone,  under  which  condition  the  diversity  factor 
is  at  a  minimum,  the  load-factor  is  quite  satisfactory 
even  under  this  condition.     This  is  due  to  the  fact  that 


effort  required  on  their  part  to  make  safe  and  reliable 
descent  of  these  grades  with  the  steam  engines  is  inspir- 
ing to  those  who  have  had  to  do  with  this  change.  It 
seems  to  be  a  consensus  of  popular  opinion  from  the 
expression  of  those  now  operating  the  electric  system 
that  this  one  change  alone  largely  justifies  the  electric 
installation. 

The  engine  crews  seem  to  be  very  much  pleased  with 
the  character  of  work  they  personally  have  to  do  in  han- 
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FIG.   3 — OUTLINE   MAP  OF   ELECTRIFIED   SECTION   OF   NORFOLK   &   WESTERN    RAILWAY 


the  Up-grade  load  is  of  rather  long  duration  and  is  very 
constant  in  its  demands.  Also,  there  is  such  a  natural 
distribution  of  train  demands  that  the  power  demands 
do  not  overlap  in  proportion  to  the  increase  in  the  num- 
ber of  trains.  This  is  accomplished  through  a  proper 
arrangement  of  schedules.  The  load-factor  in  the 
power  house  is  now  about  40  percent. 

One  of  the  very  interesting  features  of  operation  of 
this  traffic  electrically  is  that  of  automatic  regenerative 
braking  on  down  grades.  After  a  train  has  reached  the 
"knuckle" — the  summit  near  Ruth,  at  the  eastern  portal 
of  the  Elkhorn  tunnel — it  is  run  down  the  2.5  percent 
grade  at  14  miles  per  hour  without  the  use  of  air  brakes. 
The  rear  engine  is  here  cut  off  and  the  head  engine 
continues  with  the  train  at  a  constant  speed  of  approxi- 
mately 14  miles  per  hour.  This  is  accomplished  entirely 
automatically,  the  motors  on  the  locomotive  operating  as 
generators  driven  by  the  weight  of  the  descending  train. 
As  a  locomotive  approaches  the  summit  of  the  grade 
and  begins  to  descend  the  cnginenian  notices 
practically  nothing  but  a  falling  back  of  the 
pointers  in  the  motor  ammeters  to  practi- 
cally zero,  and  then  again  gradually  rising 
to  probably  three-fourths  of  the  registra- 
tion of  current  shown  on  the  up  grade,  indi- 
cating merely  a  reversal  of  energy  and 
showing  supply  of  current  to  the  trolley 
wires.  It  is  profoundly  impressive,  and  to 
the  layman  mystifying,  to  observe  these 
enormously  heavy  trains  rising  on  one  side  of  the  moun- 
tain against  a  heavy  grade  and  sliding  down  the  opposite 
side  without  jolt  or  grinding,  and  at  constant  speed 
without  the  use  of  the  air  brakes,  and  no  indication  of 
this  change  discernible  but  for  the  swinging  change  in 
the  meter  needles  as  described.  Popular  comment  by 
the  railroad  employees  who  were  accustomed  to  and  ac- 
quainted   with   all    the   difficulties,   inconveniences   and 


dling  the  electric  locomotives  as  compared  to  handling 
Mallet  steam  engines.  Expressions  from  many  of  the 
engineers  bring  out  the  following  practical  points : — 

The  electric  engines  handle  easier ;  they  ride  better, 
both  as  to  comfort  of  the  engineer  and  the  effect  on 
track ;  there  is  less  nosing  and  jolting  of  the  engine ;  the 
engine  crew  is  not  exposed  to  the  weather ;  it  is  more 
comfortable,  both  in  winter  or  in  summer,  by  eliminating 
the  cold  in  winter  and  the  excessive  heat  from  the 
engine  in  summer.  There  is  no  necessity  for  the  engine- 
man  to  give  special  attention  to  steam  gauges,  water, 
coaling,  etc.  Having  the  power  supply  removed  from 
his  personal  supervision  still  further  reduces  his  cares. 
Such  things  as  need  any  attention  on  the  road  the  engine- 
man  can  adjust  more  easily.  The  engine  can  get  started 
sooner  after  receiving  orders.  The  engineman's  sight 
ahead  is  clear,  due  to  absence  of  steam,  with  the  result- 
ing probable  greater  safety.  In  short,  the  work  and 
strain  is  not  so  heavy  in  the  operation  of  the  electric  en- 


FIG.  4- 


PROFILE  OF  ELECTRIFIED   SECTION — Vn'IAN   TO  BLUEFIELI) 

gine.  The  "fireman's"  heavy  work  is  all  gone — he  has 
only  to  oil  and  inspect  the  equipment  and  confirm  signals. 
The  train  crews  are  particularly  expressive  in  their 
appreciation  of  electric  operation  as  compared  to  steam 
operation,  due  largely  to  their  experience  with  re- 
generative braking.  The  necessity  for  climbing  over 
cars  in  winter  and  under  all  other  weather  conditions, 
and   the  danger  incurred   thereby,   is   eliminated,   from 
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the  fact  that  it  is  not  necessary  to  set  up  "retainers"  in 
down-grade  operation. 

With  steam  operation  the  starting  of  these  trains  on 
a  heavy  grade  was  not  particularly  difficult,  providing 
the  track  were  in  good  condition  and  the  engines  not 
overloaded.  The  usual  method  of  starting  was  for  the 
front  locomotive  to  give  up  slack  over  about  one-half 


for  a  considerable  time  with  full  current  on  without 
damage  to  the  equipment.  This  feature  is  characteristic 
of  the  alternating-current  equipment,  and  through  it 
starting  of  the  trains  electrically  is  secured  without  any 
trouble  whatsoever.  With  the  equipment  properly  de- 
signed, the  locomotives  in  starting  approximate  very 
closely  steam  locomotive  characteristics.  When  a  train 
is  ready  to  be  started  the  head  engineer,  by  the  use  of 
the  whistle,   signals  the  order.     At  the   same  time  he 


FIG.    5 — TUBULAR    POLE    BRIDGE    OVERHEAD    lo;\  slRbL  1  lu.\     UN    A 
TYPICAL  CURVE  ON  THE  MAIN  LINE 

the  train  and  then  upon  signal  all  locomotives  in  the 
train  would  start  concurrently.  The  rear  locomotives 
would  in  all  probability  hold  the  train  with  open  throttle 
during  the  time  in  which  the  head  locomotive  was  care- 
fully taking  up  slack  and  getting  under  way.  As  soon 
as  this  had  progressed  to  a  sufficient  degree  the  rear 
locomotives  would  also  begin  to  move. 

Starting  these  heavy  trains  by  electric  locomotives 
was  seriously  considered  at  the  time  of  designing  the 


FIG.  6 — TYPICAL   SUB-ST.\TION   AND  CATENARY   STRUCTURE 

drops  his  engine  back  a  short  distance,  letting  the  slack 
down  the  train,  the  shock  being  transmitted  to  the 
rear  engineer.  Upon  the  receipt  of  this  signal  the 
rear  engineer  immediately,  through  a  proper  manipula- 
tion of  his  control  and  liquid  rheostats,  puts  current  into 
his  motor  equipment.  This  tends  to  give  full  tractive 
effort  and  the  rear  locomotive  will  then  "hang-on" 
against  the  load  until  the  head  engine  has  taken  up 
its  slack,  and  from  the  joint  efforts  of  the  head  and 
rear  locomotives  the  train  immediately  begins  to  ac- 
celerate. It  sometimes  occurs  that  the  head  locomo- 
tive is  not  started  promptly  or  that  the  two  locomotives 


FIG.    7 — FULL    TONNAGE   TR.\IN    OPERATION    ON    THE 

equipment.  The  alternating-current  motor  used  in  these 
locomotives  is  devoid  of  commutators,  the  only  sliding 
contacts  between  internal  circuits  of  the  motor  equip- 
ment and  external  control  circuits  being  those  of  the 
slip  rings  upon  which  brushes  of  very  ample  capacity 
rest.  With  the  alternating-current  motor,  therefore, 
it  is  entirely   practicable   for   the   motor  to   stand   still 


28    MILE  PER   HOUR   SECTION   OF  THE   ELECTRIC   ZONE 

may  not  be  started  together,  in  which  case  the  "hang- 
on"  capacity  of  either  of  the  locomotives  makes  possible 
a  prompt  and  proper  start  when  the  propulsive  efforts 
of  the  two  locomotives  come  together.  It  is  this 
"hang-on"  capacity  that  bridges  inequality  of  concurrent 
action  between  the  front  engineman  and  that  of  the  rear 
engineman.    This  characteristic  is  one  of  the  very  valu- 
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able  practical  necessities,  lirst  utilized  in  this  installa- 
tion, to  make  enormous  electric  locomotives  practicable 
for  long  train,  heavy  tonnage  service. 

Never  before  in  the  history  of  railroading  have  such 
enormous  amounts  of  power  been  transmitted  elec- 
trically to  be  utilized  in  securing  tractive  effort.  It  is 
astounding  to  survey  the  comparatively  light  overhead 
construction  and  see  these  enonnous  trains  accelerated 
against  their  heavy  grades  from  standstill  to  14  miles 
per  hour  in  less  than  two  minutes,  and  to  know  that  at 


limes  as  much  as  10  000  horse-power  is  being  delivered 
to  and  utilized  by  a  single  locomotive.  A  review  of  the 
conditions  formerly  encountered  in  attempted  starting  in 
the  tunnel  with  its  gases  and  moisture  and  heat,  with  an 
average  speed  over  the  whole  section  of  only  six  to  seven 
miles  per  hour  with  Mallet  steam  service,  affords  a 
startling  contrast.  All  this  has  been  eliminated ;  the 
speeds  of  these  trains  have  been  raised  up  to  14  miles  an 
hour,  and  over  the  other  sections  operation  is  now  car- 
ried on  at  2S  miles  per  horn". 


The  Field  of  Application  of  Phase  Converter 

Locomotives 


T 


R.  E,  Hkixmund 

Railway  Engineering  Dept., 

Westingliouse  Electric  &  Mfg.  Company 

HE  Rl'-CENT  development  of  phase  converter  ])antagraph  is  small  and  can  easily  be  taken  care  of  by 
locomotives  in  connection  with  the  electrification  the  means  at  present  known  to  the  art.  In  this  connec- 
of  the  Elkhorn  grade  of  the  Norfolk  &  Western     tion  it  may  be  pointed  out  that  one  of  the  Norfolk  & 


Railway  Company  naturally  suggests  a  number  of  ques- 
tions in   the   minds  of   those  not    familiar   with   all   the 

details  of  this  elcctritica- 
tion,  as  for  instance: — 
Why  was  a  phase  converter 
locomotive  used  in  this  par- 


Western  locomotives  has  a  continuous  rating  of  about 
jrioo  horse-power  and  an  hoiu-  rating  of  about  3200 
horse-power,  and  that  loads  of  5000  horse-power  are 
carried  for  periods  of  five  to  fifteen  minutes;  also,  that 
two  of  these  locomotives  are  necessary  for  handling  a 
single  train.  With  3000  volts,  which  is  the  highest  volt- 
ticular  installation  in  pref-  age  now  being  proposed  and  used  on  a  large  scale  for 
erence  to  locomotives  with  locomotives  without  transforming  devices  for  either 
single  -  phase  commutator  direct  current*  or  alternating  currcntt,  this  means  a  very 
motors,  or  in  ]ireference  large  current;  about  700  amperes  for  the  continuous 
to  direct  -  current  locomo-  rating,  900  amjjcres  for  the  hour  rating  and  1400 
tives?  What  is,  in  general,  amperes  for  periods  of  from  five  to  fifteen  minutes 
the  field  of  application  of  per  locomotive,  and  twice  those  values  for  one  train 
])hase  converter  locomo-  in  case  of  a  single  overhead  wire.  It  is  well  known 
tives?  Is  the  phase  con-  that  the  collection  of  such  currents  from  an  over- 
verter  locomotive  to  en-  head  conductor  offers  considerable  difficulty.  On  the 
tirely  supersede  locomotives  and  vehicles  with  single-  other  hand,  the  use  of  a  third  rail  for  3000  volts  is  ex- 
])hase  comnuitator  motors,  or  has  it  only  a  limited  field  ceedingly  dangerous,  especially  under  local  conditions 
of  application  ?  Answers  to  these  questions  can  be  found  such  as  existing  on  the  Norfolk  &  Western  Railway, 
best  by  first  going  over  a  list  of  the  essential  merits  of  whose  roadbed  serves  to  a  large  extent  as  a  public  high- 
way. Since  the  rating  of  the  Norfolk  &  \\'estern  loco- 
motives is  not  by  any  means  the  maximiun  which  will 
be  desirable  on  electric  locomotives,  even  higher  current 


IIlil.I.MUND 


the  ])hase-convertcr  type  of  locomotive. 

HIGIi-VOLT.VCE    TROLLEY 


The  jjhase  converter  locomotive,  being  equi])ped  with 
a  stcji-down  transformer,  in  common  with  other  single- 


values  would  have  to  be  reckoned  with  in  any  attempt 
t(/  use  a  comparatively  low  voltage  (2400  to  3000  volts) 


phase  locomotives,  has  the  desirable  possibility  that  ff,r  heavy  trunk  line  electrifications.  The  choice  of  high 
power  of  a  voltage  best  suited  for  transmission  purposes 
(10 000  to  16000  volts)  can  be  transmitted  to  the  loco- 
motive where  it  can  he  reduced  to  a  low  voltage  suited 
for  the  driving  apparatus,  its  control  and  auxiliaries. 
As  is  well  known,  the  use  of  high  voltages  for  transmis- 
sion to  the  locomotive  has  the  advantage  that  the  first 
cost  of  the  line  copper  and  sub-stations  is  comparatively 
small.  High  voltage  furnished  to  the  locomotive  also 
means  that  the  current  to  be  collected  bv  the  overhead 


voltage  is  therefore  very  desirable  with  the  present  stage 
of  the  art  in  case  of  very  heavy  trunk  line  electrifica- 
tions. 

USE  OF   TXnUCTION    MOTORS 

One  of  the  principal  advant.igcs  which  the  phase  con- 
verter locomotive  has  over  locomotives  with  commutator 


*Chicago.  Milwaukee  S:  St.  Paul  electrification, 
titalian   State  Railways,  3000  volts,  three-phase,   furni>Iied 
directly  to  the  motors  without  a  transformer. 
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motors  of  all  types  is  that  it  permits  the  use  of  induction  motors  for 
driving.    The  gains  accomplished  thereby  are  as  follows : — 

The  induction  motor  has  no  commutator:  this,  in  turn,  means  that 
difficulties  inherent  to  commutators  are  eliminated.  Much  more  im- 
portant than  this,  however,  is  the  fact  that  the  space  taken  up  by  the 
commutator  becomes  available  for  active  core  iron  in  induction  motors. 
As  is  well  known,  the  space  which  is  available  in  an  electric  locomotive 
for  the  driving  motors  is  very  limited.  The  diameter  of  the  motor  is 
usually  limited  by  the  safe  armature  peripheral  speeds,  favorable  gear 
ratio,  clearance  under  the  .gear,  wheel  size,  etc.,  as  illustrated  in  Fig.  i. 
The  width  of  the  motor  is  limited  by  the  space  available  between  the 
flanges  of  the  wheels.  The  space  between  the  wheels  is  taken  up.  as 
indicated  in  Figs.  2,  3  and  4,  by  the  walls  of  the  motor  housing,  the 
commutator  and  the  insulating  V-rings  forming  part  of  the  commu- 
tator (in  the  case  of  commutator  motors),  the  space  required  for  the 
end  connections  of  the  armature  coils,  the  magnetic  core  and  a  number 
of  necessary  clearances  between  the  locomotive  parts  and  the  motor 
frame  and  housings,  as  well  as  between  the  inside  of  the  motor  frame 
and  housing,  and  the  motor  armature.  In  locomotives  with  the  driving 
gear  (cranks  or  gears,  or  both)  located  outside  of  the  wheels,  the  loco- 
motive frame  is  at  times  located  inside  of  the  wheels,  as  shown  in  Fig. 

2,  taking  up  part  of  the  space  between 
the  wheels.  In  locomotives,  where  the 
gears  are  located  inside  of  the  wheels, 
as  shown  in  Figs.  3  and  4,  the  gears  and 
the  gear  case,  as  well  as  clearances  in- 
side and  outside  of  the  gear  case,  take 
up  a  large  percentage  of  available  space. 
Fig.  3  shows  the  motor  proportions  as 
usually  found  with  low  voltages  requir- 
ing wide  commutators  but  relatively 
small  space  for  the  armature  coil  exten- 
sions. Fig.  4  shows  the  motor  propor- 
tions usual  in  high-voltage  motors  with 
narrower  commutator,  but  requiring  in- 
herently more  space  for  the  armature 
coil  extensions,  resulting  in  about  the 
same  core  width  as  shown  in  Fig.  3. 
For  this  reason,  it  is  a  fact  that  of  the 
space  which  is  usually  available  between  wheel  hubs  there  is  only  about 
20  to  30  percent  left  over  for  the  iron  core  of  the  motor — that  is,  for 
that  part  of  the  armature  which  actually  determines  the  output  of  the 
motor.  Incidentally,  this  small  core  width  is  usually  also  the  maximum 
width  permitting  really  favorable  commutating  conditions  for  both 
direct  and  alternating-current  motors. 

This  rather  unfavorable  condition  that  only  about  20  to  30  percent 
of  the  available  space  can  be  used  for  active  core  iron  is  considerably 
improved  in  case  of  induction  motors.  The  slip  rings  required  for  these 
motors  can  usually  be  located  either  underneath  the  end  connections  of 
the  rotor  winding,  as  shown  in  Fig.  5,  or  (by  bringing  the  rotor  winding 
leads  through  a  hole  in  the  shaft)  altogether  outside  of  the  motor,  as 
shown  in  Fig.  6.  Therefore,  the  space  taken  up  for  the  commutator  and 
its  accessories  in  a  commutator  motor  may  be  used  for  active  core  iron 
in  an  induction  motor,  making  it  possible  to  build  cores  utilizing  40  to 
SO  percent  of  the  available  space— that  is,  ^:^  to  100  percent  more  than 
is  possible  with  commutator  motors.  From  an  electrical  point  of 
view  all  this  width  can  be  used  to  good  advantage,  especially  "when 
power-factor  considerations  become  of  secondary  importance  through 
the  use  of  power-factor  compensating  means.    As  a  matter  of  course. 


FIG.     I — SP.\CE     LIMITATIONS     AND 

REtATIONS  BETWEEN  MOTOR  SIZE, 

GEAR  RATIO,  WHEEL  SIZE 

AND  CLEARANCES 

A  =  Minimum  p  e  r  m  i  s  s  ible 
clearance  under  the  gear 
case. 

B  =  Distance  between  the  mo- 
tor center  and  the  a.xle 
bearing. 

D    =  Size  of  wheel. 

Di  =  Ma.ximum  size  of  gear. 

D^  ^=  Minimum  pinion  d  i  a  m- 
eter. 
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comnnitating  considerations  which  inflncnce  the  choice 
of  the  core  width  in  comnmtating  motors  to  a  cer- 
tain extent  are  ahogether  absent  in  in(kiction  motors. 
With  the  space  Hmitations  prevaiUng  in  railway  work 
the  in(hiction  motor  has,  therefore,  the  advantage  that  it 
can  utiHze  a  larger  part  of  the  available  space  for  useful 
core  width.  Also,  due  to  the  absence  of  cominutating 
difficulties  and  for  other  reasons,  an  induction  motor 
gives  inherently  more  out])ut  for  a  given  core  width  and 
diameter  than  a  commutator  motor.  This  is  especially 
the  case  if  certain  design  limitations  affecting  the  induc- 
tion motor  design  on  account  of  power- factor  considera- 
tions are  removed,  or  at  least  reduced  by  the  use  of 
power-factor  compensating  means. 

It  is  evident  from  the  above  that  it  is  possible  to 
employ  more  powerful  motors  by  using  induction  motors 
than  is  possible  by  using  comnnitating  motors  of  either 
the  alternating  or  direct-current  type,  the  advantage,  of 
course,  being  more  marked  in  the  case  of  comparison 
with  alternating-current  commutator  motors  and  high- 
voltage  direct-current  motors,  which  are  inherently 
^  somewhat  larger  than  low-voltage  direct-current  motors. 
The  advantage  of  the  additional  core  width  pointed 
out  above  cannot  be  secured  in  all  cases.  In  small  diam- 
eter motors,  for  instance,  it  may  not  be  possible  to  locate 
tlie  slip  rings  underneath  the  rotor  windings,  and  it  may 
at  the  same  time,  for  other  reasons,  be  impossible  to 
locate  the  slip  rings  outside  of  the  motor.  In  such  cases 
it  will,  therefore,  be  impossible  to  gain  any  appreciable 
advantage  in  motor  rating  for  a  given  space  by  using 
induction  motors.  Furthermore,  the  inherent  advantage 
of  the  induction  motor  regarding  space  economy  de- 
]jends  somewhat  upon  the  conditions  of  the  individual 
case;  a  single  or  two-speed  induction  motor  is,  for  in- 
stance, more  favorable  than  a  motor  giving  three  or  four 
0[)erating  speeds. 

ST.WDSTILI.    Ol'KUATION 

A  further  merit  which  the  phase  converter  locomo- 
tive with  induction  motor  has  over  a  locomotive  with 
single-phase  comnnitator  motor  is  that  its  luotors  lend 
themselves  better  to  meet  certain  service  conditions  ex- 
isting in  heavy  freight  service.  In  this  class  of  service 
it  is  often  necessary,  or  at  least  convenient,  to  let  a 
pusher  locomotive  take  the  slack  out  of  the  train  by 
putting  power  on  the  ])ushing  locomotive  tirst  and  hold- 
ir.g  the  slack  until  the  front  locomotive  puts  on  power 
and  begins  to  accelerate  a  train.  While  this  operation 
could  be  accom])lished  thcoreticallv  in  a  very  short 
period  of  time,  it  often  happens  that  through  misunder- 
standing of  signals,  or  due  to  the  fact  that  certain  of  the 
brakes  do  not  release  jiropcrly,  the  train  does  not  get 
started  promptly  and  the  pushing  locomotive  has  to 
stand  still  with  |)()wer  on  for  periods  of  five  and  some- 
times ten  minutes.  With  a  single-phase  commutator 
motor  such  a  condition  is  liable  to  be  damaging,  for  the 
following  reasons: — As  is  well  known,  the  fluctuating 
nature  of  the  main  flux  in  a  single-phase  commutator 
motor  induces  a  certain  voltage  which  sets  up  so-called 


short-circuiting  currents  in  those  armature  coils  which 
happen  to  be  short-circuited  by  the  brushes.  As  long  as 
the  motor  is  rotating  none  of  the  armature  coils  are 
short-circuited  very  long  and,  therefore,  the  percentage 
of  the  time  during  which  these  short-circuiting  currents 
exist  in  each  individual  armature  coil  is  very  small.  For 
this  reason  the  heating  caused  by  these  short-circuiting 
currents  can  well  be  taken  care  of  in  practical  designs. 
If,  however,  the  armature  is  held  stationary  with  power 
on  the  motor,  the  short-circuit  currents  will  remain  in 
certain  armature  coils  all  the  time  and,  if  this  condition 
is  maintained  for  five  or  ten  minutes,  the  heating  in 
these  coils  will  in  most  practical  designs  be  sufficient  to 
either  damage  the  insulation  in  time  or  melt  the  solder 
at  the  joints  of  the  coils.  With  the  induction  motor,  the 
heating  conditions  are  not  materially  different  when  the 
motor  is  stationary  from  those  wdien  it  is  running,  unless 
the  motor  ventilation  is  depending  on  the  rotation  of  the 
motor,  wdiich  is  usually  not  the  case  in  large  locomotives 
having  separate  blowers  to  affect  the  motor  ventilation. 

RF.CKNRR.ATION 

.\notlier  merit  of  the  ])hase  converter  locomotive 
over  any  other  type  of  locomotive  is  thai  the  induction 
motor  lends  itself  particularly  well  for  automatic  regen- 
eration of  power  while  descending  grades,*  permitting 
in  an  easy  maimer  certain  economies  in  ])()wer.  wheels, 
r;;ils  .-md  brake  shoes. 

.MERITS   KOK    IIKAVV    FKF.rCHT  SERVICF. 

In  reviewing  the  above-mentioned  characteristics  of 
the  i)hase  converter  locomotives,  we  find,  first  of  all, 
that  hea\y  trunk  line  freight  work  calls  especially  for 
the  merits  of  the  ])hase  converter  locomotive.  Heavy 
freight  work  usually  re(|uires  a  maximum  amount  of 
piiwer  per  locomotive  and  train,  calling  for  large  elec- 
trical capacities  and  making  the  choice  of  system  with 
high  voltage  (10  000  to  15000  volts)  in  general  prefer- 
able 1(1  that  of  a  system  with  lower  voltages  (1500  to 
3000  volts),  as  previously  pointed  out. 

The  heavy  power  re(|uircd  for  this  work  naturally 
favors  the  locomotive  which  permits  the  in.stallation  of 
the  most  powerful  motors  into  the  given  sp.ice  in  order 
to  kee]i  the  number  of  driving  units  and  length  and 
nmnber  of  locomotives  small.  This,  therefore,  favors 
again  the  phase  converter  locomotive.  In  the  Norfolk 
iS:  Western  locomotives  this  point  was  not  of  prime  im- 
portance. Heavy  freight  work  also  makes  the  phase 
converter  locomotive  desirable  on  account  of  its  stand- 
still characteristics.  Regeneration  is,  of  course,  only  of 
importance  if  the  freight  work  is  on  grades. 

It  is,  therefore,  evident  that  the  phase  converter  loco- 
motive has  a  number  of  very  desirable  and  necessary 
features  for  heavy  freight  work,  and  that  this  type  of 
locomotive  becomes  especially  desirable  for  this  class 
of  work  if  it  is  to  lie  done  in  mountainous  countries — 


*This  feature  is  discussed  more  in  detail  in  an  article  of  this 
issue  by  Mr.  Nottage,  p.  471. 
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that  is,  under  conditions  as  existing  on  the  Norfolk  & 
Western  Railway  and  a  great  many  other  trunk  lines  in 
this  country. 

SPEED  CHARACTERISTICS 

It  may  now  be  considered  whether  the  phase  con- 
verter locomotive  has  any  drawbacks  outweighing  its 
merits  for  such  service.  The  principal  disadvantage  of 
the  converter  system  is  that  it  is  limited  to  two  or  three, 
01  possibly  four,  operating  speeds.  In  so  far,  however, 
as  heavy  freight  work,  especially  across  mountain 
chains,  is  usually  done  at  one  or  two  speeds,  which  are 
determined  by  grades,  curves  and  similar  conditions  of 
the  tracks,  the  limited  number  of  operating  speeds  inher- 
ent to  the  induction  motor  is  no  disadvantage  in  this 
kind  of  work. 

ACCELER.\TING  LOSSES 

Another  undesirable  feature  of  the  induction  motor 
locomotive,  wdiich  it  has  in  common  with  direct-current 
locomotives,  is  that  certain  rheostatic  losses  are  caused 
during  starting,  which  are  absent  in  the  case  of  single- 
phase  commutator  motors.  However,  in  freight  work 
the  number  of  stops  is  infrequent,  so  that  the  total 
starting  losses  are  of  no  great  amount  as  compared  with 
the  total  power  consumption,  and  do  not  represent  any 
appreciable  disadvantage  of  the  phase  converter  loco- 
motive. 

PHASE   CONVERTER 

.\s  another  undesirable  feature  of  the  converter  sys- 
tem it  might  be  mentioned  that  it  requires  an  extra  piece 
of  revolving  apparatus,  namely,  the  phase  converter  on 
the  locomotive.  This  is,  however,  a  disadvantage  only 
in  a  small  percentage  of  cases.  With  regard  to  tirst  cost 
and  weight,  the  following  is  to  be  considered  in  this 
connection ; — For  a  given  horse-power  rating  at  a  given 
speed  the  cost  and  weight  of  an  induction  motor  is 
about  60  to  90  percent  of  that  of  a  single-phase  motor 
of  the  same  rating,  while  the  cost  and  weight  of  the 
phase  converter  is  about  30  to  60  percent  of  the  weight 
of  the  equivalent  single-phase  motors  dependent  upon 
the  individual  requirements.  It  will,  therefore,  be  seen 
that,  for  a  given  horse-power  rating  at  a  given  speed, 
the  combined  weight  and  cost  of  the  induction  motor 
plus  phase  converter  is  in  most  cases  hardly  in  excess 
of  those  for  single-phase  commutating  motors  of  the 
same  rating.  On  account  of  peripheral  speed  considera- 
tions, it  is,  however,  often  necessary  to  design  single- 
phase  commutator  motors  for  lower  speed  than  induc- 
tion motors  to  do  the  same  railway  work,  which  in 
many  cases  turns  the  comparison  of  weight  and  cost  in 
favor  of  the  converter  locomotive,  even  under  the  as- 
sumption that  it  is  possible  to  build  the  two  types  of 
locomotives  with  the  same  number  of  motors.  As 
jiointed  out  before,  however,  in  higher  power  locomo- 
tives it  is  necessary  at  times  to  use  a  larger  number  of 
single-phase  commutator  motors  to  do  the  same  work. 
In  those  cases  the  converter  locomotive  will  be  decid- 
edly lighter  and  cheaper  than  locomotives  with  com- 
mutator motors. 


With  regard  to  maintenance,  it  is  a  question  as  to 
v.'hether  the  combined  expense  for  the  induction  motors 
and  the  converter,  both  of  which  are  very  simple  and 
rugged  in  their  make-up,  will  be  more  or  less  than  that 
for  single-phase  commutator  motors  with  the  inherent 
wear  and  tear  of  their  carbon  brushes  and  commutator. 
The  phase  converter  may  also  be  utilized  for  driving  cer- 
tain auxiliary  apparatus  on  the  locomotive,  as  for  in- 
stance, the  blowers  and  air  compressor,  thereby  allow- 
ing the  elimination  of  several  smaller  motors  for  driving 
such  apparatus.  This  depends  somewhat  upon  the  indi- 
vidual case,  that  is,  the  service  condition  to  be  met  and 
certain  limitations  imposed  by  the  most  advantageous 
layout  of  apparatus  in  the  cab,  etc.  In  the  case  of  the 
Norfolk  &  Western  locomotives,  both  the  blower  and 
tlie  air  compressor  are  driven  by  the  phase  converter. 

ACCELER.\TING  RHEOSTATS 

The  necessity  of  having  starting  rheostats  in  the 
phase  converter  locomotive,  which  is  not  required  on  a 
locomotive  with  single-phase  comnuitator  motors,  might 
also  appear  to  be  a  slight  additional  complication.  How- 
ever, as  the  secondary  circuits  of  the  induction  motor 
are  independent  of  the  primary  circuits,  and  also  as 
the  secondary  voltages  are  low,  the  use  of  water  rheo- 
stats is  possible ;  therefore,  it  is  incidentally  also  possi- 
ble to  secure  an  exceedingly  smooth  acceleration,  a  fea- 
ture which  is  ver\-  desirable,  and  to  a  certain  extent  a 
necessity,  in  handling  heavy  freight  trains.  In  order  to 
get  these  results  in  connection  with  commutator  motors, 
a  large  number  of  steps,  and  therefore  manv  heavy 
switches,  would  be  required,  so  that  both  from  a  first 
cost  and  maintenance  point  of  view  it  is  very  doubtful 
as  to  whether  the  use  of  the  water  rheostat  with  a  lim- 
ited number  of  switches  is  to  be  considered  as  a  handi- 
cap as  compared  with  the  large  number  of  switches  and 
transition  resistances,  or  inductances,  required  for  the 
control  of  single-phase  commutator  motors.  It  appears, 
therefore,  that  for  the  high-power  locomotives  required 
for  heavy  freight  work,  the  addition  of  the  phase  con- 
verter and  the  starting  rheostats  can  hardly  be  consid- 
ered a  disadvantage  in  comparison  with  locomotives, 
having  single-phase  comnuitator  motors. 

In  comparing  the  phase  converter  locomotive  with 
direct-current  locomotives  it  may  work  out  that,  with 
regard  to  first  cost  and  weight,  the  direct-current  loco- 
motive has  the  advantage,  but  as  generally  considered, 
the  extra  cost  of  all  single-phase  locomotives  over  direct- 
current  locomotives,  is  usually  more  than  made  up  by 
savings  in  the  sub-station  and  transmission  lines. 

In  addition,  for  heavy  freight  service  as  found  on 
the  Norfolk  &  Western,  with  exceedingly  heavy  acceler- 
ations extending  over  five  to  ten  minutes,  and  with  loco- 
motives standing  still  at  times  with  power  on  for  five  to 
tLU  minutes,  direct-current  locomotives  would  be  con- 
sideraljly  handicapped  because  the  required  starting  re- 
sistances could  not  be  made  of  the  w^ater  rheostat 
type  and  would,  therefore,  be  large  and  heavy.  While 
it    is    possible    to    take    care    of    an    exceedingly    large 
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amount  of  heat  in  a  small  space  by  a  water  rheostat 
through  the  combined  effect  of  an  efficient  cooling  sys- 
tem, and  the  storing  of  latent  heat  through  evaporation 
of  the  water,  it  is  necessary  on  high-voltage  direct- 
current  machines  to  use  grid  resistances.  This  is  be- 
cause the  water  rheostat  cannot  be  used  to  good  advan- 
tage on  direct-current  on  account  of  the  electrolytic 
action  which  such  current  would  have  on  the  plates ; 
also,  because  the  insulation  of  water  rheostats,  for  3000 
volts  for  instance,  would  be  exceedingly  difficult  on  ac- 
count of  the  dampness  and  vapors  unavoidable  in  con- 
nection with  a  water  rheostat.  The  use  of  a  water  rheo- 
stat with  high-voltage  direct-current  where  it  has  to  be 
directly  in  the  line  circuit  would  also  necessitate  putting 
the  rheostat  on  the  ground  side,  and,  therefore,  all  field 
windings  of  the  motors,  all  switches,  etc.,  on  the  high- 
voltage  side.  The  use  of  grids  for  the  rheostat  is,  on  the 
other  hand,  indesirable  on  account  of  space  and  weight 
requirements.  It  is  very  doubtful  whether  the  grids  re- 
quired for  a  direct-current  locomotive  for  service  like 
that  of  the  Norfolk  &  Western  could  all  be  installed 
inside  of  the  present  cab.  For  these  reasons,  the  mar- 
gin in  cost  in  favor  of  a  direct-current  locomotive  would 
probably  be  very  small  in  such  cases,  and  with  regard 
to  weight  there  may  not  be  very  much  difference  be- 
tween the  two  types. 

Since  it  has  been  shown  that  the  phase  converter 
locomotive  has  certain  marked  merits  for  heavy  freight 
work  in  general,  and  particularly  for  such  work  on 
mountain  grades,  while,  on  the  other  hand,  it  has  practi- 
cally no  undesirable  features  for  such  work,  its  super- 
iority for  this  case  in  the  present  state  of  the  art  may  be 
assumed. 

PASSENGER  AND   LIGHT   FREIGHT   SERVICE 

The  next  question  is  as  to  whether  the  phase  con- 
verter locomotive  can  be  used  to  good  advantage  for 
lighter  freight  work.  "Lighter  freight  work"  means  in 
this  connectioB  cases  where  the  power  requirements  per 
locomotive  are  such  that  it  is  possible  to  build  within 
the  space  adjacent  to  four  driving  axles  either  single- 
phase  commutator  motors  or  induction  motors  of  suf- 
ficient capacity  to  do  the  required  work.  With  this  as- 
sumption and  the  conditions  otherwise  prevailing  in 
light  freight  work,  it  will  be  found  that  the  advantages 
enumerated  under  the  first  three  headings  practically 
disappear.  The  same  is  true  with  regard  to  a  number 
of  minor  points  mentioned  in  favor  of  the  phase  con- 
verter locomotive.     In  other  words,  it  is  rather  hard  to 


draw  a  general  conclusion  in  favor  of  one  or  the  other 
type  of  locomotive  for  this  kind  of  work  at  the  present 
time.  h\  individual  cases  either  type  of  locomotive  may 
prove  superior  for  level  track.  Wherever  high  grades 
are  encountered  there  is  always  the  advantage  of  easy 
regenerative  braking  in  favor  of  the  phase  converter 
locomotiv'e. 

The  above  remarks  regarding  light  freight  engines 
apply  also  to  most  passenger  locomotives.  In  addition, 
Jiowevcr,  it  is  evident  that  the  limited  number  of  oper- 
ating speeds  possible  with  the  phase  converter  locomo- 
tive may  represent  quite  a  considerable  handicap  in  pas- 
senger service.  This  is,  at  least,  the  general  opinion  of 
most  railway  men  in  this  country  and  throughout  most 
of  Euro])e.  On  the  other  hand,  in  Italy  passenger  service 
has  been  carried  on  very  successfully  for  years  with 
induction  motor-driven  locomotives  having  two  to  four 
operating  speeds  only,  and  it  does  not  seem  altogether 
unlikely  that  jihase  converter  locomotives  will  be  used 
iv  this  country  for  passenger  work  in  the  near  future, 
especially  where  regenerative  control  is  of  advantage,  or 
where  more  powerful  passenger  locomotives  are  re- 
quired than  can  be  built  economically  at  the  time  with 
commutator  motors. 

CONCLUSION 

The  above  discussion  has  made  mention  of  only  such 
points  as  are  important  enough  to  influence  the  choice 
between  the  various  types  of  locomotives  to  any  extent. 
There  are  quite  a  number  of  minor  advantages  and  dis- 
advantages inherent  to  the  various  tyjies  of  locomo- 
tives; as  an  example  it  is  often  difficult  with  certain 
tyi)es  of  locomotives  to  design  the  brush-holders  of  com- 
mutator motors,  which  are  located  all  around  the  com- 
mutator, so  as  to  secure  proper  accessibility  for  inspec- 
tion, renewal  and  repair,  a  difficulty  which  is  not  en- 
countered to  the  same  degree  in  connection  with  induc- 
tion motors. 

In  conclusion,  it  may  be  stated  that  while  the  phase 
converter  locomotive  is  probably  destined  to  play  a 
very  important  part  in  solving  the  electrification  prob- 
lem of  trunk  lines,  it  is  not  to  be  expected  that  it  will 
su]>ersede  the  existing  types  of  electrical  driving  sys- 
tems completely.  In  single-phase  electrifications,  the 
single-phase  comnuitator  motor  will  probably  be  used  to 
a  large  extent  for  most  small  locomotives  of  all  kinds, 
for  the  large  majority  of  passenger  locomotives,  and 
particularly  for  motor  car  service,  unless  it  is  super- 
seded in  some  of  this  work  bv  the  rectifier  locomotive. 


Recent  Developments  in  Air  Brakes 


H.  C.  Donaldson 
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Westinghouse  Air  Brake  Company 


AS  TRANSPORTATION  is  one  of  the  greatest 
civilizing  influences,  anything  that  improves 
transportation,  facihtates  or  increases  either  its 
efficiency  or  its  intensity,  is  of  great  vakie  to  the  coun- 
try. Therefore,  any  appa- 
ratus which  accompHshes 
these  results  to  a  large  de- 
gree should  receive  due 
recognition  as  an  important 
factor  in  the  progress  of 
world  development. 

The  following  brief  an- 
alysis of  some  of  the  more 
recent  developments  by  the 
Westinghouse  A  i  r  Brake 
Company  is  intended  to 
furnish   a   general   concep- 
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tion  of  how  tliis  progress  is  being  attained: — • 

VARIABLE  LOAD  BRAKE  FOR  PASSENGER  CARS 

Among  the  recent  developments  in  the  air  brake  art 
is  the  variable  load  brake  for  passenger  cars.  It  has 
been  developed  principally  for  use  on  subway  and  ele- 
vated rapid  transit  systems,  as  in  this  class  of  service 
the  demand  for  such  a  device  is  felt  most  keenly.  In 
service  of  this  kind  trains  are  operated  with  as  close 
headway  as  is  possible  with  safety.  This  headway  is 
determined  by  the  ability  to  stop  a  fully  loaded  train 
from  maximum  speed  with  an  emergency  application 
of  the  brake,  and  the  block  signals  are  spaced  upon  this 
basis. 

Up  to  the  present  time,  the  braking  ratio,  i.  e.,  ratio 
of  braking  efYect  to  car  weight,  has  been  based  on  the 
weight  of  the  car  only  and  thus,  when  the  car  was  fully 
loaded,  the  braking  ratio  was  considerably  reduced. 
Obviously,  it  was  necessary  to  use  the  light  weight  of 
the  car  as  the  basis  for  establishing  the  braking  ratio, 
as  sliding  of  wheels  and  rough  handling  of  trains  would 
result,  when  the  car  was  empty,  if  the  loaded  weight 
were  used  as  the  basis.  Thus,  even  with  the  most 
efficient  form  of  brake  obtainable,  previous  to  this  time, 
the  distance  traveled  in  making  a  stop  when  the  car  was 
loaded  was  increased  in  proportion  to  the  increase  of 
the  total  weight  due  to  the  load.  This  may  seem  like  an 
insignificant  amount  of  increase  in  length  of  stop,  and 
would  be  for  a  Pullman  sleeping  car  weighing  i6o  coo 
lbs.  carrying  only  35  passengers.  Some  of  the  mod- 
ern subway  cars,  however,  weigh  only  85  000  lbs.  empty 
and  carry  a  maximum  of  260  passengers ;  or  the 
ratio  of  the  empty  weight  to  the  loaded  is  as  85  is  to 
approximately  120.  Thus,  if  the  empty  car  could  be 
stopped  from  its  maximum  speed  by  an  emergency  ap- 
plication in  600  feet,  the  loaded  car  would  require  847 


feet  to  make  the  stop,  and  the  signals  would  have  to  be 
placed  on  the  basis  of  the  847  foot  stop,  so  that  the 
trains  would  be  kept  at  least  847  feet  apart. 

It  is  evident  that,  if  the  loaded  car  could  be  made  to 
stop  in  the  same  distance  as  the  empty  car,  the  trains 
could  be  kept  at  a  minimum  distance  of  600  feet  apart. 
1  his  alone  would  increase  the  capacity  of  the  road 
41  percent ;  in  other  words,  it  would  increase  the  num- 
ber of  trains  that  could  be  hauled  over  a  given  length 
of  track  41  percent.  It  is  this  very  feat,  as  well 
as  others,  that  the  variable  load  brake  for  passenger 
cars  accomplishes.  Incidentally,  in  accomplishing  the 
above,  the  variable  load  passenger  brake  equipment  pro- 
duces a  uniform  retarding  efifect  on  all  vehicles  of  a 
train,  no  matter  how  unequally  they  may  be  loaded. 
That  is,  no  drawbar  strains  are  set  up  in  stopping,  as  all 
the  cars  in  a  train  tend  to  stop  in  the  same  distance,  all 
of  which  adds  smoothness  to  the  stop.  In  fact,  with  the 
electro-pneumatic  brake  which  is  employed  with  the 
variable  load  brake  equipment,  practically  no  skill  is  re- 
quired in  stopping  a  train  of  any  possible  length  with 
perfect  smoothness. 

The  electro-pneumatic  brake  not  only  makes  possible 
the  smooth  handling  of  trains,  but  also  permits  a  much 
more  rapid  rate  of  brake  application.  With  an  eight-car 
train,  equipped  with  purely  penumatic  brakes,  it  is  dan- 
gerous to  set  up  retardation  at  the  front  end  at  a  greater 
rate  than  3.5  percent  per  second,  for  the  reason  that  the 
time  involved  for  transmission  of  the  application  penu- 
matically  is  such  that  the  difference  between  the  retarda- 
tion at  the  front  and  rear  cars  of  the  train  would  pro- 
duce such  severe  shocks  as  to  result  in  damage  to  car 
equipment  and  injury  to  passengers.  With  the  electro- 
penumatic  brake  it  is  possible  to  apply  braking  force  ten 
times  as  rapidly  with  safety.  On  account  of  the  absence 
of  shocks  with  the  electro-penumatic  brake,  it  is  also 
possible  to  use  a  much  higher  maximum  braking  ratio 
than  is  permissible  with -the  purely  pneumatic  brake. 
Shocks  tend  towards  wheel  sliding,  and  where  shocks 
do  not  occur  it  is  possible  to  use  with  safety  a  maximum 
retardation  almost  equal  to  the  holding  power  of  the  rail. 

Now  as  to  the  manner  in  which  this  variation  in 
braking  power  for  the  empty  and  loaded  cars  is  accom- 
plished. The  brake  cylinder  is  of  suitable  fixed  diam- 
eter and  stroke  to  produce  the  desired  braking  efifect  on 
a  fully  loaded  car  with  50  lbs.  cylinder  pressure.  The 
auxiliary  reservoir  is  made  up  of  five  compartments, 
the  total  volume  of  which  is  such  as  to  produce  50  lbs. 
cylinder  pressure  with  a  20  lb.  reduction  from  an  initial 
70  lb.  brake  pipe  pressure.  The  five-compartment  aux- 
iliary reservoir  is  arranged  so  that,  by  combinations  of 
the  various  compartments,  nine  different  volumes  are 
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obtained,  which  will  produce,  with  the  20  lb.  brake  pipe  were  made,  the  fully  loaded  car  would  have  reached  its 

reduction,  l)rake  cylinder  pressures  of  34  lbs.  for  the  nia.Kiinum  pressure  when  the  reduction  had  amounted  to 

empty  car,  and  in  steps  of  2  lbs.  each  additional   for  20  lbs.,   while  the  empty   car  brake  cylinder  pressure 

various  degrees  of  load  that  may  be  carried  by  the  car.  w  ould  continue  to  rise  until  the  brake  pipe  reduction  had 


The  maximum  cylinder  pressures   for  service   and 
emergency  ajiplications,  respectively,  are  controlled  by 

two  autom.'itically  .-uljusted  limiting  valves.  The  service 
limiting  valve  limits  the  cylinder  jircssurc,  with  the 
empty  or  jiartly  loaded  car,  to  that  obtainable  with  a  20 
lb.  brake  i)ii)e  reduction.  With  the  full\-  loaded  car,  the 
20  lb.  reduction  produces  equalization  between  the  aux- 
iliary reservoir  and  the  iirake  cylinder,  and  consequently 
a  further  reduction  will  have  no  effect  on  the  brake  cyl- 


reached  the  point  of  equalization  on  the  empty  car,  and 
the  much-desired  uniformity  of  braking  ratio  would  be 
destroyed. 

It  is  therefore  not  only  necessary  to  vary  the  volume 
of  the  auxiliary  reservoir  for  the  various  degrees  of 
load  which  give  uniform  braking  ratio  for  the  lighter 
brake  pipe  reductions,  as  well  as  for  the  20  lb.  brake 
pipe  reduction,  but  it  is  also  necessary  to  limit  by  some 
;uuomalic  means  the  maximum  service  brake  cvlinder 


inder  pressure.     With  the  empty  or  partially  loaded  car,      pressure  to  that  obtained  with  a  20  lb.  brrike  jiipe  reduc- 
however,  the  auxiliary  reservoir  volume  is  calculated  to     tion,  even  though  a  heavier  reduction  than  that  be  made. 


FIG.  I  — V.VRI.MII.K  I.O.M)  IIRAKE  TOR  P.SSSKXGKR  C.\R 


produce  the  full  service  braking  power  with  a  20  lb. 
brake  pipe  reduction,  which,  as  stated  above,  produces 
anywhere  from  34  to  48  lbs.,  according  to  the  load  in 
the  car,  50  lbs.  being  the  pressure  for  the  fully  loaded 
car,  and  in  the  case  of  the  empty  or  partially  loaded  car, 
the  auxiliary  reservoir  does  not  equalize  with  the  brake 
cylinder  with  the  20  lb.  brake  pipe  reduction.  There- 
fore, if  there  were  no  means  for  preventing  a  further 
increase  of  brake  cylinder  pressure,  a  further  reduction 
in  brake  pijte  pressure  would  raise  the  brake  cylin<ler 
pressure  to  a  point  of  e([ualization.  Thus,  if  a  fully 
loaded  car  and  an  empty  one  were  hauled  in  the  same 
train  and  a  br.ike  pi|)e  reduction  of  more  than  20  lbs. 


.\s  the  permissible  emergency  brake  cylinder  pres- 
sure is  higher  than  the  maximum  service  brake  cylinder 
pressure,  and  also  since  the  source  of  supply  for  the 
brake  cylinder  in  emergency  is  the  main  reservoir,  the 
air  for  emergency  a])plication  passes  through  a  dilTerent 
automatically  adjusted  limiting  valve  from  that  limiting 
the  service  application.  The  tiiaxiiiiitiii  pressure  in 
emergency  is  all  that  has  to  be  considered,  and  as  the 
source  of  supj^ly  is  the  main  reservoir,  the  volume  of  the 
auxiliary  reservoir  at  the  time  the  emergency  apjjlica- 
tion  is  made  has  no  eltect  on  the  lirake  cylinder  pres- 
sure. The  limiting  valve  simply  controls  the  maximum 
cylinder  [Pressure  according  to  the  load  in  the  car. 
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The  actuating  mechanism  for  adjusting  automati- 
cally the  emergency  and  service  brake  cylinder  pressure 
limiting  valves,  and  the  various  combinations  of  aux- 
iliary reservoir  compartments,  consists  of  an  arrange- 
ment for  measuring  the  changes  in  distance  between  the 
spring  plank  of  the  car  truck  and  the  car  body  and,  by 
means  of  a  system  of  levers  and  rods,  the  variations  in 
this  distance  cause  corresponding  changes  in  the  adjust- 
ment of  the  limiting  valves  and  the  combination  of  aux- 
iliary reservoir  compartments. 

It  is  obvious  that  changes  in  load  carried  are  not  the 
only  elements  that  can  change  the  distance  between 
spring  plank  and  car  body.  Imperfections  in  roadbed, 
rail  joints,  etc.,  cause  constant  changing  of  the  distance 
in  question  while  the  car  is  in  motion.  This  would  cause 
a  constant  changing  of  the  braking  ratio  were  not  some 
means  provided  to  take  care  of  such  a  situation.  The 
desirability  of  an  automatic  empty  and  load  passenger 
brake  has  long  been  felt  and  many  schemes  have  been 
worked  out,  but,  until  the  present  method  was  devised, 
they  have  all  had  the  fault  of  constantly  changing  the 
braking  ratio,  due  to  track  imperfections  above  referred 
to,  and  for  this  reason  have  proved  impracticable. 


EMPTY  AND  LO.AD   BRAKE   FOR   FREIGHT   CARS 

The  empty  and  load  brake  for  freight  cars,  while  not 
so  recent  in  development  as  the  variable  load  brake  for 
passenger  cars,  is  not  less  important,  as  the  field  for  its 
use  is  much  greater.  While  in  the  last  analysis  the 
oljject  of  the  empty  and  load  brake  for  freight  cars  is 
the  same  as  for  passenger  cars,  viz.,  to  provide  adequate 
braking  power  for  loaded  cars,  the  controlling  reason 
for  developing  the  variable  load  brake  for  passenger 
cars,  which  was  to  shorten  stops,  was  not  the  controlling 
reason  for  developing  the  empty  and  load  brake  for 
freight  cars,  as  will  be  seen  from  the  following. 

It  has  been  found  in  practice  that  the  braking  ratio 
of  a  freight  car  should  be  60  percent  of  the  light  weight 
of  the  car  for  service  braking  and,  as  previously  pointed 
out,  with  the  form  of  brake  in  general  use,  the  braking 
ratio  varies  inversely  as  the  load.  Freight  cars  are  now 
designed  to  carry  a  load  equal  to  about  three  times  their 
own  weight.  It  will  be  seen,  therefore,  that  if  the  brake 
shoe  pressure  remains  the  same  for  the  loaded  car  as  for 
the  emjjty  car,  the  braking  ratio  for  the  loaded  car  has 
been  reduced  to  about  one-fourth  of  what  it  is  for  the 
empty  car,  or  to  about  15  percent.     It  will  be  plain  from 
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In  designing  the  present  system,  it  was  considered  this  that  with  loads  and  empties  mixed  in  the  same  train, 
that,  as  the  load  could  not  materially  change  while  the  the  rates  of  retardation  will  be  so  different  as  to  cause 
car  is  in  motion,  if  some  arrangement  could  be  worked  shocks,  break-in-twos  and  damage  to  lading.  The  ques- 
out  that  could  lock  the  actuating  mechanism  while  the  tion  may  be  raised,  "Why  not  nitake  the  trains  up  of  all 
car  is  in  motion  and  unlock  it  so  that  the  braking  power  loads  or  all  empties  and  avoid  the  dift'erence  in  braking 
could  be  adjusted  at  the  time  the  load  could  be  changed,  ratio?"  The  answer  is  that,  with  fully  loaded  trains  of 
Tiz.,  when  the  car  is  stopped,  the  problem  would  be  modern  cars,  the  braking  power  is  not  sufficient  to  pre- 
solved.  A  convenient  method  of  accomplishing  this  end  vent  the  speed  of  the  train  increasing  on  a  grade  of 
was  found  in  interlocking  with  the  doors  of  the  car.  The  more  tlian  1.25  percent,  to  say  nothing  of  being  sufficient 
doors  are  closed  when  the  car  is  in  motion,  and,  of  to  stop  it.  It  is  therefore  necessary  under  many  grade 
course,  no  change  in  load  can  take  place  while  the  car  is  conditions  to  add  empty  cars  to  the  train  in  order  to 
running.  Therefore,  locking  the  actuating  mechanism  obtain  sufficient  braking  power  to  handle  the  train 
while  the  doors  are  closed  and  unlocking  it  while  they  safely  down  the  grade.  This,  however,  is  only  a  "make- 
are  open  very  satisfactorily  disposed  of  the  difficulty.  shift"  and  does  not  get  at  the  root  of  the   difficulty. 

It  will  now  be  seen  that  the  variable  load  passenger  \\  hen  it  is  considered  that  there  are  grades  in  main  line 
brake  automatically  adjusts  the  braking  force  according  service  in  this  countrv  of  3  and  4  percent,  and  that  in 
to  the  load  carried,  and  that  this  adjustment  is  made  order  to  handle  loaded  cars  safely  down  a  grade  of  3.5 
only  while  the  doors  of  the  car  are  open  and,  therefore,  percent  an  equal  number  of  empty  cars  will  have  to  be 
while  the  car  is  at  rest,  l-lach  car  will  have  the  same  re-  handled  in  the  train  for  the  sole  purpose  of  furnishing 
tarding  eft'ect,  regardless  of  whether  fully  loaded,  partly  braking  power,  it  will  be  apparent  that  a  means  of  in- 
loaded,  or  empty  ;  also  regardless  of  whether  the  brake  creasing  the  Ijraking  power  on  loaded  cars  is  imperative, 
application  be  light  service,  full  service,  or  emergency.  The  empty  and  load  brake  produces  the  desired  60  per- 
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cent  braking  ratio  on  the  empty  car  and  40  percent  on  the 
loaded  car.  While  these  percentages  are  recommended 
jjractiqe,  they  arc  matters  of  foundation  brake  rigging  de- 
sign and  not  of  the  empty  and  load  brake  device  itself. 

The  operation  of  the  freight  car  empty  and  load 
brake  is  not  automatic  in  the  same  sense  as  the  variable 
load  passenger  equipment;  i.  e.,  in  order  to  get  the  bene- 
fit of  the  load  Ijrake,  it  must  be  cut  in  by  hand,  but  it 
will  automatically  change  to  empty  position  if  the  car  is 
allowed  to  remain  on  a  siding  for  unloading  or  for  suf- 
ficient time  for  the  brake  pipe  pressure  to  leak  away,  or 
for  any  other  reason  the  brake  pipe  pressure  is  reduced 
to  15  lbs.  There  is  a  manually  operated  locking  lever, 
however,  which  will  prevent  the  returning  to  empty 
position  if  desired.  This  equipment  differs  in  function 
from  the  passenger  variable  load  brake  in  that  it  jno- 
duces  only  two  braking  ratios — that  for  the  empty  car 
and  that  for  the  loaded  car,  there  being  no  variation  for 
partly  loaded  cars.  There  is  no  necessity  for  such  re- 
finement, however,  in  the  freight  car  brake. 


sure  is  reached  communication  between  the  load  brake 
cylinder  and  the  empty  car  brake  cylinder  is  opened,  and 
the  pressure  in  the  empty  car  brake  cylinder  equalizes 
with  the  load  brake  cylinder  at  12  lbs.  While  this  is  a 
lower  pressure,  it  is  spread  over  the  area  of  two  cylin- 
ders and  thus  the  shoe  pressure  is  not  changed.  The 
load  brake  cylinder  hollow  piston  rod  is  provided  with  a 
clutch,  so  that  the  first  movement  of  the  piston  grips  the 
notched  ])Ushrod  in  its  extended  position,  so  that  the 
least  possible  volume  of  cylinder  is  added  when  the  load 
cylinder  is  connected  with  the  "empty."  If  the  brake 
pil)e  reduction  continues  the  pressure  is  built  up  in  both 
brake  cylinders  at  the  same  rate,  as  they  remain  con- 
nected together  until  the  release  of  the  brake  is  made. 

With  this  arrangement  of  load  cylinder,  which  does 
not  come  into  play  until  the  slack  has  been  taken  out  of 
the  rigging  and  the  shoes  are  against  the  wheels,  a  great 
saving  is  ciTectcd  in  the  amount  of  compressed  air  re- 
(|uired  to  sup])l\'  the  |)ressure  for  the  necessary  cylinder 
area  to  ]iroduce  the  desired  braking  ratio.     In  fact,  75 
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The  empty  and  load  device  consists  of  a  load  brake 
cylinder  and  a  coml)ined  cylinder  for  empty  car  brakes 
and  four-compartment  reservoir,  to  which  are  attached 
a  triple  valve  and  a  change-over  valve.  There  is  also  an 
operating  mechanism  which  consists  of  levers  and  rods, 
by  means  of  which  the  brake  is  manually  placed  in  load 
or  empty  position  and  locked  in  either  of  these,  as  de- 
sired. With  the  o])erating  mechanism  in  "empty  car" 
position,  the  functions  of  the  brake  are  similar  to  the 
standard  freight  car  brake  now  in  general  use  with  "K" 
type  triple  valves  (M.C.B.  Standard).  With  the  oper- 
ating mechanism  in  "loaded  car"  position,  the  brake  ap- 
plication is  made  somewhat  diflfercntly.  The  first  7  lbs. 
brake  pipe  reduction  produces  24  lb.  cylinder  pressure 
in  the  empty  car  brake  cylinder.  This  takes  up  the  slack 
in  the  brake  rigging  and  forces  the  shoes  against  the 
wheels.  It  also  pulls  out  the  notched  pushrod  of  the 
load  brake  cylinder,  which  is  attached  to  the  brake  rig- 
ging at  the  proper  point  to  give  the  increased  braking 
ratio  at  the  desired  time.    When  the  24  lb.  cylinder  pres- 


percent  more  air  would  be  requiretl  to  apply  a  brake  of 
equal  power  if  only  one  cylinder  of  the  necessary  area 
were  used. 

UNIVERSAL    EQUIPMENT 

I'roni  what  has  been  said  in  regard  to  the  variable 
load  brake  for  ])assenger  cars  and  the  empty  and  load 
brake  for  freight  cars,  it  will  be  seen  that  the  limiting 
factor  in  what  can  be  done  in  the  way  of  applying  brak- 
ing power  to  cars  in  both  freight  and  passenger  service 
is  the  slack  action  which  produces  shocks  when  different 
rates  of  retardation  are  set  on  different  vehicles  in  a 
train,  and  this  may  be  caused  by  too  rapid  an  increase 
of  braking  power  at  the  head  end  of  a  train  or  by  un- 
e<iual  braking  ratio  on  the  various  vehicles  in  the  train. 
With  the  increase  in  the  weight  of  passenger  cars  from 
the  light  wooden  cars  of  a  few  years  ago  to  the  heavy 
steel  cars  of  today,  it  was  fomul  that  the  brakes,  which 
very  efficiently  controlled  the  wooden  cars  and  would 
sto])  them  in  a  distance  of  looo  feet  from  a  speed  of  60 
miles  per  hour  with  an  emergency  application,  required 
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1600  feet  to  stop  the  heavy  steel  cars  from  the  same 
speed.  Thus,  unless  something  radical  was  done  to  im- 
prove the  braking  facilities  for  the  present-day  cars,  our 
trains  could  not  be  operated  at  high  speed  with  the  same 
degree  of  safety  as  in  years  gone  by.  To  meet  this  situ- 
ation, a  higher  emergency  braking  power  was  necessary, 
as  well  as  increased  rapidity  of  application.  On  account 
of  the  severe  shocks  when  applying  the  emergency  brake 
at  low  speed,  however,  simply  improving  the  pneumatic 
brake  to  the  e.xtent  of  increasing  braking  power  and 
quicker  attainment  of  the  maximum,  produced  shocks  at 
low  speed  almost  equal  to  a  collision,  due  to  the  time 
interval  for  transmission  of  the  application  from  the 
front  to  the  rear  of  the  train.  As  the  higher  braking 
power  and  quicker  attainment  of  maximum  could  not  be 
abandoned  if  the  shorter  stop  was  to  be  obtained,  the 
only  alternative  was  to  eliminate  the  shock-producing 
element,  viz..  time  interval  for  transmission  of  the  brake 
application  from  the  front  to  the  rear  of  the  train.  This 
was  done  by  electric  control. 

The  electro-pneumatic  universal  brake  equipment  was 
therefore  developed  for  steam  road  service.  It  has  been 
in  successful  operation  on  electric  railways  for  ten  years, 
but  until  recently  had  not  been  developed  for  steam  rail- 
ways. Now  the  desired  end  has  been  accomplished.  A 
series  of  tests  of  the  equipment  on  a  train  of  12  modern 
steel  cars,  the  total  weight  of  train  being  2000000  lbs., 
proved  entirely  successful.  The  train  was  stopped  from 
60  miles  per  hour  in  1000  feet  and  no  shocks  were  ex- 
perienced  from   emergency   applications   at   low   speed. 


These  tests  were  made  by  the  Pennsylvania  Railroad 
Company  and  lasted  for  a  period  of  over  three  months, 
after  which  the  Pennsylvania  Railroad  adopted  the 
universal  equipment  as  standard  for  their  passenger 
trains.  Up  to  this  time  more  than  1000  cars  have  been 
equipped  with  the  penumatic  portion  of  the  equip- 
ment, and  the  installation  is  continuing  as  rapidly  as 
possible.  One  train  of  the  complete  electro-pneumatic 
ec]uipment  has  been  operating  for  almost  a  year  between 
New  York  and  Philadelphia. 

CONCLUSION 

\\'hile  having  mentioned  only  three  of  the  many  im- 
provements made  to  further  and  increase  our  trans- 
portation facilities,  they  are  sufficient  to  show  to  what 
magnitude  improvements  can  be  made  in  this  direction. 
The  motive  power  side  of  the  question,  of  course,  is  one 
of  great  importance,  but  improvements  on  this  side  can 
only  be  made  with  safety  when  the  controlling  end  per- 
mits. That  is  to  say,  means  must  be  available  to  control 
the  motive  power  before  its  use  can  be  tolerated.  Par- 
ticularly is  this  true  where  speed  is  the  important  consid- 
eration, since  doubling  the  speed,  other  things  being 
equal,  means  increasing  the  destructive  energy  four- 
fold. A  consideration  of  these  facts  will  show  to  what 
extent  we  are  all  indebted  to  train  controlling  mechan- 
isms for  the  wonderful  transportation  facilities  which 
we  possess.  Without  such  progress  in  this  field,  our 
present  railroad  facilities,  both  steam  and  electric,  would 
never  h?,\e  been  developed. 


Regeneration  With  the  Phase  Converter 

Locomotive 


S.  G.  NoTT.\GE 

Railway  Engineering  Dept., 
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THE  ELECTRIFICATION  of  steam  railroads  will 
undoubtedly  be  chiefly  concerned  for  some  time  to 
come  with  the  mountain  divisions  of  main  lines, 
and  the  ability  of  the  electric  locomotives  to  regenerate 

on  the  down  grades  will  be 
an  important  factor  in  the 
clioice  of  system.  It  is  pos- 
sible to  obtain  regenerative 
braking  with  most  systems 
at  ]>resent  in  use,  but  from 
the  point  of  view  of  sim- 
plicity and  reliability  the 
^  . ,     locomotive  driven  by  poly- 

S,,  ^^^^^     ])hase   induction    motors    is 

flkj^H^fa-^^^^l  superior  to  all  others. 

^^1^^^^^^  ^^^^1  a    phase 

converter    to    the    locomo- 

S.   G.   NoTT.^CE  ^-  .  11.1  I 

tive  to  enable  three-phase 
motors  to  be  used  with  a  single  trolley  does  not  in  any 
way  afifect  the  automatic  feature  of  regenerative  braking 
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of  a  three-phase  induction  motor.  With  direct-current 
series  motors  it  is  not  possible  to  obtain  such  simplicity, 
it  being  always  necessary  to  arrange  some  special  means 
of  exciting  the  field  to  obtain  satisfactory  regeneration. 
The  most  practical  means  of  exciting  the  field  is  to  use  a 
separate  exciter  motor-generator  set,  thereby  eliminating 
the  advantage  of  simplicity  claimed  by  the  direct-current 
system.  It  should  also  be  noted  that  the  change  to  re- 
generation necessitates  that  the  motorman  should  make 
.some  change  with  his  controller. 

The  direct-current  shunt  motor  regenerates  just  as 
simply  as  the  polyphase  induction  motor,  but  it  is  hardly 
worth  considering,  as  shunt  motors  have  been  used  only 
to  a  very  limited  extent  for  traction  purposes.  This  is, 
in  part,  due  to  the  fact  that  the  shunt  motor  is  very  sen- 
sitive to  fluctuations  in  the  line  voltage  ;  that  is  to  say, 
small  change  in  the  line  voltage  will  cause  a  very  large 
change  in  the  armature  current  until  the  speed  of  the 
motor  has  changed  sufirciently  to  take  care  of  the 
changed  line  voltage.     This  shunt  characteristic  should 
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not  be  confounded  with  the  so-called  shunt  character- 
istic of  the  induction  motor,  the  load  on  which  is  practi- 
cally indej)endcnt  of  fluctuations  of  the  line  voltage,  but 
is  dependent  on  fluctuations  of  the  frequency  of  supply. 
This,  however,  is  not  liable  to  vary  to  anything  like  the 
same  extent  as  the  direct-current  line  voltage. 

This  property  of  the  load   on   an   induction   motor 
fluctuating  with  fluctuations  of  the  supply  frequency  has 


FIG.    I — KEGENERATBD    power    l.O.MllNG    KIIEUST.MS    IN    THE    1NT.\I<E 
C.^NAL  OUTSIDE  OF  THE  POWER  HOUSE 

The  resistance  is  varied  by  raising  or  lowering  the  cones  in 
the  water. 

been  made  use  of  In  a  jiniilcd  extent  on  the  Italian  State 
Railways  to  reduce  the  peak  loads  on  the  power  house. 
By  making  the  speed  regulation  of  the  prime  movers 
very  jxjor,  the  frec|uency  would  fall  when  a  heav'y  load 
canie  on  the  system  due  to  starling  a  train,  and  the  other 
trains  on  the  system  would  slow  down,  thereby  mo- 
mentarily reducing  their  load,  or  possil)ly  regenerating 
power  to  help  start  the  other  train. 

From  the  above  short  description  it  is  easily  seen 
that  the  regenerative  system  using  induction  motors  is 
by  far  the  sim[)lest.  As  mentioned  before,  the  addition 
of  the  phase  converter  does  not  affect  the  automatic  re- 
generation of  the  induction  motor,  but  it  is  found  advis- 
able to  alter  the  transformer  cotniectinn  to  counteract 
the  voltage  unbalancing,  due  to  the  internal  distortion  in 
the  phase  converter.*  This  changeover  in  the  trans- 
former connection  is  made  by  the  motorman.t  Failure 
of  the  motorman  to  make  these  changes  does  not,  how- 
ever, affect  the  regeneration,  but  leads  only  to  unbal- 
ancing of  the  currents  in  the  three  phases. 

One  of  the  efl'ects  of  regeneration  is  to  lower  the 
power-factor  at  the  power  house.  This  is  due  to  the 
fact  tliat  the  induction  motor  when  regenerating  retpiires 
as  nnich  magnetizing  current  from  the  line  as  when  mo- 
toring, and  due  to  the  fact  that  one  locomotive  going 
down  grade  lielps  another  somewhere  else,  the  kilowatt 
load  on  the  power  hou.se  is  smaller  than  if  there  were  no 
regeneration  ;  the  wattless  load  being  the  same,  it  fol- 
lows that  the  power-factor  is  less.  However,  the  result- 
ant k.v.a.  load  on  the  power  hou.se  is  less,  so  that  less 
total  generator  capacity  is  required.  This  question  of 
power-factor  is  not  a  very  big  consideration,  and  in  the 


future  it  is  most  probable  that  some  means  of  power- 
factor  correction  will  be  aj)plied  on  the  locomotive  itself, 
so  the  question  of  power-factor  will  be  of  minor  im- 
portance. 

With  all  systems  of  regeneration  it  is  necessary  to 
provide  some  means  at  the  power  house  of  absorbing  the 
surplus  regenerative  energy  in  case  more  power  is  being 
regenerated  by  trains  going  down  grade  than  is  being 
used  by  those  coming  tip.  If  this  is  not  done  there  will 
be  no  way  of  controlling  the  speed  of  the  generators  in 
the  power  house.  'l"o  absorb  this  surplus  energy  it  is 
usual  to  su])i)ly  water  rheostats  at  the  power  house. 
These  are  actuated  in  Italy  l)y  the  rise  in  speed  of  the 
prime  movers,  and  on  the  Norfolk  cS:  Western  Railway 
by  reversed  power  relays. 

As  to  the  actual  amouiu  of  regenerated  energy  it 
has  been  found  in  Italy  that  on  a  two  percent  down 
grade  a  train  will  regenerate  from  47  to  54  percent  of 
the  energy  absorlieil  in  goini;  \\\i.X  Data  on  the  load  in 
the  ]jower  house. before  and  after  regeneration  was  em- 
ployed shows  that  it  results  in  a  net  gain  of  14  ])ercent 
of  the  generated  energy,  'i'his  in  Italy,  where  coal  is 
e.\])ensive,  means  (|uitc  a  large  saving  in  o])erating  ex- 
penses. 

'{"he  use  of  regenerati\e  braking  on  the  Italian  State 
Railways  has  resulted  in  a  large  increase  in  the  life  of 
brake  shoes.  Without  regenerative  braking  the  average 
life  of  brake  shoe  was  approximately  4600  miles,  which 
was  increased  to  14200  miles  with  regenerative  braking. 
In  this  connection  it  should  lie  borne  in  mind  that,  with 


,.,.  This  IS  explained  by  Mr.  B.  G.  Lamnie  in  an  article  on 
'bingle-Pliase  Loads  from  Polyphase  Systems"  in  the  Journal 
for  June,  1915. 

tSee  article  by  Mr.  T.  C.  Wiirts  in  this  issue,  p.  473. 
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regenerative  braking,  the  risk  of  loose  tires  and  broketi 
flanges  due  to  overjieated  wheels  is  elimin.ated.  This  is 
likely  to  l)e  quite  an  important  i)oint  in  luirope,  where 
many  of  the  freight  cars  do  not  have  the  continuous  air 
brake,  so  the  locomotive  has  to  hold  back  the  entire 
train.  .Actual  operating  data  is  not  yet  available  on  the 
Norfolk  iK:  Western  locomotives,  l)ut  there  is  every  rea- 
son to  believe  that  the  results  are  fully  as  good  as  those 
obtained  in  Italy,  while  the  smoother  and  easier  opera- 
tion obtained  by  the  regenerative  braking  make  this  one 
of  the  valuable  features  of  the  electrical  operation. 


JFroni  an  article  011  "Some  Results  of  Electrification  on 
the  Italian  State  Railways,  by  Mr.  G.  Ponlecorvo.  in  the  Elec- 
tric Raihi'ay  Joiinuil  of  March  6.  1015. 


Operation  of  the  N.  &  W.  Electric  Locomotives 


T.   C.   WURTS 


IN  COMMENTING  on  the  facility  with  which  his 
men  were  (juahfied  for  the  electric  locomotives,  the 
road  foreman  of  engines  of  the  Pocahontas  division 
of  the  Norfolk  &  Western  Railway  used  the  following 
words : — "My  men  have  had  no  more  tronble  learning 
to  oijerate  the  electric  locomotives  than  they  had  in 
breaking  in  on  the  Mallet  type  of  steam  locomotives 
when  these  were  first  introduced  on  this  division  of  the 
railroad" — a  practical  operating  man's  tribute  to  the 
simplicity  and  flexibility  of  the  control  system  in  use  on 
the  electric  locomotives. 

As  has  been  brought  out  in  other  articles  on  this 
electrification,  the  chief  duty  of  the  electric  locomotives 
is  the  transportation  of  coal  trains  eastward  over  the 
Elkhorn  grade  and  their  delivery  to  the  classification 
yards  at  Bluefield.  The  standard  tonnage  of  these  trains 
is  3230  tons,  and  the  number  of  cars  varies  from  25  to 


the  phase  converter,  .•md  another  group  for  closing  the 
main  motor  primary  circuits  and  for  short-circuiting 
the  rotor  windings  after  the  resistance  in  the  rheostats 
has  been  reduced  to  the  minimum.  The  only  other  ap- 
paratus in  the  motor  circuits  is  the  usual  electro-pneu- 
matically  operated  reverser  and  another  unit  of  the 
rc\'erscr  type  used  for  changing  the  motor  connections 
for  14  and  28  miles  per  hour. 

With  the  above  layout  of  the  control  apparatus  in 
mind  and  a  moment's  consideration  of  the  master  con- 
trciller  in  the  engineman's  cab,  the  possibilities  of  this 
simple  and  etTective  control  will  at  once  be  appreciated. 
The  master  controller  has  three  levers,  i.  e.,  a  reverse 
lever,  a  speed  lever  and  an  accelerating  lever.  The  first 
two  mentioned  are  set  before  the  locomotive  is  started 
in  accordance  W'ith  the  recpiired  speed  and  the  direction 
of  motion.     The  accelerating  lever  governs  the  operation 


l-IG.    1 — A   KULL  TONN.'XCE  TRAIN   ON   A   TWO   PKRCENT   GRADE 


45,  according  to  their  capacity.  These  trains  are  taken 
up  the  grade  with  two  electric  locomotives  at  a  speed  of 
14  miles  per  hour.  .At  the  eastern  end  of  Elkhorn  tun- 
nel the  pusher  may  be  cut  off  and  the  train  may  be  taken 
as  far  as  Graham  at  28  miles  per  hour  with  a  single  loco- 
motive. At  Graham  it  is  necessary  to  supply  a  pusher 
to  deliver  the  train  to  Bluefield.  The  westward  move- 
ment of  empties  and  the  transportation  of  "west  loads" 
is  also  handled  by  the  electric  engines,  these  w^estbound 
trains  being  held  by  means  of  regenerative  braking  down 
the  Elkhorn  grade.  A  speed  of  14  miles  per  hour  is 
maintained  down  this  grade  for  the  reason  that  it  is 
not  safe  to  drop  down  the  grade  at  a  greater  speed  due 
to  the  sharp  curves. 

The  entire  control  of  the  locomotives  centers  about 
the  liquid  rheostats,  which  are  so  governed  that  the 
engineman  can  bring  his  locomotive  up  to  speed  with 
any  desired  number  of  steps,  using  any  number  and  size 
of  increment  required.  There  is,  therefore,  none  of  the 
usual  switch  sequence  so  connnon  with  the  or(linar\-  con- 
trol systems.  The  only  electro-pneiunatic  switches  used 
are  a  group  of  transformer  tap  switches  for  handling 


of  the  li(|uid  rheostats  according  to  the  rate  of  accelera- 
tion desired. 

In  addition  to  the  master  controller,  an  auxiliary 
controller  is  provided  in  which  are  located  levers  for  the 
control  of  the  pantagraphs,  phase  converter,  etc.,  and  a 
set  of  levers  by  means  of  which  the  load  on  each  truck 
may  be  governed  independently.  This  independent  con- 
trol is  provided  so  that  any  possible  discrepancies  of  load 
between  the  various  trucks  may  be  corrected,  and  it  is 
also  most  advantageous  in  the  event  of  one  truck  slip- 
])ing  its  wheels.  When  this  happens  the  torcpie  on  this 
truck  can  be  reduced  till  the  wheels  again  catch  the  rail, 
and  then  can  be  gradually  brought  back  to  full  torque 
without  in  .any  way  reducing  the  torque  on  the  other 
drivers. 

Let  us  consider  for  a  moment  the  process  bv  which 
the  locomotive  witii  its  train  is  brought  u]_)  to  speed. 
The  engineman  having  set  his  reverse  and  speed  levers 
(the  latter  set  at  14  m.p.h.  when  starting),  moves  his 
accelerating  lever  from  off  to  either  lower  or  hold  posi- 
tion. This  brings  the  electrolyte  in  the  rheostats  to  what 
is  known  as  the  flush-lczrl  point  where  the  motor  pri- 
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mary  switches  are  closed  and  the  liquid  just  touches  the 
rheostat  plates,  thus  closing  the  secondary  circuits  on 
maximum  resistance.  Should  greater  flexibility  be  de- 
sired when  starting  a  long  train  of  empties  or  in  making 
switching  movements,  a  half-way  notch  is  provided  be- 
tween off  and  14  m.p.h.  on  the  speed  drum,  at  which 
point  only  half  the  motors  are  brought  into  action. 
With  this  half-way  step  the  slack  can  be  pulled  out  more 
slowly,  and  after  it  has  been  ])ulled  out  the  speed  lever 
is  thrown  to  the  full  /./  m.p.h.  jjosition  and  the  accelera- 
tion of  the  train  is  commenced.  From  this  point  up  to 
the  point  where  the  resistance  is  short-circuited  the  oper- 
ation of  the  rheostats  is  entirely  within  the  control  of 
the  cngineman.  By  repeated  notching  from  hold  to  raise 
with   his   accelerating   lever,   similar   to   the   manner   in 


FIG.    2 — VIEW   OF    ENGINKEH  S    POSITION,    NORFOLK    &    WESTERN 
LOCOMOTIVES 

which  graduated  reductions  would  be  made  with  the 
automatic  air  brake,  he  gradually  reduces  the  resistance 
in  the  rheostats  and  thus  brings  his  train  up  to  speed  at 
any  desired  rate  of  acceleration.  Limit  relays  are  pro- 
vided so  that  it  is  imjiossible  for  the  engineman  to  over- 
load his  motors.  In  slowing  down  a  train  the  engineman 
can  either  notch  from  hold  to  lozver  until  flush-level  has 
again  been  reached  and  tiun  go  to  off,  or  in  case  he  de- 
sires to  make  a  (juick  stop  he  can  go  immediately  to  the 
off  position.  In  cases  of  emergency  he  can  shut  oii 
power  instantly  by  throwing  the  speed  lever  to  the  off 
position. 

For  the  economic  operation  of  a  locomotive  of  this 
type  a  few  considerations  are  necessary  other  than  the 


flexibility  of  speed  possible  to  obtain.  It  is,  of  course, 
understood  that  with  an  induction  motor  the  most 
efficient  S])eed  for  operation  is  that  near  synchronism. 
For  this  reason  the  principle  of  "get  off  your  water 
rheostat  as  soon  as  possible,"  adopted  by  the  operators 
of  the  Norfolk  &  Western,  is  a  very  imjiortant  one. 

l'"arly   in  the  operation  of  the  Norfolk  &  Western 
locomotives  it  was  found  that  in  spite  of  the  powerful 


FIG.   3 — MASTER   CONTROLLER 

There  are  tliree  running  positions,  off,  14  m.p.h.  and  2S  m.p.h., 
with  ail  intermediate  position  between  each  two. 

whistles  provided  it  was  impossible  to  depend  on  them 
for  signals  from  the  front  to  the  rear  locomotive,  due  to 
the  fact  that  a  train  might  be  standing  on  two  curves 
with  hills  intervening.  As  a  result  of  this  condition, 
(luring  the  lirst  few  weeks  of  operation  a  locomotive 
might  stand  up  against  a  train  for  several  minutes  devel- 
ojjing  full  torcjue  and  not  turn  a  wheel.  The  energy  that 
might  have  been  expended  in  lifting  "tonnage"  up  the 
grade  was  dissipated  in  the  rheostats.  About  the  time 
the  front  engineman  had  given  up  hope  of  starting  the 
train  and  had  sluit  otT,  the  rear  engineman  would  open 
up  and  stand  against  the  train  awhile.  And  so  it  went 
till,  more  through  good  fortune  than  good  management, 
both  the   front   and   rear  locomotives  were  pulling  to- 
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FIG.   4 — .\U.\ILI.\RY    CONTROL    SWITCHES 

Beginning  at  the  left  the  first  switch  controls  the  jianta- 
graph  trolley ;  the  second  is  the  starting  switch  of  tlic  phase 
converter;  the  third  is  the  control  cutout  for  the  rear  half;  the 
fourth  is  the  hahmcing  switch  for  the  phase  converter,  and  the 
last  four  are  for  the  individual  control  of  the  liquid  rheostats. 

gelher,  in  which  case  the  train  started  away  and  accel- 
erated like  a  street  car. 

This  kind  of  operation  was  manifestly  very  inef- 
ficient and  some  system  had  to  be  devised  so  that  a 
signal  could  lie  gotten  from  the  front  to  the  rear  of  the 
train.  After  several  methods  had  been  tried,  all  more 
or  less  unsuccessful,  a  very  simple  and  effective  plaa 
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was  hit  upon.  When  the  front  enginenian  is  ready  to 
move  lie  pulls  the  slack  out  of  the  first  five  or  six  cars 
of  the  train  and  lets  theip  roll  back.  The  rear  engine- 
man  feels  this  jar  on  the  train  and,  releasing  his  inde- 
pendent brake,  applies  power  to  his  motor.  The  front 
engineman,  after  he  has  given  this  signal,  waits  about 
ten  seconds,  to  give  the  rear  man  a  chance  to  release 
his  brakes,  and  then  he,  too,  applies  power  to  his  motors. 
With  this  system  of  giving  signals  the  heavy  double  loco- 
motive trains  on  the  Elkhorn  grade  are  usually  started 
on  the  first  attempt  and  a  speed  of  14  miles  per  hour 
attained  in  two  minutes,  whereas  previously  fifteen  or 
twenty  minutes  of  delay  and  useless  power  loss  were 
often  experienced  in  trying  to  start  a  train.  If,  after 
fifteen  or  twenty  setonds,  his  train  does  not  move,  the 
front  engineman  shuts  of¥  and  lets  the  slack  drop  back 
on  the  train  again  and  the  operation  is  repeated.  The 
writer  might  also  add  that  on  one  occasion  he  watched  a 
train,  with  one  Mallet  steam  engine  in  front  and  two  in 
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the   rear,   spend   exactly   thirty-four   minutes   trying   to 
make  a  start  before  actually  getting  away. 

The  next  consideration  is  that  of  stopping  on  a  grade 
with  a  two-engine  train.  Obviously,  for  the  same  rea- 
sons given  above,  with  two  engines  forty-five  car  lengths 
apart,  it  is  impossible  for  the  rear  engineman  to  tell 
when  the  front  man  is  preparing  to  stop.  When  making 
a  stop  the  front  engineman  starts  notching  with  his 
accelerating  lever  between  hold  and  loivcr  so  that  the 
speed  of  the  front  locomotive  will  be  reduced  gradually. 
If  this  is  not  done,  before  the  rear  engineman  realizes 
what  is  occurring,  he  will  have  run  up  all  the  slack  on 
the  front  end  of  the  train,  causing  a  severe  shock  to  the 
leading  locomotive.  The  front  engineman,  by  reducing 
his  speed  gradually,  diminishes  this  shock  to  a  minimum. 
The  rear  engineman  often  does  not  realize  that  the  stop 
is  being  made  until  his  limit  relays  start  to  lower  his 
rheostats.    It  is  at  this  point  that  one  of  the  chief  values 


of  these  limit  relays  is  found.  Should  the  rear  engine- 
man  for  any  reason  fail  to  shut  off,  the  relays  are  so  ar- 
ranged that  they  automatically  lower  the  rheostats,  thus 
increasing  the  secondary  resistance  of  the  motors  and 
preventing  them  from  being  overloaded.  When  he 
realizes  from  the  fact  that  the  load  on  his  locomotive  has 
increased,  as  indicated  1)y  the  meters,  that  a  stop  is  being 
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FIG.  6 SCHEMATIC   DIAGR.\M   OF   MAIN   CIRCUITS   OF   ONE   UNIT   OF 

NORFOLK   &  WESTERN  LOCOMOTIVE 

made,  the  rear  engineman  in  turn  starts  notching  be- 
tween hold  and  lower  until  he  reaches  the  flush-level 
position.  At  this  point  he  holds  power  on  his  motors 
until  the  train  has  come  to  a  dead  stop  and  then  makes  a 
30  or  40  pound  application  with  the  independent  brake. 
After  he  has  made  this  application  power  is  shut  ofif. 
The  net  result  is  that  when  the  train  has  been  brought 
to  a  stop  all  the  slack  has  been  pushed  up  and  the  rear 
locomotive  is  holding  the  train  with  its  independent 
brake,  so  that  the  front  engineman  can  have  the  airbrake 
train-line  charged  and  be  ready  to  start  at  any  time. 
When  starting  again  he  simply  pulls  out  five  or  six  cars 
of  slack  and  drops  them  back  as  a  signal  to  go  ahead,  as 
has  already  been  described. 

As  mentioned  above,  two  locomotives  are  used  on 
trains  coming  up  the  two  percent  graiU-.     lii  tin-  l^lkhorn 


FIG.    7— PRIMARy    AND    RHEOSTAT    SHORT-CIRCUITING    SWITCH    GROUP 

tunnel  this  grade  is  reduced  to  1.5  percent.  At  the  east- 
ern end  of  the  tunnel  an  abrupt  "knuckle"  is  encoun- 
tered, the  grade  changing  almost  instantly  from  1.5  per- 
cent up  to  a  2.3  percent  down  grade.  .\t  this  point  the 
pusher  engine  is  cut  off  and  goes  back  and  the  front 
engine  takes  the  entire  train  down  this  grade  by  means 
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of  regeneration.  For  the  efficient  return  of  power  to 
the  line  it  is  best  to  lower  the  voltage  on  the  phase  con- 
verter. This  is  (lone  by  means  of  a  button  situated  on 
the  auxiliary  controller,  the  change  in  transformer  taps 
being  made  only  when  there  is  no  power  on  the  main 
motors.  I'or  this  reason  it  is  necessary  that  the  engine- 
man  shut  off  just  before  he  starts  regeneration.  This 
shut  off  was  at  first  considered  undesirable  because  of 
the  fact  that  while  the  engineman  was  shutting  off  and 
making  his  change  of  transformer  taps  the  train  gath- 
ered s])eed.  and  when  power  was  again  thrown  on  slip- 
ping of  the  wheels  resulted,  .\fter  a  study  of  this  situ- 
ation, however,  it  was  found  that  this  momentary  shut- 
ting off  was  proving  to  be  a  distinct  advantage  and  that 
the  previous  trouble  had  been  due  to  the  fact  that  the 
engineman  was  waiting  too  long  before  making  his 
change,  i.  e.,  there  was  too  much  of  the  train  over  the 
knuckle.  It  was  found  that,  with  the  standard  45  car 
train,  the  best  place  to  shut  off  and  make  the  change  was 
appro.ximately  when  nine  or  ten  cars  were  over  the 
knuckle.  The  momentary  shutting  off  in  making  the 
change  gave  the  jjusher  man  a  chance  to  bunch  up  all  the 
slack  in  the  train  on  his  side  of  the  knuckle,. with  the  re- 
sult that  when  these  cars  started  down  the  grade  their 


when  the  speed  lever  is  moved  to  this  position  one-half 
the  motors  change  from  the  14  m.p.h.  to  the  28  m.p.h. 
connection.  The  meters  for  these  motors  indicate  this 
change  by  going  to  zero  and  again  showing  a  reading. 
As  soon  as  the  engineman  notes  by  his  meters  that  half 
his  motors  have  changed  over  he  pulls  his  speed  lever  to 
the  full  2S  m.p.h.  position.  The  remaining  motors  are 
then  changed  over  and  the  locomotive  is  ready  to  accel- 
erate up  to  28  miles  per  hour.  The  accelerating  lever  is 
used  to  increase  the  speed  in  the  same  manner  as  for  the 
14  m.p.h.  acceleration.  This  method  of  changing  con- 
nections on  only  half  the  motors  at  a  time  is  provided  so 
that  ])artial  draw-bar  ])u!l  is  always  maintained  on  the 
train.  If  this  method  were  not  provided  a  complete 
sbutdlf  would  be  necessary  when  making  the  change,  re- 
sulting in  loss  of  speed. 

.As  previously  mentioned,  the  locomotives,  after 
having  delivered  their  trains  of  loads  to  Bluefield,  return 
westward  taking  back  empties  or  west-bound  loads,  as 
the  occasion  requires.  Trains  of  from  eighty  to  one 
hundred  empties  are  regularly  handled  in  a  single  train 
by  one  locomotive.  These  trains  are  made  up  at  Blue- 
field  and  taken  westward  as  far  as  Bluestone  at  28  miles 
])er  hour.     PVom  Bluestone  to  the  east  end  of  Elkhorn 


FIG.   8 — .VRR.V.XGKMENT  OF   .\PPAR.\TUS    IX    C.\B 


load  was  only  thrown  on  the  front  U.-comotive  a  car  at  a 
time,  and  there  was  no  severe  running  in  of  the  slack 
and  the  resultant  severe  shock  at  the  caboose  which  had 
been  common  with  steam  operation  when  the  trains  were 
taken  down  the  grade  with  the  air  brakes.  At  the  end 
of  a  little  over  a  mile  the  grade  again  changes  from  2.3 
percent  down  to  0.4  percent.  At  this  point  the  engine- 
man  again  shuts  ofif  and  makes  his  transformer  switch 
change  preparatory  to  pulling  again.  This  time  he 
makes  his  change  when  about  six  cars  have  gone  through 
the  di|).  In  this  way  he  can  pull  the  slack  out  of  the 
train  a  car  at  a  time  and  again  the  shock  to  the  train  is 
done  away  with,  the  train  always  maintaining  a  speed  of 
approximately  14  miles  per  hour. 

The  train  now  proceeds  with  one  locomotive  up  a 
grade  that  averages  0.23  percent,  the  maximum  being 
0.4  percent,  and,  provided  the  road  conditions  warrant, 
the  train  is  brought  up  to  28  miles  per  hour.  This 
change  is  made  with  the  sjiecd  lever  of  the  master  con- 
troller as  follows : — 

.\  half-way  notch  is  provided  on  the  master  con- 
troller speed  lever  between  14  m.p.h.  and  28  m.p.h.,  and 


tunnel  there  is  an  equivalent  i.i  percent  grade.  At  Blue- 
stone,  therefore,  the  speed  is  reduced  to  14  miles  per 
hour.  Upon  going  over  the  knuckle  at  Ruth  the  engine- 
man  must  again  make  his  change  of  transformer  taps 
preparatory  to  regenerating  down  the  long  grade  to  the 
coal  field.  This  tinie  he  waits  until  his  train  is  balanced 
on  the  kinickle  before  making  his  change.  The  slack 
in  the  train  then  runs  n|)  smoothly  and  the  train  may 
safely  be  taken  down  the  grade  at  a  uniform  speed  of 
approximately  14  miles  ])er  hour  and  the  cars  delivered 
at  the  various  coal  operations  for  which  they  are  des- 
tined. 

These  locomotives  have  been  in  service  for  the  past 
eight  months.  from  the  start  tiieir  success  was  as- 
sured. They  have  now  replaced  all  the  Mallet  type 
steam  locomotives  in  the  electrified  section,  and  the  fact 
that  they  are  hauling  coal  at  a  rate  that  is  registering  a 
new  record  for  the  railroad,  with  less  congestion,  using 
one-tiiird  the  number  of  locomotives  that  would  be  re- 
c|uired  for  steam  operation,  emphasizes  the  wisdom  and 
forethought  of  the  engineers  who  jilanned  and  develo]ied 
this  electritication. 


A  Remarkable  Exhibit  of  Railway  Apparatus 

Ar    TilE    PANAMA-PACIFIC    INTERNATIONAL    EXPOSITION 

M.   C.  TuRPIN 

Pulilicity  Dept. 
Westiiighousc  Electric  &  Mfg.  Comiiany 


IT    IS    peculiarly    htting    that    the   Aiuencan    Electric      iiig  out  some  interesting  exhibit  or  in  some  other  way 
Railway  Association  should  hold  its  thirty-fourth  an-      performing  a  necessary  service, 
nimi  ,-r„T„o,i(-;r>,T  ^Mtin;,-,  ti-io  inric, .Jt^Ki o  i-,r,ii,i,ic  rif  tiiA  J,,  addltlou  to  vlewlug  portlous  of  thc  woudcrful  net- 

work  of  hydro-electric  high-tension  systems  that  have 
done  so  much  to  promote  the  progress  of  the  West,  the 
railway  man  will  be  more  than  interested  in  seeing  first 
hand  in  a  concentrated  space  the  multiplicity  of  applica- 
Pacific  International  Expo-  tions  of  electricity  to  the  transportation  industry.  Ap- 
sition.      The   Exposition   is      [jreciating  the  importance  of  this  great  field  of  activity, 

Tind  its  influence  on  the  progress  of  civilization,  the  Ex- 
position officials  assigned  to  it  one  of  the  eight  main 
buildings  forming  the  quadrangle  surrounding  the  Court 
of  the  Universe,  which  is  known  as  the  Palace  of  Trans- 
jiortation.  This  immense  building  is  devoted  to  all 
the  quiet  and  unobtrusive  phases  of  the  industry,  from  the  ox-drawn  caravan  to 
manner  in  which  it  oper-  the  aeroplane.  Here  one  may  see  an  old  locomotive 
ates,  is  the  extensive  use  of  built  by  Collis  P.  Huntington,  and  the  j)rairie  schooner, 
electricity,  .\side  from  the  a  pioneer  that  played  an  important  part  in  the  westward 
spectacular  lighting  effects,  which  are  truly  wonderful,  march  of  civilization,  and  the  "one-lunger"  single-seated 
the  silent,  efficient  electric  motor  is  present  in  many  automobile,  and  so  on  to  the  modern  oil-burning  Mallet 
thousands  of  units  all  over  thegrounds,  aiding  in  work-      steam   locomotive,   the   twelve-cylinder   automobile   and 


'T    IS    peculiarly    htting    that    the   American    Electric 
Railway  Association  should  hold  its  thirty-fourth  an- 
nual convention  within  the  hospitable  bounds  of  the 
City  of  the  dolden  Gate,  a  city  to  which  the  eyes  of  the 

world  are  directed  this  year 
on  account  of  its  successful 
handling    of    the    Panama- 


of  intense  interest  to  all 
electrical  people,  because 
one  of  its  most  striking  fea- 
tures, perhaps  not  so  obvi- 
ous to  the  lavman  owing  to 


M.   C.    TuRPIN 


I'lC,    I — THIC    SCXKK.V    l.',.\KlJi;.\S 

Sliowing  Palace  of  Horticulture  in  the  rear  and  Tower  of  Jewels  on  tlie  riglil. 
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the  passenger-carrying  aeroplane,  up  to  the  dominating 
feature  of  the  entire  Palace,  the  Grand  Prize  Pennsyl- 
vania electric  4000  horse-power,  direct-current,  650  volt 
locomotive  exhibited  by  the  Westinghouse  Electric  & 
Mfg.  Company.  This  locomotive  is  mounted  12  feet 
above  the  floor  on  a  turntable  which  is  rotated  by  means 
of  an  induction  motor.  Situated  at  the  intersection  of 
the  two  main  aisles  of  this  most  interesting  building,  it 
immediately  attracts  the  attention  of  the  millions  who 
are  visiting  the  Exposition.  It  is  the  most  powerful 
locomotive  used  in  passenger  traffic  in  the  world  and  the 
first  side  rod  gearless  electric  locomotive  ever  placed  in 
service.  A  number  of  placards  placed  around  the  base 
give  the  visitor  the  following  information: — 

"This  locomotive  is  one  of  thirty-three  used  by  the  Penn- 
sylvania Railroad  to  haul  passenger  trains  in  and  out  of  the 
New  York  terminal,  and  has  been  in  this  service  for  four  and 
one-half  years.     Since  being  in  service  these  locomotives  have 


two  27.5  kw,  600  volt,  light-weight  railway  motors.  This 
set  is  in  actual  operation,  so  that  the  visitor  can  observe 
its  action  in  detail,  as  when  mounted  on  a  car.  The 
"Baby"  motors  used  in  this  group  are  of  particular  inter- 
est because  of  their  dimensions,  being  the  first  motors 
aesigned  for  use  with  24  inch  car  wheels,  weighing  only 
1680  pounds.  This  system  of  control  was  awarded  the 
gold  medal  by  the  Jury  of  Awards. 

In  order  to  demonstrate  the  high  contact  pressure 
jiresent  in  the  switches  used  in  HL  and  other  forms  of 
V\'estinghouse  unit  switch  control,  one  of  them  is  shown 
with  the  side  cut  away  to  give  a  clear  view  of  the  work- 
ing ])arts,  mounted  on  a  rack  and  arranged  with  weights 
attached  to  the  moving  jaws  of  the  switch.  The  spring 
pressure  against  which  the  switch  closes  and  which  is 
available  for  opening  the  switch  is  65  pounds,  and  in 
addition    to    closing    against    this    spring    ])ressure    the 


ttUlllDFJ  I 


lie.    2 — COURT    OF    THE    UNIVERSE 

Showing  Arch  of  the  Rising  Sun  to  the  left  and  column  designating  the   Spirit  of  Descending  Night  in  the  foreground. 


made  a  wonderful  record,  as  the  following  figures  will  show  : — 
Miles  traveled,  3974746;  total  engine  failures,  45;  total  minute 
detentions  to  trains,  271  ;  miles  per  engine,  88328;  miles  per  de- 
tention, 14  667  ;  train  movements  during  this  period,  465  558  : 
average  per  detention,  I3<k);  a  lunnber  of  the  locomotives  have 
run  from  90000  to  II2  0<1()  miles  before  being  sent  to  the  shop 
for  repairs.  Twelve  million  people  arc  transported  annually  by 
these  engines  over  the  electrified  terminal,  which  extends  from 
Harrison,  N.  J.,  to  the  Pennsylvania  Station,  Xew  York 
City." 

On  account  of  its  design,  construction  and  wonderful 
operating  record,  the  Jury  of  Awards  decided  that  the 
locomotive  was  entitled  to  the  Grand  Prize,  the  highest 
award  within  the  gift  of  the  Jury. 

The  HL  control  system  for  electric  railway  service 
is  shown  by  means  of  a  control  group  mounted  on  a  rack 
with  all  ]>arts  of  the  equipment  in  full  view,  connected  to 


switch  exerts  an  actual  contact  pressure  of  more  than 
1 10  pounds. 

I'ullowing  out  the  policy  of  assisting  operating  com- 
panies in  solving  the  transportation  problem  in  con- 
gested centers,  the  Westinghouse  Company  has  devel- 
oped what  is  known  as  the  "PK"  control,  consisting  of  a 
pneumatically-operated  head  connecting  with  the  shaft 
of  the  ordinary  drum-type  car  controller.  This  head  is 
operated  froin  a  small  master  controller,  and  operates 
the  (Innii  through  its  successive  steps.  To  illustrate  the 
ap])lication  of  this  type,  two  racks,  each  containing  two 
motors  and  an  etiuipment  applied  to  a  drum  controller 
are  shown,  the  two  being  connected  together  through  a 
train  line  so  they  can  be  operated  from  one  master  con- 
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UulkT.     Each  rack  represents  one  car,  and  by  operating  high  as  7000  volts.     A  switch  group  for  the  control  of 

the  master  controller  the  action  of  the  control  and  motor  this  motor  is  also  shown.     It  is  similar  in  design  to  the 

cquiiiments  in  a  two-car  train  can  be  observed  in  detail,  standard  type  except  that  it  has  two  breaks  in  series  and 

Load  for  the  motors  in  this  outfit  is  provided  by  prony  is  insulated  for  the  hi^h  voltage. 


FIG.  3 — ONE  or   THE  APPROACHES   TO   THE   PALACE   Of   FINE   ARTS 


The   greatest    recent   innovation   in    electric    railway 
practice  is  the  i)ressed  steel  frame  motor,  this  form  of 


brakes.     The  motors  used  in  this  demonstration  are  the 
No.  532-B  and  632-B,  each  having  a  rating  of  36  kw,  at 
600  volts.  This  system  of  control  was  awarded  the  silver     construction  having  already  been  very  successfully  used 
medal.  l)v  the  W'estinghouse  Company  in  industrial  motors  of 

l)oth  direct  and  alternating  types.     .\  motor  i>l  this  type 
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FIG.    4 — PORTION    or    RAILWAY    EXHIBIT 

Sliowing  pressed  steel  motor  evenly  balanced  on  trunnion,  and 
standard  1500  volt  direct-current  motor. 

.\round  the  base  of  the  big  locomotive  are  a  numlier 

of  railwa}'  motors.     .Among  these  may  be  mentioned  a 

100  hp  motor  designed  for  operation  on  5000  volts  direct 

current.    This  is  an  experimental  motor  which  has  been 

successfully    operated    on    direct-current    potentials    as 


FIG.   5 — THE  GRAND  PRIZE  PENNSYLVANIA   ELECTRIC  LOCOMOTIVE 
MOUNTED  ON   TUR.VTABLK   IN  THE   PALACE  OF  TRANSPORTATION* 

known  as  No.  330,  with  a  rating  of  36  kw,  at  600  volts, 
weighing  21 10  pounds,  is  exhibited.  Of  particular  in- 
terest also  is  the  No.  412-A  single-phase,  25  cycle,  220 
horse-power  motor  used  in  the  Philadelphia-Paoli  elec- 
trification of  the  Pennsylvania  Railroad.    The  Westing- 


*See  also  Fig.  i,  p.  19,  of  the  Journal  for  June,  1915. 
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liousc  Company  received  the  gold  medal  on  its  line  of 
alternating  and  direct-current  railway  motors  and  on  its 
generators. 

In  addition  to  the  motors  there  is  a  complete  line  of 
parts  entering  into  the  makeup  of  the  motors,  such  as 
brush-holders,  armature  coils,  field  coils  (sections  of 
which  are  cut  out  showing  the  strap  winding  used), 
housings  cut  open  to  show  the  waste  and  oil  gauging 
chambers,  field  coil  springs  and  shields  to  prevent  chaf- 
ing, pressed  steel  gear  cases,  as  well  as  insulating  cloths, 
varnishes  and  compounds  used  in  the  manufacture  of 
this  and  other  apparatus. 

Following  out  the  educational  idea  of  the  Exposition, 
there  is  a  very  practical  exhibit  of  armature  winding, 
consisting  of  a  No.  306  armature,  partially  wound,  per- 
mitting an  inspection  to  be  made  of  the  method  of  wind- 
ing, insulating  details,  building  up  of  the  coil  supports, 
the  extra  insulating  .strips  whenever  the  coils  cross  to 


The  R.  D.  Nuttall  Company,  one  of  the  Westing- 
house  interests,  has  a  number  of  gears  and  trolleys  on 
exhibition.  A  variety  of  forms  of  wheel  trolleys  and 
iTolley  harjjs  are  shown,  together  with  current  collectors 
of  the  roller  and  pantagraph  types.  Among  these  are  a 
double  shoe  pantagraph  trolley  for  direct-current  service 
that  has  successfully  collected  in  service  as  high  as  2000 
amperes ;  also  a  complete  single  shoe  pneumatically- 
operated  pantagraph  trolley  for  single-phase  service. 
The  operation  of  this  last  type,  of  which  93  are  in  use  on 
the  Philadelpbia-Paoli  electrification  of  the  Pennsyl- 
vania Railroad,  is  effected  by  a  special  compressed  air 
Ime  and  gives  an  excellent  idea  of  its  construction  and 
action  when  in  service,  incidentally  never  failing  to  draw 
a  crowd  to  the  exhibit.  There  is  shown  an  old  gear  rim 
ttiken  from  a  locomotive  on  the  Grand  Trunk  Railway 
that  was  removed  after  a  run  of  213000  locomotive 
miles,  and  a  pinion  removed  after  having  had  a  run  of 


FIG,  O — TOWEK  IN    THE  COURT   OV  .\BUND.\NCE 

One  of  the  most  attractive  courts  at  the  E.xposition. 

eliminate  chaling,  the  U-shaped  pieces  where  coil  leaves 
the  slot,  and  various  other  insulating  details  employed 
in  the  production  of  Westinghouse  motors. 

Located  near  the  office  of  the  Director  of  Exhibits, 
i  i.  W.  Coije,  is  a  rack  containing  various  samples  of  line 
Material  for  street  railway  and  interurban  lines.  This 
exhibit  includes  section  breakers  and  crossings,  trolley 
frogs,  suspensions  of  various  types,  catenary  hangers, 
strain  insulators  and  other  line  material  parts.  A  case 
of  insulating  material,  including  insulated  and  treated 
cloths,  varnishes  and  difTerent  forms  of  Bakelite  nii- 
carta,  gives  the  visitor  a  good  idea  of  the  best  and  most 
approved  forms  of  insulation  used  in  the  manufacture 
of  modern  electrical  apparatus,  and  was  awarded  the 
gotfl  medal. 


FIG.   7 — THE  COLUMN   OF   PROGRESS 

Inilirating  the  westward  march  of  civiHzation.     The  Tower  of 
Jewels  appears  in  the  l)ackgrouMd. 

'33  500  locomotive  miles.  Among  others  are  a  gear 
with  a  heat-treated  rim  used  on  the  270  ton  Norfolk  & 
Western  electric  locomotive,  and  two  flexible  type  gears, 
one  assembled  com])lete,  and  one  disassembled  to  permit 
inspection  of  the  parts.  A  total  of  186  of  these  gears 
arc  used  on  the  Philadelphia-Paoli  electrification.  The 
gears  exhibited  received  the  silver  medal,  the  highest 
award  in  its  class. 

In  addition  to  the  elaborate  display  of  electric  rail- 
way apparatus  already  mentioned,  there  is  included  in 
the  exhibit  apparatus  for  electric  vehicles,  mine  haulage, 
gasoline  automobiles,  and  power  plant  apparatus  for 
supplying  energy  to  transjiorlation  companies.  .'\n  II 
horse-power,  250  volt  mine  locomotive  motor  for  18  inch 
gauge  track  is  shown,  as  are  also  motors  and  controllers 
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for  electric  vehicles.  One  of  the  latter  type  motors  has 
a  quarter  section  cut  out  through  the  field  and  armature 
to  the  shaft,  revealing  the  construction  used  in  the  wind- 
ings and  core.  For  use  in  the  public  garage  for  charging 
purposes  there  is  a  12.5  kw,  125  volt  motor-generator  set 
with  auto-starter,  and  a  sectional  switchboard  with  a  full 
complement  of  instruments  and  circuit-breakers,  capable 
of  charging  ten  cars  at  one  time.  For  use  in  the  private 
garage  there  is  a  mercury  vapor  rectifier  shown  in  oper- 
ation, the  greenish-blue  light  of  which  never  fails  to  at- 
tract the  attention  of  the  passerby.  The  method  of 
charging  the  small  three-cell  6  volt  battery  used  for 
lighting  and  ignition  on  gasoline  cars  is  demonstrated  by 
a  mechanical  vibrating  rectifier. 

In  the  power  transmission  section  a  three-panel  black 
marine  finished  marble  switchboard,  consisting  of  two 
generator  panels  and  one  feeder  panel,  has  a  full  com- 
plement of  accessories.  Undoubtedly  the  most  striking 
feature  of  this  portion  of  the  exhibit  is  a  single-pole  300 
ampere  oil  circuit-breaker  designed  for  operation  on  a 
165  000  volt  circuit,  said  to  be  the  largest  circuit-breaker 
ever  built.  A  portion  of  the  tank  is  cut  away,  permit- 
ting one  to  enter  and  inspect  the  lining  and  contacts  and 
general  construction.  In  fact,  the  tank  is  of  sufficient 
size  to  accommodate  several  iieople  at  one  time.  The 
jury  awarded  the  Westinghouse  Company  the  medal  of 
honor,  the  highest  award  on  switchboards  and  their 
accessories. 

Under  the  large  mural  jjainting  that  shows  the  course 
of  the  Lincoln  Highway  across  the  continent  is  a  very 
interesting  working  exhibit  of  the  automobile  starting, 
lighting  and  ignition  systems.  In  addition  to  the  engines 
having  the  systems  installed  thereon,  a  complete  line  of 


arresters  dissipating  the  charges  created.  Of  particular 
interest  to  the  operating  engineer  is  the  model  of  the 
])0rtable  sub-station,  built  to  scale,  showing  the  trans- 
former, rotary  converter,  switchboard  lightning  ar- 
resters and  disconnecting  switches.  This  model  affords 
an  excellent  idea  of  the  appearance  and  arrangement  of 
a|)paratus  of  this  most  important  accessory  to  the  mod- 


riG.   8 — POWER   PL-VXT    EQUIP.MENT 

A  portiiiii  of  tile  exhibit  in  tlie  Palace  of  Machinery,  showing 

motors,    generators,    ignition    coils    and    accessories    is 
shown. 

Railway  lightning  arresters  are  not  only  exhibited 
but  are  demonstrated  for  the  benefit  of  those  interested 
under  what  are  practically  service  conditions.  This  is 
accomplished  by  means  of  a  transformer  delivering 
13000  volts  to  a  set  of  spark  gaps  and  condensers,  the 


FIG.   9 — OFFICE   AND    HEADQUARTERS,    WESTINGHOUSE    ELECTRIC 
EXHIBIT,  PALACE  OF  TRANSPORTATION 

crn  railway  system.  This  entire  display  was  awarded 
the  gold  medal  for  the  most  attractive  and  complete  e.x- 
hiliit  in  the  Transportation  Palace. 

In  addition  to  the  elaborate  display  just  described, 
the  Westinghouse  Company  also  has  an  extensive  ex- 
hibit in  the  Machinery  Palace,  much  of  which  is  of  value 
to  those  interested  in  the  electric  railway  field.  Beginning 
with  the  power  generating  end,  the  visitor  finds  much  to 
.ittract  his  attention  in  the  way  of  steam  turbines  and 
power  plant  accessories.  A  Le  Blanc  jet  condenser, 
with  a  capacity  of  10250  lbs.  of 
water  per  hour  at  80  degrees  tem- 
perature, 28  inch  vacuum,  or  8900 
lbs.  of  water  at  70  degrees,  27  inch 
vacuum,  is  shown  with  a  portion  of 
the  casing  of  the  turbine  rotor  re- 
moved to  permit  inspection.  This 
condenser  was  awarded  the  medal 
iif  honor  liy  the  Jury  of  Awards. 

A  Westinghouse-Parsons  turbo- 
generator having  a  rating  of  625 
l<.v.a.,  three-phase,  60  cycles,  2400 
\-olts,  3600  r.p.m.,  with  a  direct- 
connected  15  kw.  125  volt  exciter, 
is  shown  with  difl^erent  portions  of 
the  casing  of  lioth  turliine  and  gen- 
erator removed,  so  as  to  permit  a 
ready  ins])ection  of  the  rotor  and 
stator  blades,  bearings,  generator 
windings  and  various  other  essential  features  of  con- 
struction. .\  complete  set  of  clearlv  worded  placards 
e.K])lain  the  function  of  each  [jart,  so  that  even  the  non- 
technical visitor  obtains  a  good  idea  of  the  nature  of  tlie 
apparatus. 

A  one-kilowatt.  125  volt,  direct-current  turbo-gener- 
ator set,  for  use  where  a  small  amount  of  energy  is  de- 


turbine  and  condenser. 
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sired,  forms  an  interesting  comparison  in  lurliine  con-  An  instructive  exhiljit  is  also  made  of  a  selected  lot 

struction  with  the  larger  alternating-current  unit.  A  nf  metal  welded  by  the  arc  welding  process.  Labels  on 
model  Iniilt  to  accurate  dimensions  and  detail,  one-  these  samples  give  data  on  the  comparative  cost  of  and 
eighth  size,  of  the  steam  turbine  outfit  used  on  the  U.  S.  energy  used  by  the  different  systems  of  welding.  Among 
collier  Neptune,  with  the  reduction  gear,  gives  one  an  the  samples  are  shown  a  number  of  unusually  difiicult 
excellent  idea  of  one  of  the  latest  advances  in  marine      \velds.  indicating  the  great  possibilities  of  this  system. 

Of  further  interest  to  those  in  the  transportation 
field  are  the  Baldwin-W'estinghouse  mine  locomotives  in 
"The  Mine,"  located  in  the  Palace  of  Mines  and  Metal- 
lurgv.  which  is  one  of  the  most  instructive  exhibits  at 
the  Ex])Osition.  It  gives  one  a  clear  idea  of  the  methods 
used  and  difficulties  encountered  in  metal  and  coal  min- 


construction.  This  reduction  gear  is  of  the  floating  frame 
tvpe,  with  an  I-beam  sui)])ort,  and  is  used  for  reducing 
the  inherently  high  speed  of  the  InHiinc  to  that  suitable 
for  driving  the  projieller  of  a  ship  or  a  direct-current 
generator.  The  turbines  were  awarded  the  gold  medal. 
Motors  for  every  kind  of  power  application  are 
shown,  including  those  for  railway  repair  .shops.  Among  ing.  One  of  the  locomotives  is  of  the  trolley  reel  gath- 
the  more  important  applications  shown  are  those  of  a  ering  type  and  operates  a  train  of  loaded  coal  cars  in  the 
wheel  lathe  motor  and  magnetic  switch  controller  now  coal-mining  section,  while  the  other  is  of  the  storage 
being  widely  used  in  railway  shops,  elevator  motor  and  battery  type  and  o])erates  in  and  out  of  one  of  the  metal 
control  and  motors  for  heavy  service  similar  to  steel  mill  mine  sections.  Demonstrations  are  made  of  these  "elec- 
work,  also  those  for  reversing  planers  with  controllers,      trie  mules"  for  those  interested. 


An  Interesting  1500  Volt  Converter  Sub-Station 


O.   WoRTM.\N 


Till".  Sail  Lake  (S:  Utah  Railway  has  recently  in- 
stalled two  sub-stations  for  1500  volt  direct- 
current  railway  service,  and  in  the  near  future 
will  add  other  duplicate  equipments.  The  equipment  in 
these  sub-stations  is  of  interest,  in  that  the  switching 
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p,,-,     l—CONNKCTIOXS  ON   DIRF.CT-CURRENT   SIDE  OI-    CONVERTERS 

scheme  permits  the  use  of  any  two  of  the  three  750  volt 
converters  in  series  for  1500  volts,  leaving  the  third  as  a 
spare  unit.  The  switching  of  the  direct-current  side  of 
the  converters,  shown  in  Fig.  i,  is  accomplished  on  the 
negative  panel  and  a  special  switching  panel.  By  the 
jiropcr  operation  of  the  single-pole,  double-throw  switch 
and  the  three-pole,  double-throw  switch,  converters  / 
and  2  can  be  operated  in  series ;  or  converters  -'  and  5 ; 
or  converters  /  and  5. 

The  switching  on  the  alternating-current  side  of  the 
converters  is  done  on  the  starting  panels.  As  shown  in 
FiiT.  2.  three  single-phase  transformers  are  connected  in 
delta  on  the  primary,  and  each  of  the  transformers  is 
provided  with  three  separate  secondary  windings,  which 
are  connected  in  three  individual  deltas  to  supply  the 
converters.     By   this  scheme  the  higher  efficiency  aiid 


lower  cost  per  k.v.a.  of  the  larger  units  is  obtained  while 
still  operating  the  converters  from  separate  secondary 
circuits. 

By  this  combination  of  units  a  spare  converter  is  pro- 
vided at  one-half  the  cost  that  would  be  necessary  if  two 
units  were  connected  permanently  in  series.  The  ca- 
])acity  of  the  transformers  is  such  that  any  two  of  the 
units  can  be  operated  in  open  delta  to  supply  power  to 
any  two  of  the  converters,  so  that  a  complete  spare  outfit 
is  provided  at  minimum  expense. 

A  power- factor  meter  and  receptacles  on  the  switch- 
Ijoard  assist  in  the  proper  and  efficient  0[)eration  of  each 
converter,  and  a  four-])oint  voltmeter  receptacle  enables 
the  voltage  across  the  ground  side  converter,  or  across 
the  converters  in  series,  to  be  read.  The  switchboard 
itself  is  a  typical    1500  volt  switchboard.     The  circuit 
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KIG.  2— CONNECTIONS   ON   ALTERNATING-CURRENT   SIDE 

breaker  and  knife  switch  are  mounted  high  to  prevent 
accidental -cojitact  by  the  operator,  and  are  operated  re- 
motely from  a  handle  mounted  on  the  lower  portion  of 
the  switchboard. 


Pantagraph  Trolley  Development 


William  Schaake 

Railway  Engineerino;  Dept., 

Wcftiiigliousc  Electric  &  Mfg.  Conipr-ny 


William   Schaake 


BY  a  pantagraph  trolley,  as  the  term  is  now  gener- 
ally applied,  is  meant  a  current  collector  supported 
by  a  hinged  frame  work.  The  frame  work  con- 
sists of  four  movable  members  on  each  side,  two  upper 
and  two  lower.  The  two  upper  members  are  hinged  to- 
gether at  the  top  and  join 
the  lower  members  by  a 
hinge  joint.  The  lower  end 
of  the  lower  frame  mem- 
bers are  connected  to  par- 
allel cross  shafts  at  some 
'li stance  from  each  other. 

The  inherent  limitations 
of  the  pole  type  trolley 
made  essential  the  develop- 
ment of  a  pantagraph  type 
of  trolley  for  high-voltage 
alternating  -  current  opera- 
tion. The  operator  has  full 
control  of  a  pantagraph  trolley  from  the  cab.  Under 
ordinary  conditions  there  is  no  danger  of  the  collector 
leaving  the  trolley  wire  and  no  reversal  of  trolley  is  re- 
quired in  changing  direction  of  travel.  In  some  cases 
where  the  control  from  the  cab  is  not  in  itself  of  suf- 
ficient importance,  the  non-reversing  feature  makes  the 
pantagraph  trolley  desirable.  This  is  especially  the  case 
in  a  switching  service,  in  which  no  attention  need  be 
paid  to  the  pantagraph  type  of  trolley,  while  the  use  of  a 
pole  type  collector  would  require  an  extra  attendant. 

The  first  trolleys  of  this  type  were  for  collecting 
current  at  1 1  ooo  volts  at  speeds  of  60  miles  per  hour. 
After  numerous  experiments,  it  was  decided  that  the 
best  results  were  obtained  with  a  light  sliding  contact 
shoe  and  frame  work  having  minimum  weight  and  in- 
ertia. At  about  the  same  time  pantagraph  trolleys  with 
a  roller  contact  were  being  used  for  collecting  direct 
current.  The  excessive  weight  of  the  roller  contact  and 
frame  work  causes  decided  limitations  for  high  speed 
operation,  while  the  point  contact  and  bearings  form  de- 
cided limitations  as  regards  current  collecting  capacity. 
The  sliding  contact  is  of  almost  universal  application 
for  high  speed  or  heavy  current  conditions.  The  essen- 
tial parts  of  a  pantagraph  trolley  are : — The  contact 
shoe,  a  movable  framework,  the  operating  mechanism 
and  insulation. 

CONTACT    SHOE 

The  contact  shoe,  as  now  generally  adopted,  consists 
of  a  middle  wearing  section  having  end  horns  made 
preferably  of  aluminum  to  reduce  the  weight.  The  best 
overall  length  has  as  yet  not  been  fully  decided.  The 
New  Haven  Railroad  and  a  large  number  of  interurban 
roads  have  found  a  length  of  5  ft.  4  in.  satisfactory,  cor- 
responding to  a  length  of  renewable  portion  of   four 


feet.  This  length  was  also  recommended  by  the 
.\.E.R.A.  for  clearances  for  the  pantagraph  shoe.  (Pro- 
ceedings 1914).  A  number  of  cases  have  occurred,  how- 
ever, where  it  was  found  necessary  to  have  the  overall 
length  6  ft.  4  in.,  and  in  the  Norfolk  &  Western  loco- 
motives a  total  length  of  shoe  of  6  ft.  6  in.  has  been  used 
in  connection  with  a  nominal  height  of  trolley  wire  of 
24  feet. 

There  are  a  large  muuber  of  factors  which  determine 
the  length  of  shoe.  The  wearing  portion  must  be  long 
enough  so  that  there  will  be  little  or  no  wear  on  the 
end  horns  except  at  crossovers  and  sidings.  The  trolley 
wire  can  lie  located  on  curves  so  that  the  displacement 
from  the  center  of  track  need  not  exceed  12  inches,  with 
a  temperature  range  from  20  to  120  degrees  F.  There 
may  be  a  difference  of  one-half  inch  in  track  elevation — 
also  one  inch  difference  in  height  of  truck  springs;  thus 
giving  one  and  one-half  inch  movement  at  the  rail  which 
must  be  transmitted  to  the  pantagraph  shoe.  There  may 
be  three  inches  side  sway  each  way  from  center,  due 
to  trolley   framing  itself.     The  movement  of  one  and 


riC.   I — PAXTAGRAPH   TROLLEY   WITH   I'LEXIBLV    MOUNTED   SHOE 

one-half  inches  at  the  rail  will  amount  to   1.5   X   the 
ratio  of  height  of  trolley  wire  to  track  centers,  which 

equals  1.5   X  -^  =  7-5  inches. 

Displacement  due  to  curve  12     inches 

Displacement  due  to  side  sway    3     inches 

Displacement  due  to  springs  and  rail 

elevation     7.5  inches 

Total 22,5  inches 

This  is  about  the  worst  possible  condition  which  can 
be  obtained  with  proper  overhead  construction,  but  indi- 
cates the  desirability  of  sufficient  length  of  shoe.     The 
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shape  of  the  end  horn  should  be  such  that  the  horn  will 
easily  pass  under  siding  wires.  If  the  drop  of  the  end 
horn  is  too  abrupt  the  siding  wire  or  deflector  will  strike 
a  hard  blow  instead  of  gliding  easily  from  the  end  horn 
to  the  shoe.  The  drop  should  be  sufficient  so  that,  with 
the  shoe  tilted  to  one  side  due  to  track  elevation,  springs 
or  side  sway  there  will  be  no  tendency  to  hook  over  the 


sulintr  wire. 
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riO.  2 — RENKW.Mil.K  STEEI.   SHOE 

The  choice  of  material  for  the  contact  shoe  de])ends 
on  service  conditions.  For  high-speed  service  with  high- 
voltage  alternating-current  operation,  where  the  current 
to  be  collected  does  not  exceed  loo  amperes  in  starting 
and  50  amperes  at  maximum  speed,  a  steel  shoe  made 
of  medium  grade  sheet  steel,  one-eighth  of  an  inch  thick 
and  four  inches  wide,  will  give  very  satisfactory  results 
with  steel  or  phono-electric  trolley  wire.  Where  there 
are  no  low  bridges  a  life  of  10  000  miles  may  be  ob- 
tained. \\  ith  low  bridges  the  life  will  be  reduced,  due 
to  the  frictional  wear  produced  by  increased  pressure 
when  the  trolley  is  rapidly  depressed.  For  high-speed 
service  it  is  important  that  the  shoe  be  flexibly  sup- 
ported so  that  it  will  respond  to  minor  irregulari- 
ties in  the  trolley  which  would  otherwise  cause  sparking, 
as  the  inertia  of  the  trolley  would  not  allow  the  whole 
framing  to  resj)ond.  Less  wear  of  the  trolley  wire  will 
also  be  shown.  Fig.  i  shows  a  steel  shoe  flexibly  sup- 
ported. Nominally  the  shoe  is  central  and  the  springs 
are  in  a  vertical  position.  The  friction  between  the 
shoe  and  wire  is  sufficient  to  drag  the  shoe  in  either  of 
two  positions,  depending  on  the  direction  of  travel,  and 
the  compression  springs  give  independent  vertical  move- 
ment to  the  shoe. 


'       II* 


FIG.  3 — FLEXIBLY    MOUN'TED  STEEL   SHOE   WITH   COPPER  CONT.\CT 
STRIPS 

At  the  present  time  there  are  a  large  number  of 
pantagraph  trolleys  operating  with  rigidly  connected 
shoes.  On  the  Denver  &  Interurban  Railway,  with  1 1  000 
volt  alternating-current  operation,  a  steel  shoe  is  used 
one-sixteenth  of  an  inch  thick  and  six  inches  wide,  with 
one-inch  upward  bow  in  the  center.    The  phono-electric 


trolley  wire  has  a  height  of  22  feet  with  no  low  bridges. 
.\  current  of  90  amperes  is  collected  at  starting  and  54 
amperes  while  running  at  a  speed  of  54  miles  per  hour. 
A  life  of  10  000  miles  is  obtained  from  the  shoes,  show- 
ing that,  with  favorable  conditions,  good  results  can  be 
obtained  even  from  a  rigidly  connected  shoe. 

For  collecting  a  current  of  250  amperes  at  starting 
and  150  amperes  while  running  at  a  speed  of  25  to  30 
miles  per  hour,  a  steel  shoe  one-eighth  of  an  inch  thick 
and  six  inches  wide  rigidly  supported  has  a  life  of  about 
7000  miles  when  used  in  connection  with  either  steel  or 
phono-electric  trolley  wire.  The  increased  thickness  in 
material  results  in  greater  heat-absorbing  capacity,  with 
a  resultant  greater  life,  when  collecting  about  the  maxi- 
mum current  now  obtained  in  single-phase  1 1  000  volt 
o])eration. 

In  general,  it  may  be  said  that  for  high-speed  opera- 
tion the  shoe  should  be  as  light  as  possible  and  flexibly 
supported.  For  low  speeds  and  current  up  to  250 
amperes,  a  flexible  shoe,  while  desirable,  is  not  essential, 
but  the  thickness  of  material  should  not  be  less  than  one- 
eighth  of  an  inch.    At  the  ends,  where  the  entire  width 


FIG.  4 — DOUBLE  CONT.ACT    SHOE 

of  the  shoe  is  not  necessary,  the  weight  may  be  reduced 
by  long  slots,  as  shown  in  Fig.  2.  When  the  maximum 
current  to  be  collected  exceeds  250  amperes  a  thin  steel 
shoe  with  copper  contacts  gives  better  results.  Flexi- 
bility is  essential  to  obtain  a  satisfactory  life  of  shoe  and 
trolley  wire,  as  the  sparking  with  heaw  current  is  de- 
structive to  both  shoe  and  wire.  A  steel  shoe  flexibly 
supported  with  copper  contact  strips  is  shown  in  Fig.  3. 
Up  to  500  amperes  maximum,  a  single  shoe  with  copper 
contact  strips  will  give  satisfactory  collection,  but  with 
greater  current  tw'O  shoes  with  copper  contact  strips  are 
desirable. 

The  contact  shoes  used  on  the  W'estinghouse  double 
shoe  pantagraph  trolley  are  shown  in  Fig.  4.  These 
shoes  are  similar  to  the  steel  shoes  used  in  connection 
with  high-voltage  alternating-current  operation,  but 
have  two  copper  contact  strips  extending  the  full  width 
of  the  shoe.  In  the  center,  where  wear  is  most  severe, 
there  are  four  contact  strips.  The  shoes  are  supported 
by  hinged  arms,  which  allow  about  two  inches  independ- 
ent movement  per  shoe.  With  this  type  of  shoe  a  cur- 
rent of  1200  amperes  can  be  collected  when  starting  and 
400  to  Txx)  amperes  at  60  miles  per  hour  from  a  0000 
hard-drawn  copper  trolley  wire.    Tests  have  been  made 
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ill  which  currents  of  over  looo  amperes  were  collected, 
with  no  visible  sparking,  at  60  miles  per  hour  from  a 
single  0000  hard-drawn  copper  trolley  flexibly  sus- 
pended from  a  messenger  cable. 

In  the  double  shoe  pantagraph  trolley,  as  developed 
by  the  Westinghouse  Company  for  the  Niagara  Junction 


FIG.    5 — PANTAGRAPH    TROLLEY    R.\ISED    BY    SPRINGS — LOWERED 
BY    HAND 

Railway,  actual  operating  results  after  a  two-year  period 
of  operation  show  that  one  set  of  copper  contact  strips 
were  in  service  18  months  without  renewal,  correspond- 
ing to  a  life  of  13  750  miles.  Examination  of  the  0000 
hard-drawn  copper  trolley  wire  showed  practically  no 
wear  at  points  of  most  severe  service  except  at  hard 
spots  caused  by  section  insulators.  In  this  service  cur- 
rents of  from  700  to  1000  amperes  are  collected.  The 
shoes  are  greased  with  a  mixture  of  flake  graphite  and 
motor  grease. 

MOVABLE    FRAME   WORK 

The  movable  frame  work  should  be  as  light  as  pos- 
sible consistent  with  maximum  strength.  Cross-bracing 
should  be  used  to  give  lateral  stability.  All  high-speed 
pantagraph  trolleys  operating  at  maximum  speeds  of  60 
miles  per  hour  have  the  movable  frame  work  made  of 
high  carbon  steel  tubing.  The  halves  of  the  upper  frame 
consist  of  side  members  with  cross  braces  connected  by 
malleable  iron  fittings.  The  halves  of  the  lower  frame 
consist  of  side  members  connected  with  cross-bracing. 
The  side  members  are  subjected  to  considerable  bending 
movement,  so  that  a  member  built  up  of  two  tubes  is 
used.  At  the  point  of  maximum  bending  movement 
these  tubes  are  separated  about  five  inches,  while  at  the 
other  end  they  are  close  together.  An  exceedingly  light 
and  strong  construction  is  secured  in  this  manner.  In 
some  earlier  designs  cross-bracing  was  not  used  in  the 
lower  frame  and  lateral  stability  was  secured  by  a  hori- 
zontal cross  member.  By  eliminating  the  horizontal 
cross  members  more  space  was  made  available  on  the 
car  roof  and  additional  lateral  stability  was  secured  by 
means  of  double  diagonal  cross-bracing. 


OPERATING    MECHANISM 

The  type  of  operating  mechanism  used  for  raising 
and  lowering  depends  on  the  type  of  trolley  and,  while 
the  different  types  can  have  a  large  number  of  parts  in 
common,  rearrangement  and  modifications  are  neces- 
sary for  each  particular  type. 

(A)  Spring  Raised — (a)  Lowered  by  Hand — In 
this  type  of  trolley  the  operating  mechanism  is  very  sim- 
[)le,  and  consists  of  either  one  or  several  tension  springs 
having  the  ends  connected  to  levers  or  to  chains  and 
cams  attached  to  pantagraph  cross  shafts.  The  action 
of  the  tension  springs  produces  a  turning  movement  of 
the  cross  shaft,  causing  the  trolley  frame  to  rise.  An 
insulated  rope  is  connected  to  the  pantagraph  frame  as 
a  means  for  lowering  the  trolley.  A  pantagraph  trolley 
of  this  type  is  shown  in  Fig.  5. 

(b)  Air  Lowered — In  this  type  of  trolley  the  raising 
action  is  accomplished  by  tension  springs  similarly  to 
the  hand  lowered,  but  the  lowering  is  accomplished  by 
cornpressed  air.  Air  cylinders  are  mounted  on  the  trol- 
ley base,  and  the  thrust  of  the  piston  is  transmitted  di- 
rectly to  a  crank  located  on  the  pantagraph  cross  shaft. 
After  the  frame  has  been  depressed  to  the  minimum 
height  a  spring  latch  is  engaged  which  holds  the  trolley 
in  the  lowered  position.  In  order  to  raise  the  trolley, 
air  is  admitted  to  a  small  latch  cylinder,  which  disen- 
gages the  latch  and  allows  the  operating  springs  to  raise 
the  trolley  frame.  As  soon  as  the  pantagraph  frame  has 
risen  to  the  maximum  height  the  piston  remains  at  the 


riG.    6 — DOUBLE    SHOE    PAXT.\GR.\PH    TROLLEY SPRl.NG    RAISED 

end  of  the  cylinder  and  the  lowering  lever  is  free  to 
oscillate  without  any  piston  friction. 

Full  air  pressure  can  be  admitted  directly  to  the  latch 
cylinder,  but  the  air  pipe  leading  to  the  main  cylinder  is 
provided  with  a  diaphragm  having  a  hole  about  one- 
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sixteenth  of  an  inch  in  (hanieter.  This  prevents  too 
rapid  lowering  of  the  trolley.  When  raising  the  trolley 
the  residual  air  in  the  cylinder  also  acts  as  a  cushion  and 
prevents  slamming.  If  the  trolley  has  heen  locked  down 
for  some  time  the  residual  compression  is  not  sufficient, 
and  air  should  be  admitted  and  then  shut  oft  before  the 


FIG.   7 — UOUULIC   SHOE   P.\NTAGR.\PH   TROLLEY — .MR   R.MSEU 

latch  is  released.  Pantagraph  trolleys  of  this  type  are 
shown  in  Figs,  i  and  6. 

(B)  Air  Raised — Lowered  by  Gravity — (a)  Held  up 
by  Air  Pressure — This  is  a  modification  of  the  air- 
lowered  trolley  in  which  the  spring  tension  is  produced 
by  an  air  cylinder.  The  jiiston  acts  on  a  lever  and  shaft 
to  produce  tension  in  the  operating  sjjring.  When  the 
piston  reaches  the  end  of  its  stroke  the  spring  tension  is 
sufficient  to  produce  the  necessary  contact  shoe  pressure 
throughout  the  operating  range  of  the  trolley.  In  order 
that  the  size  of  cylinder  may  be  reduced,  balancing 
springs  are  provided  which  nearly  balance  the  dead 
weight  of  frame  and  contact  shoe.  The  air  piston  actu- 
ated springs  need  therefore  only  to  overcome  the  fric- 
tion, give  the  necessary  contact  pressure  and  a  small 
additional  margin  to  insure  the  prompt  lowering  action 
of  the  trolley  when  air  is  exhausted  from  the  cylinders. 
In  this  type  of  trolley  it  is  also  necessary  to  have  a 
diaphragm  in  the  air  pipe  leading  to  the  cylinders  to  re- 
strict the  free  passage  into  the  cylinder  when  raising  and 
to  restrict  the  free  exhaust  when  lowering,  otherwise  the 
action  in  both  directions  may  be  so  rapid  as  to  injure 
the  mechanism  or  framing. 

In  the  simplest  form  of  air-raised  pantagraphs  air 
pressure  must  be  applied  continually  during  the  opera- 
tion of  the  trolley.  A  pantagraph  trolley  of  this  type  is 
shown  in  Fig.  7. 


(b)  Held  up  by  an  .\ntomatic  Latch — This  type  is  a 
modificaticjn  of  previous  type  and  the  design  is  almost 
identical  exce])l  that  when  the  frame  has  reached  its 
ni;i.\immn  height  the  spring  tension  is  maintained  by  an 
automatic  air-o])erated  latch,  which  is  tripped  by  air 
when  it  is  desired  to  lower  the  trolley.  Air  pressure  is 
required  only  during  the  raising  of  the  trolley  and  until 
the  engagement  of  the  latch. 

While  there  may  be  an  advantage  in  this  type  of 
trolley  in  the  saving  of  air  which  may  leak  from  the 
operating  cylinder,  there  is  a  decided  disadvantage  in 
additional  devices  required  to  cushion  the  blow  due  to 
the  dead  weight  of  pantagraph  framing  when  lowering, 
as  no  compressed  residual  air  may  be  available  in  the 
operating  cylinder. 

(C)  Raised  by  Vaeuuin — Lowered  by  Gravity — In 
this  type  of  trolley  the  spring  tension  is  produced  by 
the  suction  of  a  vacuum  cylinder.  When  the  piston  of 
the  vacuum  cylinder  is  at  the  end  of  its  stroke  the 
operating  springs  have  been  put  into  sufficient  tension  to 
give  the  necessary  contact  pressure  throughout  the  oper- 
ating range  of  the  trolley.  In  addition  to  the  cylinder 
springs,  balancing  springs  are  provided  which  nearly 
coimterbalance  the  dead  weight  of  the  trolley  and  over- 
come the  friction  of  the  moving  parts.  In  this  way  a 
much  smaller  cylinder  can  be  used.  \'acuum-operated 
pantagraph  trolleys  are  not  tised  in  the  United  States 
and  their  use  is  confined  to  roads  employing  vacuum- 
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nC.    8 — V.\CUUM-OPER-\TED    P.\NTACR.\PH    TROLLEY 

operated  brakes.     A  vacuum  trolley  designed   for  the 
Buenos  Ayres  Western  Railway  is  shown  in  Fig.  8. 

Double  shoe  type  pantagraph  trolleys  are  shown  in 
Figs.  6  and  7  which  are  identical,  except  that  the  one 
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shown  in  Fig.  6  is  spring  raised  and  that  in  Fig.  7  is 
raised  by  compressed  air.  In  the  spring-raised  trolley 
one  end  of  each  spring  is  connected  to  the  cam  and  the 
other  end  is  deadened.  The  thrust  of  the  air  piston  is 
transmitted  directly  to  a  crank  on  the  cross  shaft  and 
depresses  the  trolley  until  the  automatic  latch  is  engaged. 
Admission  of  air  into  the  latch  cylinder  releases  the 
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FIG.    9 — PANTAGRAPH    PRESSURES 

The   full  line  represents  the  pressure  obtained  with  a  modern 

pantagraph  equipment  with  cams,  while  the  dotted 

lines  represent  the  older  forms. 

latch  and  allows  the  trolley  to  ascend.  In  the  air-raised 
trolley  the  same  springs  and  cylinder  are  used,  but  some- 
what rearranged.  Two  of  the  springs  become  balancing 
springs  and  one  end  of  these  springs  is  deadended.  The 
other  two  springs  receive  their  tension  from  the  air 
piston  through  a  shaft  provided  with  two  levers.  When 
the  piston  is  at  the  end  of  its  stroke  the  spring  is  under 
sufficient  tension  to  take  care  of  the  operating  range  of 
the  trolley.  To  lower  the  trolley  the  air  is  released  from 
the  cylinder  and  the  trolley  collapses  by  gravity. 

INSULATION 

The  insulation  for  a  pantagraph  trolley  must  be  suf- 
ficient so  that  there  will  be  no  danger  due  to  flashovers 
during  heavy  rain.  It  must  be  of  very  rugged  design,  so 
that  it  can  safely  stand  the  various  strains  without  me- 
chanical failure.  A  spool-type  insulator  satisfactory  for 
operating  voltages  up  to   5000  volts   direct   current   is 


FIG.    10 — PANTAGRAPH    TROLLEY   INSULATOR  FOR   5OOO  VOLTS 

shown  in  Fig.  lo,  and  Fig.  1 1  shows  a  pin-type  porcelain 
insulator  suitable  for  operating  voltages  up  to  1 1  ooo 
volts  alternating  current. 

For  1 1  000  volt  operation  no  live  part  of  the  trolley 
should  be  less  than  four  inches  from  the  roof,  and  this 
distance  should  be  a  minimum.  Wherever  possible  greater 
clearance  between  live  parts  and  ground  should  be  ob- 
tained.   This  applies  more  particularly  to  vertical  clear- 


ances, as  most  flashovers  take  place  during  heavy 
showers,  due  to  streams  of  more  or  less  acidulated  water 
running  from  the  trolley  to  the  roof.  The  points  of 
greatest  water  shed  should  be  at  the  greatest  distance 
from  the  roof  or  grounded  parts. 

This  also  makes  it  desirable  in  the  design  to  avoid 
large  horizontal  surfaces  which  become  covered  with 
certain  deposits  which  may  contain  sulphates  and  car- 
bonates. When  this  deposit  is  washed  off  during  heavy 
showers  the  resulting  streams  may  be  fairly  good  con- 
ductors and  flashovers  result.  For  1 1  ooo  volt  operation 
especially,  the  design  of  the  insulator  must  be  such  as 
to  give  maximum  flashover  voltage  with  minimum  diam- 
eter, as  a  flashover  from  the  insulator  shield  would  prob- 
ably shatter  the  porcelain. 

In  the  insulator  shown  in  Fig.  ii  the  area  of  the 
shield  is  only  one-half  that  of  an  earlier  design.  An 
electrical  failure  of  this  insulator  due  to  puncture  or 
flashover  has  never  been  reported.  For  lower  voltages 
the  question  of  insulation  is  not  so  important,  although 


FIG.    II — PANTAGRAPH   TROLLEV  INSULATOR  FOR    1 1  000  VOLTS 

it  is  always  well  to  get  maxinnun  clearance  between  live 
parts  and  grounded  surfaces. 

COXTACT    PRESSURE 

By  means  of  cams  and  chains  all  modern  types  of 
pantagraph  trolleys  have  a  fairly  uniform  pressure 
throtighout  their  operating  range,  and  in  this  respect 
are  a  great  improvement  over  early  designs,  in  which 
the  spring  tension  was  transmitted  by  means  of  levers 
and  links.  The  best  results  are  obtained  with  the  trolley 
adjusted  to  give  a  contact  pressure  of  12  pounds  per 
shoe  with  trolley  moving  upward.  This  corresponds 
to  a  pressure  of  about  17  pounds  with  the  shoe  moving 
downwards,  the  diiYerence  in  pressure  being  twice  the 
frictional  resistance  of  the  moving  parts. 

Lighter  pressures  could  be  used  under  perfect  oper- 
ating conditions,  but  in  general  it  will  be  found  that,  in 
the  rough  service  to  which  a  pantagraph  trolley  is  sub- 
jected, a  little  additional  pressure  at  the  contact  shoe 
serves  to  make  the  trolley  more  stable  against  side  sway 
and  causes  the  shoe  to  follow  the  wire  more  satisfac- 
torily. While  it  may  appear  that  increased  pressure 
moans  additional  wear,  it  must  be  remembered  that  more 
wear  may  be  produced  by  sparking  than  by   friction. 
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Contact  pressure  curves  obtained  with  modern  designs 
as  compared  with  old  designs  are  given  in  Fig.  9 

It  is  desirable  that  the  contact  pressure  should  in- 
crease near  the  locked  position,  as  this  insures  a  more 
rapid  ascent  when  the  latch  is  released  and  minimizes 
the  slam  when  the  trolley  is  lowered  to  the  collapsed  po- 
sition. Referring  to  Fig.  9,  the  difference  in  friction  be- 
tween new  and  old  designs  is  at  once  apparent.  Friction 
has  been  reduced  by  elimination  of  bearings  and  use  of 
tension  springs  in  place  of  encased  compression  springs. 
With  more  than  a  single  bearing  at  each  end  of  the  cross 
shaft,  alignment  of  the  trolley  becomes  difficult.  Any 
contact  pressure  over  and  above  what  is  needed  for 
sparkless  collection  of  current  only  produces  wear  on 
the  shoe  and  wire,  and  it  is  therefore  essential  that  fric- 
tion should,  so  far  as  possible,  be  eliminated. 


OPERATING    R.\NGE 

The  maximum  operating  height  of  the  trolley  wire 
has  been  gradually  increased  until  at  present  we  have 
conditions  where  in  zero  weather  the  trolley  wire  has  a 
height  of  25  ft.  3  in.  above  the  rail,  the  nominal  height 
being  24  ft.  and  minimum  height  16  ft.  9  in.  W'e  may 
anticipate  conditions,  however,  with  a  maximum  oper- 
ating height  of  25  ft.  3  in.  and  minimum  height  of  15  ft. 
6  in.,  or  a  total  range  from  collapsed  to  maximum  height 
of  contact  shoe  of  10  ft. 

So  far  as  the  pantagraph  trolley  is  concerned,  it  is 
desirable  that  the  operating  range  be  kept  as  small  as 
possible,  as  the  size  and  weight  of  pantagraph  increase 
very  rapidly  with  increase  in  operating  range,  but  usu- 
ally the  trolley  must  be  designed  to  accommodate  itself 
to  the  physical  conditions  of  the  installation. 


The  26  Inch  Wheel,  Low-Floor  Cars 

in  Cleveland 


Terrance  Sculun 

Master  Mechanic, 

Cleveland  Railway  Company 


Till-:  PROVISION  of  adequate  transportation  fa- 
cilities for  the  i)atrons  of  street  railways  in  the 
United  States,  and  especially  in  Cleveland,  has 
perhaps  received  more  attention  in  the  past  ten  years 
than  ill  ,ill  previous  electric  railway  history.  Through- 
nut  the  entire  country  electric  railways  have  turned  over 
many  new  leaves  during  this  period  as  regards  traffic 
h  a  n  d  1  i  n  <T    and 


frames  forming  a  center  well,  and  wheel  diameters  as 
small  as  24  inches  being  necessary.  Even  the  motor 
equipment  required  d  departure  from  former  standards, 
including  a  specially  designed  motor,  with  proper  clear- 
ances under  the  gear  case  and  frame  for  such  applica- 
tions. It  was  this  motor,  known  as  the  Westinghouse 
No.  328,  rated  at  30  hp  at  500  volts,  and  popularly  called 

the  "babv  motor." 


equipment.  Of 
the  several  sub- 
j  e  c  t  s  receiving 
e  X  tensive  study, 
none  has  been 
given  closer  atten- 
tion than  the  de- 
sign of  passenger 
rolling  stock.  .A 
few  years  ago  an 
innovation  in  city 
type  cars  was  in- 
troduced, known 
as  the  low-floor, 
center  -en  trance 
car — a  design 
w  h  i  c  h  favored 
weight  reduction 
and  facilitated  the 
entrance  and  dis- 
charge of  passen- 
gers by  virtue  of  its  so-called  stepless  entrance  and  an     pany   ilid   not   adopt   tlie 


FIG.    I — THE   .NEW    26   I.NCIl    WHKEI.  CAR   HAULING   A    STEEL   TRAILER 

Trailer  operation  is  carried  on  twenty- four  hours  a  day  with  the  quadruple  No.  340 
motor  equipment  on  the  motor  cars. 


that  led  to  the  de- 
\'  c  1  o  ])nient  of  a 
motor  with 
i^reater  c  a  pacity 
for  use  in  the  city 
of  Cleveland. 

A  motor  suited 
to  C  1  e  V  e  land's 
service  condi- 
t  i  o  n  s,  however, 
recjuircd  the  con- 
^ide^atinn  of  fea- 
luri's  which  had 
not  h  e  r  e  t  ofore 
been  encountered 
in  low  -  floor  car 
motor  tlesigns.  In 
developing  a  low- 
floor  car  for  its 
use  the  Cleveland 
Rail  way     Coin- 


smallest  wheel  diameter  pos- 
efficient  system  of  fare  collection.  The  new  type  of  car  sible,  but  after  considerable  investigation  decided  upon 
rocpiired  several  radical  changes  in  car  body  and  truck  the  26  inch  wheel  as  the  size  ])roviding  the  most  desir- 
construction    to    secure    the    low-floor    feature :    drop     able  combination  of  small  diameter  and  generous  wear- 
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ing  depth.  Traffic  conditions  in  Cleveland  are  such  that 
cars  are  required  to  haul  trailers  twenty-four  hours  a 
day,  and  the  use  of  a  motor  of  adequate  power  for 
such  service  makes  additional  motor  clearances  over 
that  obtained  by  the  24  inch  wheel  trucks  necessary. 
The  26  inch   wliecl   supplied   this  additional   clearance, 


able  loading  space.  Two  doors  of  the  air-operated  slid- 
ing type  are  used,  one  each  for  the  entrance  and  exit 
doorways.  The  general  dimensions  of  this  car  are  given 
in  Table  I. 

This  car  proved  highly  satisfactory  from  the  view- 
point of  both  the  public  and  the  operating  company,  and 


-THE  C1.EVEL.\ND  26   INCH    WHKEI.,  CENTEK   ENTRANCE,   CENTER  EXIT  TYPE  C.^R 


and  at  the  same  time  retained  the  small  diameter  nec- 
essary to  secure  the  low-floor  feature.  The  riding  quali- 
ties, life  and  general  satisfaction  secured  by  this  wheel 
diameter  have  been  such  as  to  cause  it  to  be  adopted  as  a 
standard  for  all  low-floor  cars  of  the  company. 

The  selection  of  the  26  inch  wheel,  and  the  decision 
to  equip  the  cars  with  motors  of  sufficient  continuous 
capacity  to  permit  twenty-four  hour  trailer  operation, 
resulted  in  the  development  of  the  Westinghouse  No. 
340  commutating-pole  motor,  rated  at  40  hp  at  500  volts. 
The  motor  was  made  especially  desirable  for  Cleveland 
service  by  being  so  designed  as  to  embody  many  parts 
interchangeable  with  a  large  number  of  Westinghouse 
No.  loi-B  and  No.  307-F  motors,  which  are  installed 
on  33  inch  wheel  trucks  of  the  company. 

The  first  low-floor  cars  to  be  placed  in  o])eration  by 
the  Cleveland  Railway  Company  were  of  the  center- 
entrance,  center-exit  type,  as  shown  in  Fig.  2.     These 


altogether  200  cars  of  this  type  are  rendering  excellent 
service  today.  The  Cleveland  Railway  Company,  how- 
ever, has  a  rather  unusual  traffic  condition  to  meet  on 
its  cross-town  lines,  several  of  which  intersect  as  many 
as  twelve  of  the  company's  main  trunk-lines  within  a 
distance  of  about  three  miles.  Since  the  majority  of 
passengers  carried  upon  these  cross-town  lines  are, 
therefore,  usually  transferred  passengers  picked  up  in 
rather  large  groups  at  each  trunk-line  intersection,  it  is 
highly  desirable  that  a  car  with  exceptional  loading  fa- 
cilities be  provided.  It  was  decided,  therefore,  to  build 
another  semi-steel,  low-floor  car,  similiar  to  the  center- 
entrance  type  just  described,  but  applicable  in  particular 
to  the  cross-town  service. 

To  obtain  the  loading  facilities  desired  a  new  en- 
trance and  exit  scheme  was  essential,  and  after  exhaus- 
tive study  it  was  decided  to  have  all  passengers  enter  at 
the  front  and  pass  out  via  the  center  doors,  at  which 


EIG.  3 — THE   NEW   2O   INCH    WHEEL,   FRONT   ENTR.\XCK,  CE.NTER   E.\1T   C.\R 


cars,  of  semi-steel  construction  and  arranged  for  single- 
end  operation,  are  equipped  with  four  Westinghouse  No. 
340  motors,  and  K-35-G  control.  The  drop-frame  con- 
struction used  forms  a  low-floor  center  well,  thus  mak- 
ing a  stepless  entrance  and  exit,  and  providing  consider- 


point  the  conductor  and  his  fare  box  would  be  located. 
Passengers  would  enter  at  the  front  by  means  of  a 
folding  step  and  through  folding  doors,  all  controlled  by 
the  motorman,  to  a  roomy  platform.  Passing  into  the 
car,  those  wishing  to  pay  as  they  leave  would  occupy 
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the  front  scctiun  :  and  those  wishing  to  ])ay  their  fare 
as  they  passed  the  coiKkictor's  stand,  in  the  center, 
would  pass  to  the  rear  of  the  car.  The  front  section 
of  the  car  was  laid  out  for  longitudinal  seats,  and  the 
rear  section  for  transverse  seats,  it  having  been  found 
that  this  arrangement  would  tend  to  induce  passengers 
Cespccially  the  long-haul  ones^   to  seek  the  rear  of  the 


WG.  4 — iNTKRioR  vn;w  oi'  nkw  front  kntra.n'ce,  center  exit  car, 

LOOKING  towards  THE  PAV-AS-VOU-ENTER  SECTION  AT  THE  REAR 

Note  the  unoljstructcd  passageway  to  rear  of  car,  also  absence 
of  center  well. 

car,  thus  disposing  of  their  fare  and  clearing  the  loading 
space  at  the  front  of  the  car.  Also,  by  placing  the  longi- 
tudinal seats  in  the  front  section  of  the  car,  a  wider  aisle 
space  was  secured,  thus  facilitating  the  free  passage  of 
patrons  desiring  seats  in  the  rear  of  the  car. 

The  advantages  of  the  new  car  were  quite  obvious  : — 

I — Ample  loading  space  provided  for  passengers  boarding 
the  car,  with  nothing  to  check  their  immediate  advance 
to  the  interior  of  the  car. 

2 — Automatic  distribution  of  short  and  long  haul  pas- 
sengers, the  latter  class  paying  their  fare  and  occupying 
the  transverse  seats,  thus  preventing  congestion  in  tlie 
loading  space. 

3 — The  motorman  has  a  clear  view  of  all  entering  pas- 
sengers. 

4 — The  front  entrance  is  admirably  adapte<l  to  near-side 
stops. 

The  sample  car  laid  out  on  the  above  plan  and  built 
in  the  Cleveland  Railway  Company's  shops,  when  put 
into  operation  early  last  spring,  so  effectively  demon- 
strated its  merits  that  50  duplicates  were  ordered,  most 
of  which  are  now  in  service,  and  an  additional  order  for 
80  more  has  recently  been  jjlaced.  The  general  dimen- 
sions and  weights  of  this  car  are  tabulated  in  Table  II. 

In  general  appearance  the  new  cars  closely  resemble 
the  former  center-entrance  type,  the  most  radical 
changes  being  a  continuous  body  floor  and  under- 
framing,  thus  eliminating  the  center  well :  and  the  addi- 

TABLE   I-GENERAI.    DIMENSIONS    OF   CLEVELAND 
LOW-FLOOR,  CENTER-ENTRANCE  CARS 

Length  overall   .....'..:. 51  Ft.   o  In. 

Length  of  body 50  Ft.    o  In. 

Truck  centers  25  Ft.    i  In. 

Wheel  base  4  Ft.  10  In. 

Step   heights    12  11/16  In.— 12  In.— 7  5/16  In. 

F'loor  to  rail 32  In. 

Width  over  side  plates 8  Ft.    2  In! 

Height  inside    (normal) 8  Ft.    oin. 

Height  at  entrance g  Ft.    7  In. 

Passengers  seated   (summer) 55 

Passengers  seated   (winter)  54 

Passengers  standing  82 

Total  passenger  load 137 


TABLE  II-DIMENSIONS  AND  WEIGHTS  OF  CLEVE- 
LAND  LOW-FLOOR,  FRONT-ENTRANCE, 
CENTER-EXIT  CARS 

Length  overall 51  Ft.  I  5/16  In. 

Length  over  corner  posts 40  Ft.      454  In. 

Truck   centers   25  Ft.  i  In. 

Wheel  base  4  Ft.         10  In. 

Step  heights — front  vestibule  12 — 11 — pin. 

Step  heights — center  exit  12J4 — 9^ — 9V»  I"- 

Floor  to  rail 32  In. 

Width  over  side  plates 8  Ft.     2  In. 

Height   inside   8  Ft.     o  In. 

Heiglit  of  e.xit  doors 7  Ft.  2^  In. 

Height  of  entrance  doors 6  Ft.  4^4  In. 

Passengers  seated   (summer) 56 

Passengers  seated   (winter)  55 

Passengers  standing  jy 

Total  jjassenger  load 133 

Weight  of  body  with  accessories 27  590  Lb. 

Weight  of  trucks    io(X)oLb. 

Weight  of  air  brake  equipment 1826  Lb. 

Weight  of  motor  etpiipment  9600  Lb. 

Weight  of  control  eipiipment  1 100  Lb. 

Total  weight  completely  equipped 50  716  Lb. 

tic^n  of  a  front  ])latform.  The  elimination  of  the  well 
made  it  necessary  to  place  the  two  steps  formerly  lead- 
ing from  the  well  to  the  car  floor  at  the  center  door  exits, 
but  the  disadvantages  of  two  additional  steps  at  this 
jjoint  were  more  than  offset  by  the  superior  seating 
arrangement  made  possible  by  the  continuous  floor. 
I.ike  the  center-entrance  type,  the  new  cars  are  illumi- 
nated with  five  92  watt  Mazda  lamps  fitted  with  Alba 
shades.  A  selector  type  switch  developed  by  the  Cleve- 
land Railway  Company  controls  a  sixth  lamp,  which 
may  be  cut  into  circuit  should  any  of  the  five  units  be- 
come inoperative.  During  cold  weather  provision  has 
been  made  for  the  installation  of  Peter  Smith  forced 
hot-air  heaters  to  be  located  on  the  front  i)latform.  The 
Cleveland  Railway  Coinpany's  exhaust  ventilator  system 
is  used.  The  new  cars  are  also  equipped  with  Westing- 
house  No.  340  motors  and  K-35-G  single-end  control. 

The  (|uick-loading  feature  of  the  new  cars  has  re- 
duced the  length  of  stop  at  the  congested  points  on  the 
cross-town  lines  approximately  one-third,  and  the  pay- 
as-you-enter  or  pay-as-you-leave  scheme  of  fare  collec- 
tion has  been  so  satisfactorv  on  the  new  cars  that  it  has 


EIC.   5 — THE  JO    IM  11    "  llEEI.   CI.EVELANli      i         i. 

The  saving  in  weight  of  the  complete  truck  over  the  33  inch 

wheel  truck  as  a  result  of  smaller  wheels  and  lighter 

motors  and  truck  parts  is  1954  lbs.  per  truck. 

not  only  been  instituted  on  the  center-entrance  type  cars, 
but  has  also  prompted  the  company  to  rebuild  50  of  the 
3,5  inch  wheel,  vestibule  pay-as-you-enter  type  cars, 
making  them  similar  in  appearance  and  operation  to  the 
newest  front-entrance  type  cars. 


Field  Discharge 

When  the  field  circuit  of  a  shunt  machine  is  opened  a 
voltage  is  induced  due  to  self-induction.  If  this  has  no  place 
to  discharge  it  will  dissipate  its  energj-  as  a  flash  at  the  switch 
points.     Tliis   is  often   ohjectionable  and,  even   where   it   is   not. 


Discharge  Resistance. 

FIG.    2  FIG.    3 

the  surge  is  liable  to  strain  the 
insulation  of  the  field  winding. 
On  this  account  it  is  customary 
to  provide  a  discharge  path 
for  the  shunt  field.  With  the 
connection  shown  in  Fig.  i  the 
field  can  discharge  directly 
through  the  armature.  In  auto- 
matic control,  however,  con- 
nections like  Fig.  2  are  fre- 
quently employed  where  a 
switch  opens  the  circuit  be- 
tween field  and  armature.  In 
this  case  a  field  discharge  re- 
sistance is  commonly  connected 
as  shown.  This  scheme  has  the 
disadvantage  that  there  is  a 
continuous  loss  in  the  resist- 
ance while  the  motor  is  oper- 
ating. Tliis  is  often  unimportant.  One  way  of  avoiding  this 
loss  is  to  use  a  field  discharge  switch,  Fig.  4,  connected  as  in  Fig. 
.?  When  this  switch  is  opened  the  middle  blade  makes  contact 
with  its  clip  just  before  the  other  blades  break  the  circuit. 


FIG.  4 


Variations  of  Core  Flux  with  Load 

In  a  transformer  witii  open  secondary  a  certain  current  w-il! 
flow  in  the  primary.  This  current  is  just  sufficient  to  furnish  a 
flux  whicli  will  generate  a  counter-e.m.f.  nearly  equal  to  the 
line  voltage.  The  vector  diflference  between  the  line  voltage 
and  the  counter-e.m.f.  is  the  part  of  the  line  voltage  required  to 
overcome  drop  in  the  windings.  As  load  is  applied  to  the  sec- 
ondary, current  will  flow  which  will  tend  to  reduce  the  flux 
through  the  core.  As  the  flux  is  reduced  the  counter-e.m.f.  is 
reduced,  thus  allowing  more  current  to  flow  in  the  primary. 
The  action  is  analogous  to  that  of  a  shunt  motor  where  the 
motor  speed  corresponds  to  the  transformer  flux.  .Vs  load  is 
applied  to  the  motor  the  speed  decreases,  slightly  decreasing 
the  counter.e.m  f.  and  allowing  more  current  to  flow.  This  de- 
crease is  small  with  respect  to  the  motor  speed.  In  the  trans- 
former the  decrease  in  core  flux  is  so  small  with  respect  to  the 
total  flux  that  for  ordinary  loads  the  core  flux  can  be  considered 
practically  constant.  In  either  case  the  decrease  in  speed  or 
flux  is  proportional  to  the  decrease  in  counter-e.m.f.  This  de- 
crease in  counter-e.m.f.  is  equal  to  the  increase  in  impedance 
drop,  the  sum  of  the  counter-e.m.f.  and  the  impedance  drop 
being  a  constant  and  equal  to  the  impressed  voltage. 


Induction  Motor  Speed-Torque  Curves 

The  torque  of  a  motor  is  proportional  to  the  product  of  the 
current  in  the  conductors  by  the  component  of  flux  in  phase 
with  it.  In  an  ideal  induction  motor,  without  primary  resist- 
ance or  leakage,  the  flux  will  be  constant  and  the  torque  will  be 
proportional  to  the  secondary  current,  and  this  in  turn  will  be 
proportional  to  the  secondary  e.m.f.,  which  is  proportional  to 
the  slip  when  the  flux  is  constant.  The  speed-torque  curve  will 
therefore  be  a  straight  line  as  shown  at  B.  If  primary  resist- 
ance is  considered,  the  counter-e.m.f.  will  decrease  with  increas- 
ing current  due  to  the  resistance  voltage  drop.  This  will  de- 
crease the  flux,  since  counter  e.m.f.  is  proportional  to  flux  and 
frequency,  and  the  frequency  is  assumed  constant.  This  will 
niean  that  for  a  given  torque  there  will  be  a  greater  secondary 
current,  and  therefore  a  greater  slip  than  shown  in  curve  B. 
Curve  C  takes  primary  resistance  into  account.  In  an  actual 
motor  the  efifect  of  leakage  is  to  introduce  reactance  into  the 
circuit.  Secondary  leakage  has  little  effect  at  small  slips  on 
account  of  the  low  frequency  of  the  secondary  currents.  How- 
ever, it  always  causes  a  reduction  in  flux  by  decreasing  the 
counter-e.m.f.  on  account  of  the  reactive  voltage  drop  in  the 
windings.  As  the  slip  increases  the  reactance  increases,  due  to 
increased  rotor  frequency.  This  has  two  effects :— First,  the 
numerical  value  of  the  reactive  drop  is  increased ;  second,  the 
jiower-factor  of  tlie  secondary  circuit  is  lowered,  thus  making 


tl-.e  reactive  drop  have  a  greater  effect  and  also  throwing  the 
secondary  current  out  of  phase  with  the  main  flux.  All  these 
effects  tend  to  reduce  the  torque  at  an  increasing  rate,  as  the 
slip  increases  till  a  point  is  reached  beyond  which  the  torque 
actually  decreases,  giving  the  knee  shown  on  curve  D.  It  will 
thus  be  seen  that  the  maximum  or  'pull-out"  torque  is  fixed  by 
leakage.  If  the  leakage  is  reduced  by  shortening  the  air-gap 
or  by  some  other  means,  a  curve  like  E  is  obtained  where  the 
I>ull-out  torque   is   greatly   increased. 

Considering  a  motor  whose  characteristic  curve  is  like  D, 
if  resistance  is  put  in  the  secondary  circuit  a  greater  slip  is 
necessary  in  order  to  force  through  the  secondary  circuit  the 
current  required  for  a  given  torque.  This  causes  the  speed- 
tcrque  curve  to  droop  more  than  D,  but  it  does  not  change  the 
liull-out  torque,  as  this  is  affected  by  leakage  and  not  resistance. 
Curve  F  shows  this  effect.  By  properly  proportioning  the  re- 
sistance maximum  torque  can  be  made  to  occur  at  starting. 
This  is  frequently  done  in  crane  service  and  similar  appli- 
cations. 

To  summarize,  the  maximum  or  pull-out  torcpie  is  limited 
b"  the  leakage,  while  the  speed  at  which  it  is  obtained  is  deter- 
mined by  secondary  resistance.* 


*See  also  articles  by  B.  G.  Lamme  in  the  JorRx.M.  \'ol  1 
p.  431 ;  by  A.  iM.  Dudley.  \'ol.  \',  ]>.  366,  and  bv  A.  J.  'Motyer' 
Vol.  XI,  p.  485.  ■ 
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Questions  concerning  general  engineering  theory  or  pracbce  and  questions  regarding  apparatus  or  materials  desired  for  particular  needs  will  be 
answered     Speafic  data  regarding  design  or  redesign  of  individual  pieces  of  apparatus  cannot  be  supplied  through  this  department. 

To  receive  prompt  attention  a  self-addressed,  stamped  envelope  should  accompany  each  query.  A  personal  reply  is  mailed  to  each  questioner 
as  soon  as  the  necessary  information  is  available,  however,  as  each  question  is  answered  by  an  expert  and  checked  by  at  least  two  others,  a  reason- 
able length  of  time  should  tie  allowed  before  enpecting  a  reply.     Care  should  be  used  to  furnish  all  data  needed  for  an  intelligent  answer. 


1232  -Calibrated   Motor — Given   a   dy- 

iianionu'ttT  suitabU-  I'tir  tcstiiiK  small 
motors,  can  test.s  be  made  and  curves 
plotted  so  that  after  a  gas  cnRine 
starter  is  installed  the  speed  at  wliich 
it  turns  the  engine  over  can  be  deter- 
mined from  the  amount  of  current 
drawn  by  the  motor?  Please  explain 
fully.       '  P.J.  (oHio) 

If  the  starter  in  question  is  a  series 
motor  and  the  performance  is  plotted  in 
tin-  usual  way  to  show  the  r.p  ni,  in  rela- 
tion to  amperes  the  speed  may  be  read 
directly  from  the  curve.  Having  the 
motor  speed,  the  cranking  speed  is  ob- 
tained by  reducing  by  the  gear  ratio  be- 
tween the  motor  and  engine.  The  curve 
should  be  taken  with  the  motor  at  room 
temperature,  since  that  is  tlie  usual  oper- 
ating condition  of  engine  starters;  and 
the  applied  volts  should  follow  the  char- 
acteristic drooping  curve  of  a  well- 
charged  storage  battery  to  give  a  mini- 
mum variation  under  service  operation. 
Speeds  read  from  curves  obtained  under 
such  conditions  are  quite  accurate  witli- 
out  any  correction.  The  speed  may  lie 
obtained  precisely  only  when  the  IR 
drop  in  the  motor  and  the  terminal  volts 
are  at  the  same  value  as  was  used  tii 
obtain  the  curve — that  is  to  say,  when 
the  counter  c.m.f.  is  the  same.  The 
speed  of  a  scries  motor  is  directly  pro- 
portional to  the  counter  e.m.f.,  the  value 
of  which  is  the  difTercncc  between  the 
applied  voltage  and  the  motor  IR  drop. 
Since  this  drop  is  affected  mostly  by 
changes  in  temperature  it  may  be  ap- 
proximately corrected  by  increasing  it 
0.4  percent  for  eacli  degree  C.  rise  in 
temperature.  Any  speed  value  read 
from  the  curve  may  conveniently  be  cor- 
rected for  change  in  voltage  and  temper- 
ature as  follows  : — Subtract  tlie  total 
motor  IK  drop  at  the  rated  temperature 
from  the  applied  volts  on  the  curve,  sul)- 
tract  the  corrected  IR  drop  from  the  ob- 
served terminal  volts,  and  correct  the 
speed  corresponding  to  the  observed 
current  in  direct  ratio  with  these  calcu- 
lated counter  e.m.f.'s.  v.  h.  p. 

1233 — Current  Transformers  in  Series 
—We  have  a  number  of  current  trans- 
formers with  a  marked  ratio  of  200:1 
(lOOtK.s)  leading,  and  rated  at  32  volt- 
amperes  Tlie  average  characteristics 
of  the  single  transformer  arc  as  fol- 
lows : — 
Amperes  Ratio  Phase  angle 
0.5  198.6  i°44' 

i.o  198.5  1°  ig' 

2.0  198.2  51' 

3.0  1980  38' 

4.0  197.8  31' 

50  197.7  26' 

1  f  we  connect  the  transformers  with 
primaries  and  secondaries  in  series  as 
shown  in  Fig.  1233  (a)  what  will  be 
tlie  effect  on  the  ratio?  What  will  be 
the  effect  on  the  phase  angle?  This 
question  is  discussed  briefly  in  the 
JouRNAi-  for  July,  191 1,  p.  645,  but  I 
would  like  a  more  complete  explana. 
tion.  T.  M.c.  (  MO.) 


Connecting  the  current  transformers 
as  shown  in  Fig.  1233  (s.)  serves  to  re- 
duce the  load  on  each  transformer  to 
approximately  one-half  the  total  load — 
tliat  is,  the  effect  will  be  approximately 
tlie  same  as  reducing  the  impedance  of 
the  secondary  circuit  to  one-half  its 
value,  witli  one  transformer.  Theoret- 
icallj-  tile  ratio  and  phase  angle  would 
both  lie  decreased  slightly,  the  same  as 
thougli  the  transformers  were  con- 
nected   separately  to   one-lialf   the   total 


coils  in  the  long  side.  The  star  ar- 
rangement in  general  is  preferable,  and 
the  dead  coils  should  be  distributed  as 
evenly  as  possible  around  the  machine. 
The  liorse-power  will  be  decreased,  be- 
cause  the   three-phase   current   per    ter- 


FIG.    1233(a) 

load.  However,  no  two  transformers  are 
exactly  alike,  and  consequently  the 
transformer  having  the  lower  ratio  and 
phase  angle  when  operated  separately 
will  have  a  greater  voltage  on  its  sec- 
ondary windings.  In  sonic  cases  the  im- 
pedance of  tlie  transformers  is  a  large 
part  of  the  impedance  in  the  secondary 
circuit,  and  in  such  cases  the  improve- 
ment in  regulation  will  not  be  as  great 
a-s  wlien  the  impedance  of  the  windings 
is  a  smaller  proportion  of  the  total. 

w.  R.  w. 

1234 — Changing  Inducton  Motor 
from  Two  to  Three-Phase  -  We 
have  a  20  horse-power,  two-phase,  220 
volt  induction  motor  with  four  poles, 
48  coils,  48  slots  with  lap,  diamond 
winding.  Each  phase  has  24  coils  in 
series.  It  is  desired  to  change  this 
motor  to  20  horse-power,  three-phase. 
220  volts  without  rewinding.  It  is  our 
opinion  that  this  can  be  done  by  tap- 
])ing  pliase  B  of  the  tvvo.pliase  wind- 
ing to  the  center  of  phase  A,  as  shown 
in  Fig.  1234(a),  and  cutting  out  four 
coils  in  phase  B  as  shown  by  A'.  An- 
other method  that  has  been  thought  of 
is  to  connect  the  winding  in  Y  by  cut- 
ting out  two  coils  in  each  phase  of  the 
V  connection  as  at  X-  W'e  believe  that 
there  will  then  be  128  volts  across 
each  phase  with  220  volts  applied  at 
the  three  terminals.  Is  this  correct? 
.As  at  present  connected  for  two-phase 
there  are  24  coils  across  220  volts,  or 
9.1  volts  per  coil.  Connecting  14  coils 
in  each  phase  across  .  128  volts  as 
shown  gives  the  same  drop  per  coil.  Is 
this  reasoning  correct,  and  which  of 
the  two  methods  of  connecting  do  you 
recommend?  1,.  H.  w.(OHlo) 

F.ither  of  these  connections  will  work, 
!)ut  the  T  connection  is  objectionable, 
because  it  unbalances  the  currents.  The 
current  in  the  high  phase  will  probably 
he  20  percent  greater  than  in  the  low 
phase,  as  standard  motors  are  usually 
wound.  The  short  side  of  the  T  should 
have    approximately   86    percent    of    the 
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FIG.   1234(a) 

minal  is  higher  than  the  two-phase. 
Either  of  these  connections  reduces  the 
capacity  and  gives  poorer  ])erformance 
as  regards  efficiency,  power- factor  and 
torque.  A.  M.  D. 

1235 — Reverse  Phase  Relay  Magnet — 

1 'lease  explain  the  electrical  operation 
of  a  General  Electric  reverse  phase 
relay  magnet  such  as  used  in  alter- 
nating current.  H.  M.  x.  (nkw  vork) 
.\  reverse  phase  relay  is  essentially  an 
induction  motor  arranged  in  the  form 
of  plunger  type  relay.  The  moving  cle- 
ment consists  of  aluminum  tube  sur- 
rounding an  iron  core,  and  in  turn  sur. 
rounded  by  a  two-coil  solenoid,  the  coils 
lieing  insulated  from  each  other  and 
connected  across  different  phases.  With 
correct  phase  rotation  the  Hux  from  the 
two  coils  is  in  opposition  and  there  is  no 
effect  on  the  ahiminnni  tube,  which 
therefore  remains  stationary.  If  one 
phase  is  reversed,  the  flux  from  the  two 
coils  is  cumulative  and  lifts  the  tube, 
which  in  turn  closes  the  tripping  circuit 
switch.  The  relay,  of  course,  can  be 
built  with  either  series  coils  or  with  coils 
designed  to  operate  from  the  second- 
aries of  current  transformers.  w.  D. 

1236 — Rectified  Alternating  Current — 

Is  it  possilile  ami  practicable  to  excite 
the  field  of  an  alternator  by  means  of 
its  own  rectified  currents?    T.  P.  (sask.) 

It  is  theoretically  possible  to  make  an 
alternator  self-exciting  by  means  of  its 
own  rectified  currents.  The  scheme  con- 
sists in  connecting  a  commutator  in 
shunt  with  the  armature  winding,  form- 
ing what  is  virtually  a  small  shunt- 
wound  direct-current  generator.  This 
method  has  never  become  commercially 
popular,  because  of  certain  inherent  de- 
fects regarding  voltage  regulation.  Any 
change  in  the  armature  load  or  power- 
factor  means  a  large  magnetizing  or  de- 
magnetizing   force    acting    on    the    field 


THE    ELECTRIC   JOURNAL 


493 


flux.  This  results  in  varying  voltage  on 
the  commutator,  because  these  machines 
have  unsaturated  magnetic  circuits  and 
consequently  variable  excitation  avail- 
able for  the  field.  The  regulation  under 
such  conditions  is  very  unstable.  The 
advent  of  the  automatic  voltage  regu- 
lators, making  it  possible  to  obtain  any 
voltage  regulation  at  any  power- factor, 
has  caused  the  development  of  self-ex- 
citing schemes  to  be  abandoned.        F.  T.  H. 

1237  —  Cleaning  Transformer  Water 
Coils — How  can  the  copper  water 
coils  of  a  water-cooled  transformer  be 
cleaned  when  they  become  coated 
with  a  muddy  substance  formed  by 
the  water?  There  is  a  good  deal  of 
iron  in  the  water.  c.  a.  a.  (minn.) 

A  common  method  of  cleaning  out  a 
clogged  cooling  coil  is  to  turn  live  steam 
and  a  little  boiling  water  into  it,  which 
in  many  cases  will  dislodge  the  deposit. 
If  there  are  substances  in  the  water 
which  chemically  unite  with  the  mate- 
rial of  the  cooling  coil,  it  may  be  a  more 
difficult  matter.  In  such  cases,  if  the  de- 
posit contains  substances  that  are  solu- 
ble in  acid,  filling  the  pipe  with  a  dilute 
solution  of  hydrochloric  acid  will  me- 
chanically disintegrate  the  scale  and 
make  it  an  easier  matter  to  dislodge  it 
with  steam,  or  perhaps  with  the  normal 
water  pressure.  The  coils  should  be 
well  washed  out  afterwards — which  the 
normal  flow  of  water  ought  to  accom- 
plish— in  order  to  prevent  chemical  ac- 
tion on  the  copper  pipe  itself.  To  pre- 
scribe definitely  the  best  way  of  clean- 
ing up  the  deposit  would  require  an 
analysis  of  the  deposit  in  the  pipe.  The 
prevention  obviously  would  be  to  purify 
the  water  before  it  is  used.  w.  M.  D. 

1238 — Unbalanced    Voltages  —  Single- 
phase    lighting   at   260   volts    is    taken 
from  the  phase  lines  to  neutral  of   a 
three-phase,  450  volt  circuit  with  the 
neutral  grounded  at  the  power  station. 
The  cables  are  three  core  paper  insu- 
lated  lead  covered,   and  the   lines  are 
tapped  to  the  lead  covering  for  a  neu- 
tral.    An   accident  caused  the  neutral 
connection  at  the  power  house  to  be- 
come broken,  leaving  all  the  lead  cov- 
erings of  the  cables  connected  but  in- 
sulated   from    ground.      The    load    on 
each    phase    was    unbalanced    as    fol- 
lows :      100 — 40   watt   lamps    A   to   X. 
200 — 40  watt  lamps  B  to  X.     300 — 40 
watt  lamps  C  to  X.     Please  calculate 
the  voltage  across  each  phase  to  neu- 
tral and  the  line  currents  in  each  in- 
stance. F.  v.  (England) 
The  resistance  of  the  circuits  contain- 
ing 100.  200  and  300 — 40  watt  lamps,  re- 
spectively, at  260  volts  is   168,  84.5   and 
56.3  ohms.     The  impressed  volts  may  be 
represented  by  the  three  sides,  AB,  BC 
and  CA  of  an  equilateral  triangle,  Fig. 
1238(a).     Assume   the   neutral   point   at 
O.     The  potential  drops   from  the  neu- 
tral to  the  lines  will  then  be  represented 
by  the  vectors  OA,  OB  and  OC,  respec- 
tively, the  voltage  between  lines  being  in 
each   case   the    vector    sum    of   the    two 
voltages  connected  in  series.     The  vectors 
representing  the  voltage  to  neutral  may 
be    analyzed    into    their    horizontal    and 
vertical  components  as  follows : — 
OA^  ~a  +jb  (/) 
OB  =  (45oXo.866-a)-|-j  (-0.5X450+*)  {2) 
0C  =  (450X0.866-0) +j  (0.5X450+'')    (3) 
Directions   to   the   right   and   upwards 
are  considered  positive.    The  currents  in 
the    three    branches    are    equal    to    the 
e.m.f.'s   divided   by   their    respective    re- 
sistances, hence. 


/oB 


7  -a  +  jb 

(jQO  -a)  +j  (-225  +  b) 
84 -S 
j^^   =   {3Q0  -  q)  +  J  (225  +  b) 

56.3 
Then    from    Kirchoff's    law,    that   the 
sum  of  the  current  flowing  toward  a  dis- 
tributing point  equals  zero,  we  have 
-a  +jb  _|_  (3Q0  -a)  +  j  (-225  +  b) 
169  84.5 

_^  (390  -a)  +  j  (225  +  b)  ^  Q 

56 -3 

Multiplying   by   28.15.   clearing   of   frac- 
tions and  collecting  similar  terms,  we  get 

— 6a  +  1950  +7  (6b  +  225)  =  0 
or,  since  the  real  and  imaginary  terms 
must  separately  equal  zero,  6a  ==  1950, 
a  =  325,  6b  —  —225,  h  =  — 37-5-  Substi- 
tuting these  values  for  a  and  b,  equa- 
tions (i),  (2)  and  (3)  may  be  evaluated 
as  follows:— O^  =  327  volts;  OB  = 
270  volts;   OC  =   198  volts.     Then  the 


FKs.  1238(a)  and  (b) 

current  in  OA  =:  327  -H-  169  =  1.93  am- 
peres ;  the  current  in  OB  =  270  -h-  84.5 
--=  3.2  amperes :  the  current  in  OC  ^ 
198  -^-  56.3  ^=  3.5  amperes.  The  nega- 
tive value  of  b  indicates  that  the  point 
O  actually  lies  on  the  opposite  side  of 
tlie  reference  line  from  that  assumed  in 
the  preliminary  diagram.  A  diagram 
drawn  to  scale,  representing  the  actual 
conditions  is  given  in  Fig.  l23S(b) .    C.  R.  R. 

1239 — Air  Moved  by  Fan — The  manu- 
facturers say  tliat  a  fan  with  pro- 
peller-shaped blades  running  at  450 
r.p.ni.  moves  26  000  cubic  feet  per 
minute.  If  this  fan  were  speeded  up 
to  650  r.p.m.  how  much  air  would  it 
move  ?  How  is  the  amount  of  air 
which  a  fan  will  move  figured  out? 
If  the  fan  required  two  horse-power 
to  run  it  at  450  r.p.m.,  how  much 
would  it  take  at  650  r.p.m.? 

w.  F.  p.  (n.  y.) 
The  volume  of  air  moved  by  a  given 
fan  varies  directly  with  its  speed.  In 
this  case  if  the  fan  delivers  26000  cubic 
feet  per  minute  at  450  r.p.m.,  then  at  650 
it  would  deliver  ^7  500.  The  power  re- 
quired varies  with  the  cube  of  the  revo- 
lutions per  minute,  hence  if  the  fan  re- 
(|uires  two  horse-power  at  450  r.p.m.  it 
will  require  six  horse-power  at  650 
r.p.m.  To  calculate  the  volume  of  air  a 
fan  will  deliver  is  a  difficult  matter,  as 
the  number  of  blades,  blade  shape, 
twist  and  form  of  surface  have  eft'ect,  so 
that  it  is  impossible  to  calculate  closely. 
However,  for  rough  work  the  following 
formulae  will  give  good  results  for  fans 
of  four  or  more  blades: — 
P  =  6.2S  r  tan  4> 

r  =  Radius  in  feet  to  point  where  <t>  is 
measured. 

0=  Angle  of  the    blade    surface  to  the 
plane  of  rotation  at  radius  r. 
P  =  Pitch  of  blades  in  feet. 
The  air  delivery  with  flat  blades  of  con- 
stant pitch  in  cubic  feet  of  free  air   per 
minute  =  o.7<?5  D-  N  P 


D  =  Overall  diameter  in  feet. 

N=Rev.  per  minute. 

P  =  Pitch  in  feet,  which  must  not  ex- 
ceed 2D. 

With  flat  blades  of  constant  angle,  the 
cubic  feet  of  free  air  per  minute  =  /. 65  tan 
•P  N  D\ 

0  =  Angle  blades  make  with  plane  rota- 
tion, which  must  not  exceed  45  degrees. 

£>  =  Overall  diameter  of  blades  in  feet. 

Two-bladed  fans  are  more  efficient, 
but  only  deliver  80  percent  as  much  air. 
If  the  blades  are  concave  use  the  angle 
or  pitch  figured  from  the  chord  from  the 
entering  to  the  trailing  edge  of  the 
l)lade.  Back  pressure  will  reduce  the  de- 
livery to  an  indeterminate  amount,  only 
to  be  found  by  test.  o.  S.  j. 

1240 — Pull-Out  Torque — Statement  is 
made  by  some  authorities  that  the 
maximum  torque  for  a  single-phase 
synchronous  motor  is  much  greater 
than  for  a  squirrel-cage  induction 
motor  of  the  same  horse-power  rat- 
ing. We  have  found  many  curves  for 
tlie  induction  motor,  but  cannot  find 
any  for  the  synchronous  motor.  Please 
give  comparative  torque  or  pull-out 
curves.  A.  L.  J.  (calif.) 

The  general  statement  cannot  be  made 
that  one  class  of  motors  has  a  larger 
pull-out  torque  than  others,  because  the 
pull-out  torque  that  a  motor  may  have 
is  entirely  a  matter  of  design  and  may 
be  made  to  vary  over  a  wide  range. 
Considering  the  average  machines  of 
both  classes,  it  might  be  said  that  the 
pull-out  torque  of  induction  motors  will 
be  from  2  to  2.5  times  normal  torque, 
and  for  synchronous  motors  with  fields 
excited  for  80  percent  leading  power- 
factor  at  full  load  will  be  approximately 
double  normal  load.  The  fundamental 
principle  of  operation  of  synchronous 
machines  and  induction  machines  are 
different,  in  that  the  synchronous  ma- 
chine operates  best  when  its  excitation 
is  supplied  from  its  field  exciting  wind- 
ing, while  an  induction  machine  is 
always  self-excited.  Because  of  this  fea- 
ture the  synchronous  machine  has  no 
one  definite  torque  curve  in  the  sense 
that  the  induction  motor  has.  r.  T.  h. 

1241 — Grounding  Lightning  Arresters 

— Is  it  good  practice  to  make  the 
ground  connection  for  lightning  ar- 
resters at  trolley  line  sub-stations  by 
connecting  to  the  ground  return  cable? 
The  arresters  in  question  are  on  the 
outgoing  feeders  and  are  intended  to 
protect  the  rotary  converters.  If  this 
ground  connection  is  not  recommended 
please  state  the  objections  to  it. 

w.  w.  A.  (pa.) 
The  proper  practice  with  any  light- 
ning arrester,  including  those  used  for 
street  railway  protection,  is  to  ground 
the  arrested  thoroughly  to  the  ground  it- 
self. If  the  ground  return  cable  is  itself 
well  groimded  with  a  special  ground  the 
lightning  arrester  can  be  connected  to  it 
properly  with  good  results.  If,  how- 
ever, the  ground  return  cable  is  grounded 
only  through  the  fact  that  it  is  con- 
nected to  the  rails,  this  would  not  mean 
that  it  would  provide  an  adequate 
ground  for  the  lightning  arrester.  This 
is  due  to  the  fact  that  the  rail  is  fre- 
quently well  insulated  from  ground  by 
the  ties  and  roadbed,  while  in  itself  it 
provides  a  path  of  comparatively  high 
impedance,  due  to  the  fact  that  its  ma- 
terial is  iron  and  the  discharge  must 
travel  out  throu.gh  a  long  sin.gle  con- 
ductor instead  of  spreading  in  all  direc- 
tions, as  would  be  the  case  when  a 
ground   plate   was  used.     It  would   also 
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be  objectionable  to  use  the  ground  re- 
turn calile  as  the  ground  for  the  light- 
ning arrester  if  the  former  provides  a 
long  and  circuitous  path  or  if  it  is  in- 
stalled in  iron  conduit.  A  good  ground 
connection  should  not  only  have  a  very 
low  resistance  and  be  of  non-magnetic 
material,  but  it  should  also  jirovidc  as 
straight  a  path  as  possible  and  be  as  free 
as  possible  from  impedance  due  to  turns 
and  bends  or  the  proximity  of  iron. 

Q.  A.  B. 

1242 — Transformer    C  o  n  n  e  ct  ions  — 

Please  give  me  a  vector  diagram  of 
the  circuits  shown  in  Figs.  1242(a), 
(b)  and  (c),  for  taking  single-phase 
currents  from  three-phase  service, 
transformer  ratio  2200  to  6600  volts. 
Do  these  connections  change  the  fre- 
quency of  the  delivered  or  secondary 
power,  and  if  so.  what  will  the  fre- 
quency be  ?  Will  the  connections  shown 
in  Fig.  1242(c)  work  satisfactorily, 
and  if  so,  what  percent  of  the  trans- 
former rating  can  be  taken  from  the 
secondary  ?  E.  i..  n.  ( cmav.  ) 

For  a  general  answer  to  this  question 
sec  article  by  B.  G.  Lamme  on  "Single- 
Phase  Loads  from  Polyphase  Circuits" 
in  the  Journai,  for  June,  1915;  also 
questions  1080  and  loio.  The  vector  dia- 
grams requested  are  given  in  Figs. 
1242(d),  (e)  and  (f).  In  Fig.  1242(d) 
the  secondary  voltage  E  =  6600  -+-  2  X 
6600    COS.    60    degrees    =    13  200    volts. 


FIGS.   1242(a)    to    (f) 

With  unity  power-factor  of  load,  the 
secondary  current  in  windings  fg  and  dc 
will  be  60  degrees  out  of  phase  with  the 
voltages  in  these  windings.  While  the 
current  will  be  the  same  in  all  phases 
of  the  primary,  the  jdiase  relations  will 
be  such  that  the  effect  on  the  regulation 
of  the  lines  and  the  heating  eflfect  in  the 
generator  will  be  worse  than  if  a 
straight  single-phase  load  were  taken 
from  one  of  the  phases.  Voltage  E  in 
Fig.  1242(e)  will  be  zero.  In  other 
words,  the  secondaries  are  connected  in 
an  ordinary  delta  connection  with  each 
of  the  phases  reversed.  In  Fig.  1242(f) 
the  voltage  between  points  h  and  /  will 
be  2  X  6600  COS.  .•jO  degrees  =  1 1  420 
volts.  The  voltage  cd  will  be  at  right 
angles  to  the  voltage  lif.  and  is  so  small 
as  to  produce  practically  no  effect. 
Ilencc,  the  voltage  E  will  be  also  ap- 
proximately 1 1 420  volts.  So  far  as 
operating  characteristics  are  concerned 
the  i.s  kw  transformer  on  phase  a  might 
as  well  be  totally  disconnected.  .-Mso  it 
is  quite  probable  that  the  11  420  volts 
impressed  on  the  secondary  will  break 
down  the  insulation.  The  frequency  of 
the  delivered  power  will  not  be  changed 
in  any  way  from  that  of  the  primary. 

c.  R.  R. 

1243 — Synchronous  Motor — (a)  Under 
what  conditions  of  excitation  (nor- 
mal, under  or  over  excitation)   will  a 


synchronous  motor  be  most  easily 
thrown  out  of  step  (i)  due  to  sudden 
overload  (2)  due  to  low  voltage 
caused  by  a  short  circuit  on  the  sup- 
ply system?  (h)  Under  what  condi- 
tions of  excitation  will  a  synchronous 
generator  he  most  easily  thrown  out 
of  step  due  to  a  short  circuit  on  the 
sjstem  to  which  it  is  supplying  only 
part  of  the  power?  (c)  In  a  short- 
circuit  test  on  an  alternating-current 
generator  it  was  desired  to  use  the  60 
cycle  switchboard  ammeters  when  the 
machine  was  running  at  a  speed  giv- 
ing only  five  or  ten  cycles.  In  what 
direction  and  to  what  extent  would 
the  meters  be  incorrect,  due  to  using 
the  current  transformers  and  meters 
at  this  frequency?  H.j.  B.  (CAUF.) 

(a)  A  synchronous  motor  is  most 
easily  thrown  out  of  step  when  it  is 
under-excited.  With  this  condition  a 
voltage  drop  and  an  overload  will  either 
cause  the  motor  to  hunt  badly,  or  to 
drop  out  of  step  immediately;  both  of 
these  conditions  having  nearly  the  same 
effect.  If  the  motor  operates  at  a  lead- 
ing power-factor  and  is  consequently 
over-excited,  it  has  a  reserve  capacity  in- 
suring it  against  excessive  hunting  or 
dropping  out  of  step,  with  normal  oper- 
ating tUictuations. 

(b)  The  keeping  in  step  or  in  parallel 
with  the  rest  of  the  system  in  an  alter- 
nating-current generator  is  not  depend- 
ent primarily  on  the  excitation,  but  is 
dependent  on  the  prime  mover  driving 
the  generator  at  rated  speed.  With  a 
short  circuit  on  the  supply  system,  the 
short-circuit  current  would  be  practi- 
cally ()0  degrees  o>it  of  phase  and  would 
have  no  tendency  to  pull  the  generator 
out  of  step  if  the  voltage  is  maintained. 

(c)  When  current  is  measured  by  a 
60  cycle  switchboard  ammeter  at  ten 
cycles  the  torque  produced  is  not  suf- 
ficient to  deflect  the  needle  the  proper 
amount.  At  five  cycles  the  needle  will 
vibrate,  but  will  .give  no  definite  read- 
ing. The  reading  at  ten  cycles  is  much 
less  than  the  actual  value,  but  how  much 
less  it  is  impossible  to  state  without 
calibrating   the  ammeter.  R.  K. 

1244 — Three-Phase     Regulators  —  We 

have  a  number  of  three-phase  induc- 
tion regulators  which  are  being  used 
to  regulate  the  voltage  on  three-phase 
balanced  feeders,  and  an  emergency 
bus  which  we  would  like  to  use  for 
disconnecting  the  regulator  and  oil 
circuit  breaker  to  make  repairs  with- 
out causing  an  interruption.  The  con- 
nections shown  in  Fig.  1244(a)  were 
tried,  but  it  was  found  that  a  heavy 
circulating  current  in  the  closed  cir- 
cuit, which  we  assumed  to  be  due 
to  phase  displacement,  caused  either 
or  both  circuit  breakers  to  open.  The 
emergency  bus  was  phased  out  with 
the  fee'.ler  before  closing  the  switches. 
Is  there  any  scheme  for  disconnect- 
ing three-phase  regulators  without  in- 
terrupting the  service?  Please  show 
relation  of  voltages  and  currents  vec- 
torially.  F.  F.  A.  (oxT.) 

There  is  no  way  of  cutting  out  a  three- 
phase  regidator  without  opening  the  cir- 
cuit unless  additional  apparatus  is  used. 
This  is  due  to  the  fact  tliat  a  three-phase 
regulator  re.gulates  by  shifting  the  jihase 
and  not  by  increasing  or  decreasing  the 
voltage  in  the  series  coils  of  the  regu- 
lator as  is  done  in  a  single-phase  regu- 
lator.   In  Fig.  1244(b)  A,  B  and  C  rep- 


resents the  bus  voltage,  and  AA',  BB' 
and  CC  represent  the  voltages  of  the 
three  series  coils  of  the  regulator.  These 
voltages  are  practically  constant,  but  re- 
volve about  the  points  .-/,  B  and  C.  re- 
spectively, as  shown  by  the  doited  lines. 
.)',  B'  and  C  represented  the  regulated 
tliree-phase  voltage.  Even  when  A,  B. 
and  C  are  equal  to  A' ,  B'  and  C.  if  A 
and  A'  are  joined  it  is  equivalent  to 
short  circuiting  the  voltage  AA'.  which, 
in  a  ten  percent  regulator,  is  equal  to  ten 
percent  of  the  line  voltage  divided  by 
V3.  Several  schemes  can  be  used  to  cut 
out  a  three-pliase  regulator  under  load 
without  opening  the  circuit.  ( i )  By  the 
use  of  a  spare  regulator  on  the  cmer- 
.gency  bus.  First  turn  both  regulators  to 
the  same  positions.  Then  connect  the 
spare  regulator  in  jiarallel  with  the 
feeder  regulator.  Open  the  series  wind- 
ings of  the  feeder  regulator.  Open  the 
primary  of  the  feeder  regulator  and  dis- 
connect it  entirely.  (2)  By  the  use  of  a 
three-phase  booster  transformer.  The 
transformer  should  have  three  series 
coils  having  the  same  voltage  as  the 
series  coils  of  the  regulator.  Turn  the 
regulator  so  that  the  feeder  voltage  has 
the  same  phase  as  the  emergency  bus 
voltage  alter  jiassing  through  the  booster 
transformer.  Then  disconnect  it  the 
same  as  when  a  spare  regulator  is  used. 
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FIG.  1244(a)  and  (b) 

( ,i )  By  the  use  of  a  preventive  resist- 
ance. Use  a  resistance  having  a  k.v.a.  ca- 
pacity equal  to  that  of  the  regulator.  Con- 
nect the  resistance  in  parallel  with  the 
primary  of  the  regulator  so  that  the  re- 
sistance takes  a  current  approximately 
e(|uivaleut  to  that  corresponding  to  the 
k.v.a.  rating  of  the  regulator.  Discon- 
nect the  primary  of  the  regulator  from 
the  line.  Short  circuit  each  of  the  three 
series  coils  of  the  regulator  and  discon- 
nect the  regulator  entirely.  The  first 
method,  with  a  spare  re.gulator.  is  to  be 
lireferred.  although  the  initial  cost  is 
iiigher.  However,  a  standard  regulator 
is  used,  while  with  the  other  scheme  the 
additional  apparayj^-tn  special  and  can- 
not be  used  fur  rjxulating  purposes.      E.  I.. 

1245 — Testing  for  Grounds — When  a 
coil  in  a  delta  connected  three-phase 
primary  is  grounded,  what  is  the  best 
uKthod  to  locate  this  grounded  coil 
without  disconnecting  the  phases  or 
groups?  E.  s.  v.  (TEX.) 

If  a  low  resistance  or  "dead"  ground 
is  present,  the  only  method  of  determin- 
ing its  location  is  by  taking  the  resist- 
ance from  each  coil  to  ground.  This  can 
lie  done  by  removing  the  tape  at  the  end 
of  each  coil  or  by  sticking  a  fairly  heavy 
pin  through  it  in  such  a  maimer  as  to  get 
a  good  contact  in  each  case.  When  a 
high-resistance  ground  is  suspecte<l.  its 
approximate  location  may  be  determined 
by  observing  the  smoke  that  will  be  de- 
veloped when  a  suitable  voltage  is  ap- 
plied between  the  winding  and  ground. 

F.  L.  B. 
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PERSONALS 
Mr.  M.  C.  AIcNeil,  who  has  been  as- 
sociated with  the  sales  department  of  the 
Westinghouse  Machine  Company  as 
commercial  engineer  lor  the  past  six 
years,  has  resigned  to  become  assistant  to 
the  president  and  general  manager  of  the 
Osgood  Company,  of  Marion.  O.,  makers 
of  steam,  electric  and  gas  power  shovels. 


Mr.  H.  O.  Swoboda.  the  well-known 
Pittsburgh  consulting  engineer,  has  been 
retained  as  consulting  engineer  for  the 
Spengler-Loomis  Manufacturing  Com- 
panj-,  Chicago,  111.  The  company  is  tak- 
ing up  tlie  manufacture  of  electrical 
heating  appliances.  Mr.  Swoboda  has 
had  an  extended  experience  not  only  as 
a  consulting  engineer,  but  as  an  expert 
in  the  design  and  manufacture  of  elec- 
trical heating  apparatus. 


Mr.  Guy  E.  Tripp,  chairman  of  the 
board  of  directors  of  the  Westinghouse 
Electric  &  Mfg.  Company,  has  been 
elected  a  director  of  the  Chase  National 
Bank  of  New  York  City. 


Mr.  William  C.  W.  Beattie,  formerly 
of  the  New  York  office  of  the  Sprague 
Electric  Works,  is  now  industrial  engi- 
neer for  the  American  Rotary  Valve 
Company,  with  offices  at  30  Church 
street.  New  York  City. 


Dr.  W.  S.  Franklin,  professor  of 
physics  of  Lehigh  University.  Bethle- 
hem. Pa.,  has  resigned.  Dr.  Franklin 
is  plannin.g  an  extensive  tour  of  Amer- 
ican universities  and  engineering  schools 
to  give  a  series  of  experimental  and 
theoretical  lectures. 


Mr.  Williston  Fish  has  been  elected 
vice-president  in  charge  of  railway  oper- 
ations for  the  West  Penn  Traction 
Company  of  Pittsburgh.  Mr.  Fish  has 
had  a  broad  and  varied  experience  in  the 
traction  field.  He  began  street  railway 
work,  after  graduating  from  West  Point 
and  having  served  in  the  Fourth  U.  S. 
Artillery  as  first  lieutenant  at  San  Fran- 
cisco, St.  Paul  and  New  London,  Conn., 
with  the  South  Chicago  Street  Railway 
as  assistant  to  the  president ;  he  studied 
law  at  Judge  Moran's  Night  School  and 
was  admitted  to  the  bar  and  became 
assistant  counsel  for  the  company.  In 
1899  he  was  made  assistant  to  Jesse 
Spalding,  president  of  the  Chicago  Union 
Traction  Company,  and  in  1901  assistant 
to  John  M.  Roach,  president  of  the  Chi- 
cago L'nion  Traction  Company  and  Chi- 
cago Consolidated  I'raction  Company. 
He  had  charge  for  the  Chicago  Union 
Traction  Company  of  the  valuation  of 
its  properties  in  1905  and  1906  in  con- 
nection with  the  Chicago  settlement  or- 
dinances and  represented  the  compan\' 
before  the  commission  composed  of 
Messrs.  Arnold,  Cooley  and  Du  Pont. 
Later  he  took  part  in  the  valuation  and 
ordinance  settlement  for  that  part  of 
the  Chicago  Consolidated  Traction  Lines 
within  the  City  of  Chicago  and  in  the 
takin.g  over  of  these  lines,  amounting  to 
128  miles,  by  the  Chicago  Railways  Com- 
pany. In  igi2  he  became  vice-president 
and  general  manager  of  the  Chicago 
Railways  Company,  and  in  1913  was 
made  vice-president  of  the  combination 
of  the  Chicago  Railways  Company  and 
the  Chicago  City  Railways  Company, 
known  as  the  Chicago  Service  Lines.  In 
May,  1914,  he  resigned  to  become  vice- 
president  and  comptroller  of  the  West 
Penn  Traction  Company,  and  on  August 
I,  1915,  was  elected  to  his  present  position. 


"NORM.V   BALL   BEARINGS    NOW 
MADE  IN  AMERICA 

Among  the  mony  pre-conceived  no- 
tions which  have  been  dispelled  as  a  re- 
sult of  the  European  war,  not  the  least 
well  grounded  was  the  belief  that  it 
was  impossible  for  American  shops  and 
American  workmen  to  produce  bearings 
equal  in  iiuality,  precision  and  uniform- 
ity to  the  imported  bearings.  However, 
the  shutting-off  of  the  supply  of  im- 
ported bearings  created  a  situation  in 
American  industries  which  demanded 
relief,  and  American  mechanical  genius 
has  proved  equal  to  the  emergency. 
Among  those  bearing  importers  seri- 
ously affected  by  the  outbreak  of  the 
war  was  The  Norma  Company  of  Amer- 
ica, organized  in  igii  to  handle,  in 
America,  the  product  of  the  Norma 
Compagnie  of  Cannstatt,  Germany.  The 
"Norma"  line  is  probably  the  most  ex- 
tensive in  the  anti-friction  bearing  field, 
including  single  and  double  annular  Ijall 
bearings  in  all  sizes  from  the  smallest 
to  the  largest ;  roller  bearings  in  all 
standard  ball  bearing  sizes ;  single  and 
double  ball  thrust  bearings  in  all  sizes 
and  a  variety  of  types :  combined  an- 
nular ball  and  ball  thrust  units :  and 
combined  roller  and  ball  thrust  bearings. 
Very  shortly  after  the  introduction  of 
the  "Norma"  ball  bearing  in  this  coun- 
try, its  recognized  high-speed  qualities — 
the  result  of  its  extreme  precision  and 
silent-running  character — led  to  its  adop- 
tion practically  as  the  standard  bearing 
by  most  of  the  makers  of  high-grade 
magnetos.  And  it  was  but  a  logical  de- 
velopment of  this  magneto  experience 
that  "Norma"  bearings  soon  came  to 
hold,  among  makers  of  lighting  gen- 
erators and  starting  motors,  the  same 
pre-eminent  position  that  had  been  ac- 
corded them  by  magneto  manufacturers. 
And  today  the  name  "Norma"-equipped 
is  found  as  a  characteristic  of  all  elec- 
trical automobile  accessories  of  the  bet- 
ter class.  As  early  as  1912,  the  Norma 
Company  of  America  had  anticipated 
the  necessity'  for  making  "Norma"  bear- 
ings in  America ;  and  a  small  shop  was 
established  for  preliminary  and  experi- 
mental work  with  a  view  to  determining 
whether  American  methods  and  mate- 
rials could  together  produce  bearings 
equal  to  the  imported  article.  The  re- 
sults were  so  gratifying  that  the  shop 
activities  of  the  company  were  gradually 
extended  and  the  facilities  enlarged,  pri- 
marily with  a  view  to  meeting  emer- 
gency demands  where  the  imported  bear- 
ings were  not  immediately  available. 
The  outbreak  of  the  war.  and  the  subse- 
quent inability  to  obtain  German-made 
goods,  for  a  time  promised  to  affect  the 
business  of  the  Norma  Company  seri- 
ously. Fortunately,  however,  the  com- 
pany was  well  stocked  with  bearing  sizes 
having  the  largest  demand,  and  had  sev- 
eral large  shipments  in  transit.  These 
sntficed  to  tide  over  the  situation,  practi- 
cally without  any  hardship  to  the  trade, 
until  the  .American  factory  could  be  en- 
larged to  meet  the  demand.  The  pre- 
liminary sta.ges  in  manufacture  having 
long  been  passed,  enlargement  of  pro- 
ductive facilities  consisted  simply  in  the 
getting  together  of  the  men  and  ma- 
chinery and  materials  necessary  for 
operation  on  a  larger  scale.  This  exten- 
sion has  been  in  progress  for  several 
months,  and  will  continue  so  long  as  the 
demand  for  "Norma"  bearings  promises 
to  exceed  the  supply.  The  Norma  Com- 
pany now  has  a  most  efficient,  com- 
pletely    equipped     and     up-tOrdate     ball 


bearing  factory,  turning  out  thousands 
of  bearin.gs  daily  in  every  way  equal  to 
the  high-precision  imported  "Norma" 
bearings  which  introduced  a  new  stand- 
ard in  .\merica.  And  this  factory  is 
being  steadily  enlarged  and  increased 
in  capacity,  to  keep  pace  with  the  grow- 
ing demand  for  speed  bearings  of  the 
"Norma"  standard.  "Norma"  bearings, 
liowever,  are  not  limited  in  their  use  or 
application  to  automobile  acces.sories. 
They  have  found  increasing  adoption  in 
many  other  lines  where  service  capacity 
combined  with  speed  qualities,  silent 
running  and  liigh  precision,  is  funda- 
mentally required.  The  successful  out- 
come of  the  Norma  Company's  manu- 
facturing enterprise  is  not  only  a  tri- 
umph for  .American  methods,  materials 
and  mechanics,  but  is  also  an  assurance 
that  the  dearth  of  high-grade  imported 
liearings  will  not  react  disadvantage- 
(lusly  on  the  quality  of  American  ma- 
chinery by  forcing  the  use  of  inferior 
anti- friction  bearings. 


STREET  CAR  FARES 

The  Bay  State  Street  Railway  Com- 
pany of  Boston  lias  hurled  a  bomb  into 
the  heart  of  that  placid  city.  It  has  an- 
nounced to  the  public  service  commis- 
sion that  it  will,  on  November  i,  read- 
just its  tariff  schedules.  Instead  of  a 
five-cent  fare,  it  will  ask  six  cents ;  it 
will  curtail  transfer  privileges,  abolish 
reduced  rate  tickets  and  make  other 
minor  changes.  These  will  all,  however, 
have  to  receive  the  indorsement  of  the 
commission  before  they  become  opera- 
tive. The  reason  given  for  the  proposed 
increases  is  that  the  company  must  have 
more  revenue  to  meet  its  constantly 
growing  expenses. 

The  action  of  the  Massachusetts  com- 
pany, which  operates  over  a  large  terri- 
tory, may  be  taken  as  a  shadow  that  pre- 
cedes coming  events  in  other  cities.  The 
argument  tliat  holds  .good  in  Boston  will 
apply  elsewhere  with  equal  force.  In 
recent  \'ears  the  cost  of  producing  street 
transportation  and  interurban  communi- 
cation by  trolle_v  lines  has  increased  to 
an  enormous  extent.  The  public  de- 
mands much  more  than  it  formerly  did 
in  tlie  way  of  convenience,  speed  and 
comforts,  and  in  more  than  one  cit}-  pas- 
sengers are  carried  at  a  loss  or  at  a 
profit  that  is  confessedh"  too  small. 

Tliat  something  should  be  done  to 
firing  about  a  readjustment  of  street  car 
fares  is  acknowledged  by  all  fair-minded 
persons,  and  the  zone  system,  as  that  is 
observed  abroad,  is  the  one  generally 
looked  upon  with  favor.  The  short  haul 
sliould  be  made  for  less  than  five  cents 
and  the  longer  one  in  proportionate 
^unis.  There  is  something  manifestly 
unfair  in  a  straight  five-cent  fare  to  a 
lioint  several  miles  from  a  cit}''s  center. 
The  man  who  goes  to  the  more  remote 
point  should  be  willing  to  pay  a  greater 
sum  than  the  man  who  goes  onlj-  one- 
third  of  that  distance.  Transfers  should 
be  granted  for  a  small  additional  sum. 

We  have  simply  grown  up  to  the  idea 
that  five  cents  straight  is  the  proper 
street  car  fare  all  over  a  city,  with  uni- 
versal transfers.  Companies  that  aim  to 
meet  all  requirements  of  their  patrons 
cannot  maintain  their  service  at  a  profit 
and  stick  to  the  old  idea.  The  size  of 
the  fare  should  be  governed  b}'  the  dis- 
tance covered,  and  the  miniiuinii  should 
be  less  than  five  cents  and  the  maximum 
what  is  fair  and  reasonable. — .\n  Edi- 
torial in  the  Pittsburgh  Sun  for  Septem- 
ber i.^  1915, 
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FARGO  "A"  TYPE  GROUNDING 
DEVICES 

A  grounding  device  or  earth  connec- 
tion, which  will  make  a  reliable  means 
of  joining  the  ground  wire  with  a  posi- 
tive contact  to  a  circuit  carried  to  per- 
manent damp  earth,  has  been  wanted  by 
engineers  for  a  long  time.  With  the 
F.  M.  C.  grounding  devices  the  wire  is 
always  carried  down  to  damp  earth,  as 
tests  are  first  made  as  to  the  depth  to 
reach  the  damp  earth,  and  then  the  pipe 
and  wire  is  made  up  the  right  length. 
One  of  the  new  features  of  this  device 


The  W'estinghouse  Lamp  Company 
has  published  the  fourth  of  its  series 
of  salesmen's  lamp  handbooks,  entitled 
"The  Mazda  C  Lamp."  This  is  believed 
to  be  the  first  attempt  to  treat  this  sub- 
ject from  a  non-technical  standpoint  in 
sufficient  detail  to  give  the  essential 
facts  regarding  their  manufacture  and 
application. 


NEW  BOOKS 

'Public  Utilities— Their  Fair  Present 
Value  and  Return" — Hammond  V. 
Hayes.  203  pages,  5x8.  Published  by 
D.  Van  Nostrand 
Company.  New 
>'  o  r  k.  Price 
$2.00. 

This  book  sup- 
I'lements  the  au- 
llior's  previous 
work  p  u  b 1 i  shed 
.ihout  one  year  ago 
u  n  d  e  r  the  title, 
"Public  Utilities— 
Their  Cost  New, 
Less  Deprecia- 
tion," and  contains 
a  very  interesting 
rxposition   of   the- 


tion  of  complex  problems  is  only  begin- 
ning to  be  appreciated  by  the  engineer- 
ing profession  as  a  whole.  The  methods 
of  preparing  such  charts  are  treated  in 
detail  by  Prof.  Peddle.  The  first  chap- 
ter deals  with  charts  plotted  on  rectan- 
gular co-ordinates,  but  most  of  the  book 
is  given  up  to  a  discussion  of  alignment 
and  proportional  charts,  the  preparation 
and  use  of  which  are  illustrated  fully  by 
practical  diagrams.  There  is  also  an  ex- 
cellent chapter  on  the  derivation  of  an 
emperical  equation  from  a  curve  plotted 
from  test  data.  The  preparation  and  use 
of  three  dimensional  charts  and  solid 
models  are  treated  in  the  final  chapter. 

c.  R.  R. 


LOW  CAPACITY  66000  VOf-T 
SUB-STATION 

The  accompanying  cut  pictures  a  low 
capacity  66000  volt  sub-station  devel- 
oped and  built  by  the  Railway  and  In- 
dustrial Engineering  Company.  Pitts- 
burgh, Pa.  The  station  shown  is  at  Ber- 
gen, N.  Y.,  and  is  one  of  the  several  on 
the  lines  of  the  Niagara,  Lockport  and 
Ontario  Power  Company  used  to  serve 
power  to  various  towns.  At  the  Bergen 
-■■tation  there  arc  at  present  installed  two 


A      TYPE   GROUNDING   DEVICE,   CONNECTED    AND    DISCONNECTED 


A      TYPE  GROUND   POINT 

is  the  arrangement  for  disconnecting  the 
ground  device  for  test,  as  shown  in  the 
accompanying  illustrations.  The  con- 
nection is  effected  by  compression  which 
is  sufficient  to  force  the  wires  into  each 
other,  forming  a  cold  weld.  These  con- 
nections have  stood  strain  tests  up  to 
40000  lbs.  per  square  inch  before  the 
grips  let  go.  These  coimections  arc 
made  in  several  sizes  for  different  size 
of  ground  wires  and  ground  pipes.  One 
of  the  ground  points  is  also  illustrated 
in  section  showing  the  cold  weld.  It  is 
stated  that  these  devices  have  proven 
very  satisfactory  in  the  prevention  of  in- 
jury to  station  and  sub-station  apparatus, 
as  they  keep  the  resistance  to  ground 
down  to  a  minimum,  and  thus  there  is 
little  chance  of  a  plant  or  circuit  being 
put  out  of  service  due  to  poor  ground 
contacts.  These  devices,  as  well  as 
ground  plates  and  various  connecting  de- 
vices, are  being  placed  on  the  market  by 
the  Fargo  Manufacturing  Company,  of 
Poughkeepsie,  N.  Y. 


The  Chicago  office  of  the  Westing- 
house  Lamp  Company  has  been  removed 
from  39  South  La  Salle  street  to  the 
Conway  Building,  Clark  and  Washing- 
ton streets. 


Edward  R.  Ladew  Company,  Inc.,  of 
Glen  Cove,  N.  Y.,  has  recently  published 
a  book,  entitled  "The  House  of  Ladew," 
describing  and  illustrating  its  various 
types  of  leather  belting,  belt  cements, 
preservatives,  etc.,  along  with  price  lists 
for  the  various  sizes.  Copies  of  this 
booklet  will  be  sent  on  request. 


ories  of  valuation. 
The  valuation 
problem  is  still  a 
long  ways  from 
that  stage  where 
the  engineer,  econ- 
omist and  man- 
agers all  agree 
upon  all  the  ifrin- 
ciples  involved.  In 
this  supplementary 
edition,  the  author 
sets  out  some  new 
thoughts  that  are 
of  recent  develop- 
ment. It  will  pay 
every  student  of 
the  regulation  to 
examine  the  logic 
employed  in  the 
treatment  of  the 
different  phases.  In 
the  first  chapter 
the  author  explains 
wherein  the  con- 
troversies over  the 
different  elements  occur,  follows  with 
chapters  on  the  Ascertainment  of  Fair 
Present  Value;  Fair  Rate  of  Return; 
Replacement  Cost ;  Actual  Original 
Cost ;  Going  Value  and  Depreciation ; 
with  his  views  as  to  best  method  of  ar- 
riving at  the  proper  results.  e.  d.  d. 


"The  Construction  of  Graphical  Charts" 
— John  B.  Peddle.  109  pages,  6x9 
inches ;  58  illustrations.  Published  by 
the  McGraw-Hill  Book  Company,  New 
York.  Price  $1.50. 
The  value  of  charts  of  various  kinds 

in  the  saving  of  time  and  the  simplifica- 


25  kw,  66  000  volt  Westinghouse  trans- 
formers, but  the  platform  on  the  steel 
structure  is  arranged  so  that  the  third 
transformer  can  be  installed  later  when 
the  load  is  increased.  The  switching 
and  protective  apparatus  consists  of  a 
standard  "oooo  volt  Burke  horn  gap 
switch  and  Burke  horn  gap  lightning 
arrester,  choke  coil  and  fuse.  The  sta- 
tion is  complete  in  every  respect,  but 
very  simple  and  compact,  all  of  which  is 
necessary  for  a  station  of  the  low  ca- 
pacity, where  the  initial  investment  must 
be  kept  at  a  minimum  in  order  to  return 
a  proper  income. 
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Popularizing 


One   ui    the   important    factors   to   be 


Service 


reckoned  with  in  securing  more  ex- 
Electric  tended  use  of  electric  service  by  the 
general  public  is  the  elimination  of  the 
impression  that  there  is  something 
mysterious  and  unknowable  about  things  electrical.  It 
is  trvie  that  electrical  energy  has  only  more  recently  been 
utilized  on  a  large  scale  as  compared  with  water,  gas, 
oil,  steam  and  other  similar  sources  of  light  and  power. 
Electrical  men  themselves  have  been  to  a  great  extent 
responsible  for  the  hazy  ideas  regarding  electric  service. 
Even  in  their  selling  talks  they  have  used  expressions 
which  were  confusing  to  their  prospective  customers. 
The  ordinary  small  manufacturer  and  the  householder 
are  not  interested  in  matters  of  load  and  diversity  fac- 
tors or,  even  for  that  matter,  in  maximum  demand  or 
kilowatt-hours.  They  may  want  a  certain  service  and 
be  willing  to  pay  at  a  reasonable  rate,  but  to  attempt 
to  educate  them  regarding  a  lot  of  technical  expressions 
is  not  only  confusing,  but  in  some  cases  disastrous  to  the 
sale  of  electric  service. 

There  should  be  no  more  mystery  about  an  electric 
meter  than  there  is  about  a  water  or  gas  meter.  As  far 
as  the  average  user  is  concerned,  water,  gas  and  elec- 
tricity should  be  supplied  on  as  nearly  the  same  basis  as 
possible.  Most  any  one  will  admit  that  it  is  necessary  to 
have  some  means  of  measuring  service,  but,  so  long  as 
fidl  value  is  received,  the  unit  or  method  of  measure- 
ment is  not  so  important  that  it  should  be  used  as  a 
means  of  confusing  and  sometimes  disgusting  pros- 
pective users.  It  is  certainly  to  be  hoped  that  the  efforts 
towards  the  standardization  of  electrical  terms  for  pop- 
ular use  will  be  kept  in  mind  in  the  future  more  than  it 
has  in  the  past.  Technical  and  trade  periodicals  can  be 
of  great  assistance  in  the  standardization  of  engineering 
expressions,  but  there  should  also  be  some  general  agree- 
ment among  all  those  vitally  interested  in  order  that  all 
means  of  publicity  may  work  together. 

In  other  fields  the  general  pulilic  have  been  exten- 
sively educate;]  regarding  the  common  expressions  to  be 
used  until  the\'  have  come  into  general  use  as.  for  in- 
stance, the  'receiver  and  transmitter  on  the  telephone. 
.If  a  limited  number  of  expressions  for  use  in  talking 
with  non-technical  prospective  users  of  electric  service 
could  be  decided  upon  in  a  national  way,  and  these  ex- 
pressions advertised  broadly  so  that  the  general  public 
would  recognize  them,  a  great  step  would  have  been 
made  in  the  ]5opularization  of  the  use  of  electricity.  The 
idea  that  electricity  is  a  queer  thing  that  cannot  even  be 
discussed  in  ordinary  language  should  be  overcome  and, 
instead,  a  determined  effort  made  on  a  large  scale  to 
show  the  actual  necessity  for  electric  service  in  some 
form  for  everyone.  A.  H.  McTntire 


Looking  The    "History    of    the    Arc    Lamp," 

o     1  ,       laegun  in  this  issue  of  the  Journal,  is 

Backward  ....  .       ,        . 

especially  interesting  in  that  it  takes 

us  back  to  the  very  beginnings  of  dynamic  electricity. 
The  vagaries  of  static  electricity,  as  produced  by  friction 
or  manifested  in  lighting,  have  been  more  or  less  appre- 
ciated for  centuries.  But  it  was  not  until  the  production 
of  the  voltaic  pile,  in  the  year  1800  by  Alessandro  Yolta, 
that  currents  of  electricity  of  definite  strength  could  be 
produced  at  the  will  of  the  experimenter. 

The  first  demonstration  of  the  electric  arc  by  Davy 
took  place  within  ten  years  of  Volta's  basic  discovery. 
This  exhibition  antedated  by  ten  years  Oersted's  dis- 
covery of  the  magnetic  eft'ect  of  an  electric  current 
(1820)  and  .Ampere's  disclosure,  a  few  months  later,  of 
the  exact  relation  between  the  current  and  the  magnetic 
effect.  The  fundamental  law  of  the  electric  circuit,  now- 
known  by  his  name,  was  not  worked  out  by  Ohm  until 
1827:  Faraday's  discovery  of  electromagnetic  induction 
was  delayed  until  1831  ;  and  Gramme's  commercialization 
of  this  principle  did  not  take  place  until  1870. 

Keeping  these  dates  in  mind,  it  is  not  surprising  that 
the  development  of  the  arc  lamp— the  first  of  the  mod- 
ern applications  of  electricity— was  delayed  for  many 
years  after  its  initial  discovery.  Furthermore,  experi- 
mentation was  hampered,  until  the  discovery  of  the  Bun- 
sen  battery  (1844),  by  the  lack  of  a  suitable  means  of 
producing  currents  sufficiently  large  to  maintain  a  steady 
arc.  Shortly  after  this  tim.e,  however,  practically  all  the 
principles  upon  which  modern  arc  lamp  mechanisms  de- 
pend were  put  into  practice :— in  1847  the  control  of  a 
spring-actuated  clock  mechanism  by  a  magnet  in  series 
with  the  arc  (Staite)  ;  in  1848  the  control  of  the  arc  by  a 
series  solenoid  directly  opposed  by  gravitv,  without 
other  mechanism  (Archereau)  ;  in  1850  the  design  of  a 
spring-operated  clockwork  mechanism,  for  regulating 
and  focusing  the  arc,  controlled  by  a  series  magnet  (Fou- 
cault).  followed  by  a  gravity-actuated  mechanism  of 
similar  design  in  1857  (Serrin)  ;  in  1852  the  patenting 
of  a  magnet-operated  clutch  which  allowed  the  upper 
carbon  to  feed  by  gravity  (Slater  and  Watson)  ;  and  in 
1855  the  application  of  the  diff'erential  principle,  using  a 
shunt  or,  as  it  was  then  known,  a  derived  circuit'  (Lacas- 
sagne  and  Thiers).  It  would  appear  that  practically  all 
of  the  arc  lamp  mechanisms  which  were  later  commer- 
cialized by  the  production  of  reasonably  cheap  electric 
power  were  simply  mechanical  improvements  of  these 
very  early  arc  lamp  mechanisms.  Even  the  modern 
fiame  carbon  arc  would  seem  to  have  been  foreshadowed 
by  the  peculiar  yellow  light  produced  in  the  Jablochkoflf 
^■•^"'"e-  Chas.  R.  Riker 


Benjamin  G.  Lamme 

AX  Ari'Ria  iatkjx 

C.  E.  Skin  NEK 

WE  TAKE  great  pleasure  in  presenting  the  following  appreciation  of  Mr.  Benjamin  G.  Lamme  from  a  man 
who  has  perhaps  been  more  intimately  associated  with  him  in  his  engineering  career  than  any  other  person. 
With  Mr.  Paul  M.  Lincoln,  whose  biography  we  published  at  the  time  of  his  election  to  the  presidency  of 
the  American  Institute  of  Electrical  Engineers,  Mr.  Lamme  has  been  a  member  of  the  publication  committee 
of  the  Journal  for  a  number  of  years.  He  has  always  taken  an  active  interest  in  this  magazine,  and  its 
progress  has  been  assisted  materially  by  his  co-operation  and  advice.  He  personally  examines  contributions 
submitted  for  publication,  and  his  suggestions  and  criticisms  are  a  continual  source  of  inspiration. —  [Ed.] 


Til  IC  writer  of  these  notes  considers  it  a  rare  privi- 
lege to  have  been  intimately  associated  with  Mr. 
Benjamin  G.  Lamme,  both  in  the  university  and 
for  twenty-five  years  in  engineering  work.    Air.  Lamme's 


would  prepare  practically  the  entire  work  for  the  coming 
week  between  the  closing  of  classes  on  Friday  afternoon 
and  the  opening  Monday  morning.  In  fact,  his  capacity 
for  continuous  intense  application  in  this  way  was  not 


recent  appointment  by  Secretary  of  the  Navy  Daniels  to     equaled  by  any  student  of  my  acquaintance,  with  one 

the  Naval  Advisory  Board  gives  the  keenest  pleasure  to     jjossible  exception.     While  he  has  been  the  leader   in 

his  friends  and  a  feeling  that  the  Board  in  his  appoint-      the  design  of  the  machinery  manufactured  by  the  W'est- 

ment  has  secured 

the  services  of  an 

exceptionally  able 

engineer  and  one 

p  e  c  uliarly    fitted 

for    the    w  o  r  k 

which  is  to  be  un- 
dertaken.     In   his 

selection     by     the 

American     I  n  sti- 

tute  of    I'llectrical 

Engineers  as  one 

of  its  representa- 

lives     on     this 

Board,   the   Insti- 
tute has  accorded 

to  him  the  high- 
est  rank   possible 

as    an    electrical 

engineer    and    as 

an  inventor. 

Mr.  Lam  m  e 

has  held  the  posi- 
tion of  chief  engineer  of  the  \\  estinghouse  Electric  &  jjcfore  the  National  Electric  Light  Association  at  Niag- 
Mfg.  Company  for  many  years  and  is  chairman  of  the  ara  Falls.  When  this  paper  was  first  prepared  it  was  sub- 
committee which  passes  upon  inventions  made  in  the  mittcd  to  the  writer  for  criticism.  Following  the  usual 
company  or  submitted  to  it.  In  addition,  no  new  lines  of  practice  in  the  writing  of  such  papers,  it  was  of  a  highly 
apparatus  are  put  on  the  market  until  they  have  been  re-  mathematical  character.  The  suggestion  was  made  that 
viewed  by  him.  Mr.  Lamme  personally  does  a  large  the  paper  would  receive  a  much  wider  reading  if  the 
amount  of  designing,  particularly  in  connection  with  mathematics  could  be  eliminated,  or  at  least  explained  in 
railway  apparatus,  and  motors  and  generators  of  all  such  a  way  as  to  be  more  readily  understood  by  the  aver- 
kinds.  He  has  taken  out  about  one  hundred  and  fifty  age  engineering  reader  not  familiar  with  the  design  of 
patents,  manv  of  which  are  among  the  most  important  such  motors,  and  whose  mathematics  had  atrophied 
held  by  the  company.  from  want  of  use.  The  paper  was  completely  re-written, 

To  know  Mr.  Lamme  is  to  admire  and  respect  all  visible  mathematics  being  eliminated,  and  a  paper  was 
him.  At  the  Ohio  State  University  he  "passed  with  produced  which,  while  founded  on  mathematical  an- 
merit"  practically  all  of  his  studies,  whether  physics,  alyses,  contained  no  mathematics  and  which  has  become 
chemistry,  mathematics,  language  or  drawing.  It  was  a  classic  in  the  literature  of  alternating-current  motors, 
characteristic   of   him   that   at   the   end   of   a   week   he  An  examination  of  Mr.  Lamme's  subsequent  writ- 

would  take  up  the  next  week's  work,  studying  almost      ings  will  show  that  this  general  policy  has  been  con- 
without  intermission  for  lo  to  15  hours  at  a  time,  and     tinued  and  that  he  has  treated  some  extremely  difficult 


inghouse  C  o  m  - 
pany  tor  at  least 
twenty-five  years, 
he  has  been  com- 
\)  a  ratively  little 
known  to  the  en- 
gineering profes- 
s  i  o  n  in  general 
until  within  re- 
cent years.  One 
notable  exception 
to  this  statement 
must  be  m  a  d  e, 
ami  this  is  his  rec- 
ognition a  m  o  ng 
licsigners  of  alter-  . 
nating  -  c  u  r  r  ent 
motors.  In  1897 
Mr.  Lamme  pre- 
jjared  a  paper  on 
the  design  of  in- 
I'.uclion  motors, 
which   w  a  s  read 
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subjects  in  a  non-mathematical  style  so  clear  that  even 
non-technical  readers  can  easily  absorb  his  reasoning. 

The  new  standardization  rules  of  the  American  Insti- 
tute of  Electrical  Engineers,  which  are  so  radically  dif- 
ferent from  those  of  the  edition  of  191 1,  are  in  no  small 
measure  due  to  Mr.  Lamme,  particularly  those  parts 
dealing  with  rating,  temperatures,  etc.  At  a  time  when 
there  was  a  general  feeling  among  both  commercial  men 
and  engineers  that  it  would  be  unwise  to  acquaint  pur- 
chasers with  the  truth  as  to  the  internal  temperatures  of 
apparatus,  particularly  generators  of  large  size,  he  boldly 
took  the  stand  that  these  temperatures  exist  on  appa- 
ratus which  has  been  in  operation  for  a  long  time  and  the 
sooner  everybody  concerned  knew  the  facts  the  better  it 
would  be  for  both  purchaser  and  manufacturer.  This 
policy  has  led  to  the  standardizing  of  means  for  deter- 
mining the  highest  interna!  temperatures  of  electrical 
apparatus  and  has  resulted  in  extremely  rapid  strides 
in  the  logical  rating  and  testing  of  such  machinery. 

Among  some  of  Mr.  Lamme's  notable  achievements 
may  be  mentioned  the  following : — In  the  summer  of 
1890  he  personally  designed  and  made  the  preliminary 
drawings  for  the  old  Westinghouse  No.  3  railway  motor, 
which  was  the  forerunner  of  the  modern  direct-current 
railway  motor.  Shortly  after  this  he  put  into  successful 
practice  his  theory  that  direct-current  multipolar  gener- 
ators should  be  so  designed  that  shifting  of  brushes  with 
change  of   load   would  not  be  necessary.     He  applied 


cross-connections  to  multiple-wound  armatures  to  bal- 
ance the  circuits.  The  final  designs  of  the  original 
Niagara  Falls  5000  horse-power  generators  at  Niagara 
Falls,  built  in  1893,  were  made  by  Mr.  Lamme.  As 
already  pointed  out,  he  had  much  to  do  with  the  success 
of  alternating-current  induction  motors,  and  his  appli- 
cation of  dampers  to  rotary  converters  was  the  founda- 
tion of  the  great  success  of  machines  of  this  type.  One 
of  Mr.  Lamme's  greatest  contributions  to  electrical  prog- 
ress is  the  single-phase  railway  system  which  he  de- 
scribed in  his  famous  paper  in  1902,  and  which  has  been 
adopted  on  such  railroads  as  the  New  Haven,  the  Penn- 
sylvania, the  Norfolk  &  Western  and  others. 

Mr.  Lamme  takes  a  keen  interest  in  the  education  of 
the  young  men  who  are  to  be  the  future  engineers  of  his 
company  and,  while  his  analysis  of  the  characteristics 
of  these  men,  each  one  of  whom  he  interviews  and  tries 
out,  is  as  keen  and  as  impersonal  as  his  analysis  of  a 
difficult  problem  in  connection  with  machine  design,  his 
ready  sympathy  and  help  to  all  such  men  is  an  inspira- 
tion to  them.  He  does  everything  in  his  power  to  help 
in  every  wSy  possible  those  who  show  themselves  cap- 
able and  willing.  He  is  particularly  delighted  to  find 
men  who  are  resourceful,  who  turn  defeats  into  victories 
and  who  show  by  their  work  that  they  can  combine  high 
technical  skill  with  good  common  sense ;  and,  indeed,  it 
may  be  said  that  these  are  some  of  the  very  marked 
characteristics  of  Mr.  Lamme  himself. 


Classification,  Construction  and  Application 
of  Graphic  Recording  Meters 


A.  E.  AiLEN 

New  York  District  Offiee 

Westinghouse  Electric  &  Mfg.'sCompany 


GRAPHIC  meters  may  be  classified  in  a  manner 
similar  to  other  electrical  instruments,  with  re- 
gard to  character  of  service  and  to  the  accuracy 
desirable.  The  service  classification  falls  naturally  into 
two  groups : — 

I — Switchboard  or  permanent  location  ; 
2 — Portable  service. 

The  classification  as  to  accuracy  is  subject  to  almost 
as  radical  a  distinction  as  that  of  service,  and  may  be 
stated  as  follows  : — 

1— Meters  in  which  simplicity  of  parts  or  manipulation  and 
low  cost  have  been  the  determining  factors  in  the  design ; 

2 — Meters  in  which  accuracy  has  been  made  the  prime 
requisite. 

In  graphic  instruments  the  combination  of  the  quali- 
ties of  high  accuracy  and  simplicity  is  the  ultimate  goal 
of  the  designers,  but,  unfortunately,  in  graphic  meters 
these  two  qualities  are  still  more  antagonistic  than  in 
indicating  meters,  owing  to  the  fact  that,  in  the  graphic 
meters,  additional  features  of  accuracy  are  required. 
These  are  legibility  of  record  and  accuracy  in  time- 
keeping. 


The  purchaser  of  indicating  meters  carefully  con- 
siders whether  the  purpose  he  has  in  view  will  be  accom- 
plished by  easily  manipulated,  rough-and-ready  instru- 
ments of  a  low  order  of  accuracy,  or  whether  the  char- 
acter of  the  results  necessitates  instruments  of  precision, 
or  even  laboratory  standards  which  require  greater  skill 
in  operation  but  in  return  yield  results  impossible  with 
the  more  elementary  forms.  In  the  same  way  the  in- 
tending purchaser  of  graphic  instruments  should  be  well 
posted  as  to  the  distinctions  between  the  two  classes  of 
instruments,  so  as  to  be  able  to  choose  intelligently  the 
form  best  suited  to  his  purpose. 

METERS    FOR    ROUGH    ME.\SUREMENTS 

Until  quite  recently  the  art  was  limited  to  the  class 
of  instruments  in  which  simplicity  and  cheapness  were 
the  principal  features  and  which  lacked  in  accuracy. 
These  instruments  consist  generally  of  a  very  simple 
electrical  movement,  such  as  stationary  coils  attracting 
movable  iron  armatures,  and  actuating  directly  a  pen 
arm  fitted  with  a  rudimentary  pen.  The  pen  travels  in 
the  arc  of  a  circle,  across  a  circular  dial  plate,  which  is 
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made  to  rotate  by  means  of  a  clock.  The  resulting  form 
of  chart  gives  irregular  co-ordinates,  and  short  con- 
gested scale  divisions,  lacking  very  much  in  legibility. 
The  pen  contains  a  day's  supply  of  ink  and  the  charts 
are  generally  marked  for  24  hours,  being  removed  daily. 
The  clocks  are  also  wound  every  day. 

A  more  recent  development  is  the  continuous  chart 
type  shown  in  Fig.  i.  This  meter  consists  of  a  solenoid 
and  core,  acting  directly  on  an  arm  that  carries  the 
recording  pen,  and  a  continuous  strip  of  paper  moved 
uniformly  by  a  high-grade  clock  mechanism.  To  over- 
come the  slight  friction  of  the  pen  on  the  paper  the  sole- 
noid is  made  very  powerful  in  its  action.  Its  action  is 
controlled  by  a  heavy  spring,  which  also  minimizes  inac- 
curacies due  to  slight  errors  in  leveling.  The  energy 
consumed  by  the  voltmeter,  including  its  external  re- 
sistor, is  50  watts.  The  energy  consumed  by  the  am- 
meter is  seven  watts,  thus  adapting  it  for  use  with 
ordinary  current  transformers  when  measuring  currents 
higher  than  can  be  passed  through  the  meter  directly. 


If..    I — TVrK   U    WKSTINCHOUSK   CR.M'HIC    METER 


An  oil  dashpot  is  provided  to  damp  the  action  of  ihe 
meters  on  fluctuating  current  or  voltage.  On  circuits 
not  subject  to  excessive  fluctuations  the  oil  can  be  left 
out  of  the  dashpot. 

The  record  paper  for  these  meters  is  of  stock  spe- 
cially selected  for  satisfactory  records  and  is  accurately 
ruled.  The  hours  are  stamped  on  one  margin,  and  an 
accurate  drive  is  assured  by  perforations  in  the  paper 
into  which  pins  on  the  driving  mechanism  engage.  The 
paper  is  printed  in  rolls  16  and  32  feet  in  length.  The 
16-foot  rolls  are  ruled  for  a  speed  of  one  inch  per  hour, 
and  the  32-foot  rolls  for  a  speed  of  two  inches  per  hour. 
.\  roll  is,  therefore,  sufficient  for  one  week's  record  with 
one  day  to  spare.  The  time  markings  are  ruled  every 
half  inch,  and  the  capacity  markings  agree  with  the  cali- 
bration of  the  meter  used. 

The  paper-driving  mechanism  is  a  metal  drum,  with 
pins  that  engage  in  the  perforations  in  the  record  paper, 
driven  through  gearing  by  a  standard  clock  mechanism. 
The  clock   is  of   the  eight-day,   key-wound   type   with 


balance-wheel  escapement.  The  standard  rate  of  drive 
is  one  inch  per  hour,  but  meters  equipped  with  a  drive 
mechanism  to  give  a  rate  of  two  inches  per  hour  are 
available. 

Accuracv — These  meters  are  most  accurate  on  alter- 
nating current,  but  can  be  used  on  direct  current,  when 
they  are  calibrated  for  this  service,  with  very  small 
error. 

This  type  of  instrument,  on  the  whole,  is  exceedingly 
simple,  easily  understood  and  manipulated,  and  reliable, 
but  somewhat  lacking  in  accuracy,  both  as  to  character 
of  scale  and  as  to  electrical  features.  Despite  these 
drawbacks,  however,  the  instrument  is  an  exceedingly 
useful  one  where  high  accuracy  is  not  essential,  as,  for 
example,  on  arc  lamp  feeder  circuits,  or  installed  at 
points  of  distribution  or  at  the  central  station  to  register 
ajiproximately  the  variations  in  the  voltage  or  supply  of 
current  and  loading  of  motors  or  transformers. 

One  of  the  distinctive  features  of  all  the  instruments 
of  this  class  is  that  the  coils  operate  the  pen  directly,  the 
latter  being  in  contact  with  the  paper.  This  construction 
necessitates  a  high  amount  of  energy  in  the  meter  coils 
to  overcome  the  pen  friction :  this  results,  generally 
speaking,  in  the  electrical  errors  above  described,  as  well 
as  errors  in  the  meter  transformers  when  thev  are  used. 

METERS   FOR   ACCURATE   WORK 

Tn  order  to  increase  the  accuracy  of  the  grajjliic  in- 
struments it  is  absolutely  necessary  to  separate  the  func- 
tions of  the  measuring  element  and  of  the  marking  de- 
vice, for  the  reason  that  the  friction  introduced  by  the 
pen  on  the  paper  interferes  seriously  with  the  accuracy. 
This  cannot  be  satisfactorily  overcome  by  increasing  the 
l)0wer  of  the  meter  coils,  owing  to  the  electrical  errors 
thereby  introduced.  Moreover,  increased  accuracy  also 
rec|uires  a  broader  and  more  legible  chart,  which  would 
still  further  increase  the  work  required  of  the  meter 
clement. 

Some  of  the  schemes  which  have  been  utilized  for 
overcoming  this  difficulty  are  as  follows: — 

I — Making  a  continuous  pliotograjiliic  rt-oord  of  the  position 
of  the  pointer,  or  the  movement,  as  in  oscilloRraphs ; 

2 — Allowing  the  pen  arm  and  the  pen  to  swing  slightly 
above  the  paper  and  causing  it  to  make  a  dot  at  fixed  intervals 
by  means  of  an  electro-magnet; 

3 — Causing  a  high-tension  discharge  or  spark  to  pass  from 
the  pointer  through  the  paper,  thus  leaving  a  mark  or  a  per- 
foration : 

4 — Operating  by  relay. 

Schemes  l,  2  and  ?  arc  at  present  of  relatively  little 
importance  and,  therefore,  scheme  4  only  will  be  consid- 
ered here.  The  relay  type  of  construction,  both  in  this 
country  and  abroad,  appears  to  have  solved  the  problem 
in  a  highly  satisfactory  manner.  The  principle  of  oper- 
ation is  quite  simple.  The  meter  is  separated  into  two 
inter-dependent  elements,  namely,  the  meter  element  or 
measuring  coils,  and  the  motor  element  or  pen-actuating 
device.  These  elements  are  connected  bv  the  control 
spring  of  the  meter. 

The  function  of  the  meter  element  is  limited  to 
making  and  breaking  contacts,  which  energize  the  pen- 
actuating  element.     Thus  the  meter  element  need  not 
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have  any  greater  torque  than  that  of  an  indicating 
meter,  and  should  not  take  any  more  energy  ;  it  can, 
moreover,  be  made  as  accurate  electrically  as  any  indi- 
cating meter.  In  the  form  most  familiar  to  the  writer, 
the  meter  element  is  built  on  the  Kelvin  balance  prin- 
ciple, and  is  independent  of  all  temperature,  wave  form. 


Westlnghouse  Recording  Meter. 


t^^m^^ 


bfe^ 


Dial  Style  No.  66292.     Date 
1200, 
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post  .^.  Connection  with  coil  K  is  made  to  the  upper 
relay  contact  H ,  and  connection  from  coil  L  to  the  lower 
lelay  contact  /.  The  relay  contact  /  of  the  removable 
system  is  connected  to  binding  post  /. 

To  binding  posts  /  and  2  are  brought  leads  from  a 
direct-current  or  other  auxiliary  circuit  of  proper  volt- 
age, and  to  Ijinding  posts  ?  anrl  4  are  brought 
leads  from  the  circuit  whose  potential  is  to  be 
recorded.  An  external  resistance  is  employed 
in  the  measuring  circuit  of  all  capacities  and 
in  the  electro-magnet  control  circuit  for  po- 
tentials of  500  volts,  direct  current. 
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FIG.  2 — GR.\PHIC   WATTMETER  CHART   OF   THE   LOAD   ON   A    MANUFACTURERS 

POWER    HOUSE 

Showing  noon  dip. 

frequency  or  external  field  errors,  thus  being  in  effect  a 
precision  instrument. 

On  the  other  hand,  the  pen-actuating  or  motor  ele- 
ment derives  its  power  from  a  separate  source,  and  can 
have  as  much  torque  as  is  necessary  to  control  the  pen 
properly.  The  chart  may  be  made  as  broad  as  desirable, 
and  in  this  way  an  instrument  of  high  accuracy  is  ob- 
tainable. It  will  be  noted  that  the  slightest  force  deflect- 
ing the  pen  from  its  true  position  will  result  in  full 
torque  tending  to  return  it,  whereas  the  torque  tending 
to  return  a  meter  of  the  type  previously  de- 
scribed is  only  proportional  to  the  amount  of 
such  displacement. 

Fig.  2  is  a  reproduction  of  a  typical  watt- 
rneter  chart,  showing  the  load  on  a  power 
house ;  the  noon  dip  is  clearly  shown.  The 
width  of  scale  is  five  and  one-fourth  inches, 
and  the  speed  of  travel  is  two  inches  per  hour. 
Fig.  3  is  interesting  as  an  illustration  of  a 
useful  application,  in  that  this  record  dis- 
closed to  the  superintendent  of  the  factory 
that,  as  it  took  one-half  hour  in  the  morning 
for  full  load  to  come  on,  the  factory  was  not 
getting  to  work  as  promptly  as  it  should. 
Proper  steps  were  immediately  taken  and  the 
loss  of  time  was  overcome. 


-ACTION    OF    METERS 

1  he  system  of  fixed  and  measuring  coils 
is    so    arranged    that    when    current    flows 
through  them  the  left-hand  coil  E  is  repelled 
by  A  and  attracted  by  B,  the  right-hand  coil 
F  being  repelled  by  D  and  attracted  by   C. 
Assuming  the   recording  pen  to  be   at   zero 
position  on  the  chart  and  connection  made  to 
relay  and  measuring  circuits  throtigh  binding 
posts  /,  2,  5  and  4,  it  will  be  seen  that  the 
movable  system  will  take  up  a  position  which 
will  force  contact  /  against  contact  /.    A  cir- 
cuit will  thus  be  completed  through  the  right- 
hand  solenoid  L,  and  the  electro-magnetic  attraction  will 
cause  the  core  L  to  move  downward,  which  movement 
will  turn  M  about  its  axis  and  through  its  connection 
with  ()  catise  the  pen  to  move  across  the  chart  toward 
full  scale  position.    This  movement  of  M  places  tension 
on  the  spring  U,  and  continues  increasing  this  tension 
until  the  core  has  traveled  a  sufficient  distance  to  place 
such  a  tension  on  U  that  it  balances  the  tortjue  of  the 
movable  measuring  system  /:  and  F  and  draws  the  con- 
tact J  away  from  L. 
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CONNECTIONS 

The  construction   of   a  voltmeter  is   dia- 
gramatically  shown  in  Fig.  4.     The  coils  A,  B,  C,  D, 
E  and  F  are  all  connected  in  series  and  their  terminals 
connected  to  binding  posts  j  and  4. 

The    electro-magnets    K    and    L    are    connected    as 
shown  with  their  junction  point  brought  out  to  binding 


FIG.  3 — AMMETER  CHART  OF  THE  LOAD  ON  A   MANUFACTURER'S  POWER   HOUSE 

Showing  a  half-hour  delay  in  attaining  full  load  in  the  morning. 

The  entire  moving  system,  including  solenoids,  pen 
arms  and  measuring  coils,  remains  in  the  position  last 
assumed  when  the  circuit  was  broken,  and  the  pen  con- 
tinues to  draw  a  line  which  represents  the  voltage  being 
maintained  on  the  circuit. 


Soo 
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COMPARISON    WITH    SIEMEN  S    DYNAMOMETER 

It  will  be  noted  that  the  spring  U  is  now  under  ten- 
sion and  the  position  of  the  contact  /  between  contacts 
H  and  /  represents  a  balance  or  state  of  equilibrium  be- 
tween the  actuating  and  restraining  forces.  This  can 
readily  be  comi)ared  to  the  action  of  a  Sienien's  dynamo- 
meter in  which  the  knurled  thumb  nut  has  been  turned 


FIG.   4 — SCHK.MATIC    IHAC.R.^M    OK   CON.\ECTIONS    KEl.VIX    BAL.^NCE 
TVI'K  OF  GRAPHIC    MF.TER 

A,  B,  C  and  D,  fixed  coils ;  E  and  F,  movable  coils  mounted 
on  supp^orting  structure;  G,  pivoted  support  of  E  and  f;  11. 
upper  adjustable  relay  contact  connected  to  L;  I ,  lower  adjusta- 
ble relay  contact  connected  to  A';  /,  movable  relay  contact  at- 
tached to  movable  element  E  and  /•;  K,  pen-actuating  electro- 
magnet (left  hand  I  ;  K' ,  iron  core  of  K;  L,  pen-actuating 
electro-magnet  (right  hand)  ;  L' ,  iron  core  of  L;  M,  arm  sup- 
porting iron  cores  pivoted  at  A^  and  connected  to  O  by  pin 
bearing  P ;  N,  pivoted  bearing  for  M ;  O,  pen  arm  connected  to 
A/  by  pin  bearing  P  and  provided  with  guide  slot  at  upper  end 
which  bears  on  stationary  guide  pin  R;  P,  pin  bearing  connect- 
ing M  and  O;  R,  stationary  guide  pin  for  0 ;  S,  recording  i)en 
arranged  to  pass  across  a  suitable  moving  record  paper  T ;  V , 
helical  spring  connecting  movable  coil  system  and  movable  piv- 
oted supporting  arm  M. 

until  the  torsion  of  the  control  spring  has  drawn  the 
pointer  attached  to  the  movable  coils  back  to  zero  and 
the  pointer  operated  by  the  knurled  thumb  nut  will  indi- 
cate the  circuit  voltage.  The  zero  reading  pointer  of 
the  dynamometer  can  thus  be  likened  to  the  movable 
contact  y  of  the  graphic  meter,  and  the  manually  oper- 
ated pointer  of  the  dynamometer  may  be  likened  to  the 
solenoid-operated  recording  pen  of  the  graphic  meter. 
It  will  be  seen,  therefore,  that  the  manual  operation  of 
the  dynamometer's  indicating  pointer  is  replaced  by 
electrical  operation  of  the  graphic  meter's  recording 
pointer. 

ACTION   ON   VARYING  VOLTAGE 

If  the  voltage  of  the  metered  circuit  rises  the  mova- 
ble contact  is  again  deflected  downward  until  it  makes 
contact  with  the  lowered  fixed  contact,  and  the  right- 
hand  solenoid  again  causes  the  recording  pen  to  move 
across  the  chart  until  the  increased  tension  of  the  spring 
balances  the  increased  torque  of  the  measuring  element, 
drawing  the  movable  contact  /  away  from  7  and  again 
opening  the  solenoid  circuit.  The  recording  system 
again  remains  stationary  until  the  voltage  of  the  supply 
circuit  changes. 

If  the  voltage  decreases,  the  contact  /  rises  and 
making  contact  with  H  energizes  the  left-hand  solenoid 


K,  which,  drawing  down  its  core,  causes  the  pen  to 
move  down  the  scale  toward  zero,  and  as  this  movement 
continues  the  arm  M  moves  up  sufficiently  to  relieve  the 
tension  on  U  and  restore  balance  between  the  actuating 
forces  of  the  measuring  system  and  spring,  when  the 
contact  J  will  leave  H  and  open  the  control  circuit 
through  A'.  It  will  thus  be  seen  that  as  the  voltage 
varies,  the  contact  /  moves  up  and  down,  completing  the 
circuit  through  one  or  the  other  control  solenoids,  caus- 
ing the  recording  pen  to  move  across  the  chart,  and  this 
gives  a  graphic  record  of  the  voltage  variations. 

STRAIGHT-LINE  PEN    MOVEMENT 

In  order  to  secure  scales  having  rectangular  co- 
ordinates it  is  necessary  that  the  pen  move  across  the 
chart  in  a  straight  line.  This  straight-line  motion  is 
obtained  by  the  mechanical  arrangement  of  the  solenoid 
arm  M  and  pen  arm  0.  As  M,  by  the  action  of  the 
solenoid  L,  rotates  toward  the  right  and  its  pivoted  sup- 
port A^,  the  pen  arm  0,  sliding  upward  on  guide  pin  R 
and  rotating  on  pin  P,  imparts  to  the  recording  pen  5  a 
straight-line  motion.  As  M  rotates  towards  the  left  the 
recording  pen  S  travels  in  a  reverse  direction.  This 
parallel  motion  arrangement  is  extremely  simple,  effec- 
tive and  a  well-known  motion  in  kinematics. 

FEATURES 

The  contacts  H,  I  and  /  are  made  of  specially  alloyed 
metals  designed  to  break  the  circuits  with  minimum 
burning  or  arcing.  To  eliminate  injurious  sparking  the 
contacts  are  shunted  by  a  high  resistance.  By  means  of 
suitably  arranged,  adjustable  dashpots,  the  speed  of  pen 
travel  across  the  pajier  can  be  varied  from  one  second  to 


FIG.    5 — SWITCHBOARD    TYPE   OF    GRAPHIC    VOLTMETER 

one  minute,  thus  giving  either  records  which  show  every 
fluctuation,  or  which  show  only  the  important  changes. 
The  paper  speed  can  be  varied  from  two  to  eight  inches 
per  hour  by  means  of  gears.  The  clock  used  is  the  self- 
winding type,  requiring  no  hand  winding.  The  pendu- 
lum type  of  movement  is  used  to  give  the  maximum 
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accuracy.  If  absolute  time-keeping  accuracy  is  re-  is  very  clearly  understooil  that  the  collation  of  data  for 
quired  a  "synchronizing"  attachment  is  furnished  which,  such  analyses  by  shop  experts  and  statisticians  entails 
when  connected  to  a  master  clock  or  Western  Union     an   almost  prohibitive   expense,   and   manufacturers   in 


time  service  wire,  hourly  corrects  the  chart  to  the  exact 
time.  The  high  power  of  the  pen-actuating  element 
allows  the  use  of  a  large  reservoir  pen  containing  a 
month's  supply  of  ink,  and  a  parallel  motion  giving 
rectangular  co-ordinate  records,  which  can  be  integrated, 
in  the  case  of  wattmeters,  by  means  of  a  planimeter. 

The  fact  that  the  meter  element  merely  has  to  close 
contacts  allows  the  construction  of  direct-current  am- 
meters operating  from  standard  indicating  meter  shunts, 
also  frequency  meters,  speed  recorders  or  power-factor 
meters,  all  with  equal  facility.  The  complete  meter  for 
switchboard  service,  together  with  an  indicating  dial, 
making  an  excellent  indicating  meter  as  well,  is  shown 
in  Fig.  5. 

APPLICATIONS 

.  Among  the  numerous  applications  whicli  the  advent 
of  these  higher  accuracy  types  of  instruni^nts  have  de- 
veloped, and 
which  were  not 
previously  con- 
sidered possible, 
may  be  men- 
tioned the  fol- 
lowing : — 

I  —  A  basis 
for  charging  for 
poivcr  according 
to  the  maximum 
demand,  or 
peaks  lasting  a 
certain  length  of 
time.  These  me- 
ters are  being 
s  u  c  c  e  s  s  f  ully 
used     for    this 


general  have  been  endeavoring  to  devise  simpler  and  less 
costly  methods  of  investigation. 

The  Westinghouse  graphic  meters,  although  de- 
signed primarily  for  power  house  switchboard  use,  are 
admirably  capable  of  furnishing  manufacturers  with  a 
means  for  obtaining  data  for  analytical  purposes,  which, 
while  simple  and  inexpensive,  is  incomparably  more  ac- 
curate when  intelligently  used  than  any  of  the  older 
methods  involving  the  taking  of  observations  and  the 
tabulating  of  data. 

A  graphic  ammeter  record  showing  the  power  con- 
sumed by  an  engine  lathe  in  roughing  out  a  steel  shaft  is 
shown  in  Fig,  6.  The  record  reads  continuously  from 
right  to  left  in  accordance  with  the  sequence  of  the  time 
intervals  marked  below  the  bottom  line  of  the  chart. 
The  reference  letters  on  the  record  curve  correspond 
with  tb.os-  of  the  se.-tional  view  of  the  shaft;  therefore, 

although  the 
shaft  was  r  e- 
versed  in  posi- 
tion during  the 
turning  o  p  era- 
tion,  the  magni- 
t  u  d  e  of  the 
power  and  the 
time  taken  to 
make  the  vari- 
o  u  s  cuts  indi- 
cated by  cross 
hatching  on  the 
view  of  the 
shaft  m  ay  be 
readily  deter- 
mined. 

Since  the  rec- 


FIG.   O — GRAPHIC   .\MMETER   RECORD  OF   .\N    INDUSTRI.\L   OPER.'^TION 

purpose  by  several  of  the  large  power-distributing  com-  ord  thus  obtained  consists  of  a  curve  or  irregular  line, 

panics  at  Niagara  Falls  and  elsewhere.  having   rectangular   co-ordinates,   the   total   amount   of 

2 — The  analysis  of  pozver  requirements  for  motor  power  consumed  in  the  whole  turning  operation,  as  well 

drive  of  machine  tools,  rolling  mills,  etc.  as  the  specific  amounts  expended  in  making  the  indi- 

3 — Analysis  of  Machine  Operation — In  general,  the  vidual  cuts,  can  be  readily  ascertained  by  means  of  a 
cost  of  machine  operation  for  regular  manufacturing  planimeter.  In  other  words,  the  graphic  meter  record 
purposes  is  made  up  of  several  factors  of  which  the  afl'ords  all  the  data  for  the  making  of  comparative  an- 
smallest  is,  probably,  the  direct  labor  charge,  and  the  alyses  on  the  basis  of  either  the  amount  of  power  con- 
largest  the  indirect  or  fixed  charge  made  up  of  the  cost  sumed,  the  time  required,  or  the  amount  of  material 
-of  buildings  and  equipment,  interest  and  depreciation,  removed  in  the  various  machine  shop  operations. 
charges  thereoa,  taxes,  cost  of  repairs,  water  and  power.  Furthermore,  the  record  can  be  used  as  a  check  on 
■and  the  expense  of  general  supervision.  individual   workmen.      For   example,   the    rate   depart- 

Analyses  of  the  relation  of  fixed  charges  to  cost  of  ments  of  certain  large  factories  have  all  discovered  that 

tool  operation  show,  in  general,  that  the  average  value  the  chart  of  a  graphic  meter,  installed  unknown  to  a 

of  the  fixed  charge  per  hour  ranges  from  one  to  three  workman,  shows  the  exact  time  taken  by  his  machine 

or  more  times  the  direct  labor  charge,  and  that  the  only  to  do  a  certain  amount  of  work,  or  the  time  taken  for 

satisfactory  method  of  reducing  the  fixed  charge  is  to  any  operation,  and  consequently  the  time  spent  by  the 

eliminate  avoidable  delays  in  machine  operation.    Yet  it  workman  otherwise  than  on  actual  work. 


The  High-Slip  Induction  Motor  in  Flywheel 

Applications 


B  I.  A  INK 

SI'A  l-.RAI,  types  of  machines  which  do  heavy  work- 
in  only  a  portion  of  the  cycle  of  operation,  such  as 
punch  presses,  shears,  etc.,  are  equipped  with  fly- 
wheels. In  applying  induction  motors  by  gears  or  direct 
connection,  it  is  customary  to  use  motors  that  have  a 
slip  somewhat  higher  than  the  standard  motors  for  ordi- 
nary ajiplications.  Similarly  in  applications  to  com- 
pressors or  like  applications  where  variations  in  torque 
occur  in  each  revolution,  motors  with  high  slip  are  ap- 
l)lie(l  in  connection  with  a  flywheel. 

FOR  PUNCHES  OK  SHE.ARS 

In  the  case  of  the  punch  and  shear  applications  the 
whole  question  hinges  about  that  portion  of  the  cycle  of 
operation  in  which  the  heavy  work  is  performed, 
namely,  when  the  punch  is  piercing  the  metal.  If  the 
motor  were  applied  on  this  type  of  machine  without  a 
flywheel,  unless  it  was  excessively  large,  it  would  un- 
doubtedly stall  when  the  punch  struck  the  metal.  The 
flywheel,  therefore,  comes  into  play  to  carry  the  motor 
through  the  peak  load,  thereby  allowing  the  use  of  a 
much  smaller  motor  than  would  be  the  case  without  the 
flywheel. 

The  flywheel  assists  the  motor  by  virtue  of  the 
energy  that  is  stored  in  it,  due  to  the  fact  that  it  is  a 
mass  revolving  at  some  sjjced.  Stored  energy  of  this 
sort  cannot  be  utilized  except  by  a  reduction  in  speed. 
Therefore,  it  is  necessary  to  have  the  motor  change  in 
speed  between  no  load  and  the  load  that  comes  on  when 
the  punch  comes  into  contact  with  the  metal.  \\"ithout 
overloading  it,  an  induction  motor  with  ordinary  s])eed 
regulation  would  only  slow  down  about  three  percent 
of  Its  no-load  speed,  or  to  yj  percent,  and  this  would  not 
be  sufficient  to  get  the  desired  energy  out  of  a  flywheel 
of  suitable  design  for  the  application.  That  is,  if  only 
three  percent  speed  reduction  were  obtained,  the  flywheel 
would  have  to  be  four  times  as  heavy  to  deliver  the  .same 
energy  as  would  be  delivered  with  a  reduction  in  speed 
of  six  percent,  since  the  energy  is  a  function  of  the  first 
power  of  the  weight  and  the  square  of  the  speed.  This 
IS  from  the  well-known  equation  used  in  figuring  fly- 
wheel efifects,  namely  E  =  '/^  MV-,  where  E  =  en- 
ergy, M  =  mass  or  weight  of  flywheel,  and  V  =  the 
change  in  velocity.  Therefore,  to  get  the  required 
energy  out  of  the  flywheel  to  assist  the  motor  on  the 
peak  load  and  keep  the  flywheel  of  reasonable  size  it  is 
necessary  to  have  speed  reductions  of  at  least  seven  per- 
cent, and  sometimes  as  high  as  ten  or  twelve  in  cases 
where  very  heavy  material  is  being  handled  and  the 
strokes  per  minute  are  few. 

The  design  of  the  flywheel  is  based  on  the  speed 
reduction  of  the  motor,  and  at  the  same  time  the  fly- 
wheel energy  that  is  utilized  is  made  sufficient  to  save 
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b.eavy  power  drafts  on  the  motor.  In  this  way,  by  link- 
ing the  characteristics  of  the  flywheel  design  and  the 
motor  with  each  other  the  best  combination  of  motor 
and  flywheel  for  the  application  is  obtained.  The  term 
"high  slip"  should  not  be  treated  as  meaning  slip  of  any 
magnitude,  as  it  is  possible  to  go  too  high  for  the  most 
efficient  and  satisfactory  operating  conditions.  On  ma- 
chines handling  light  materials  where  the  punching  or 
shearing  strokes  per  minute  are  considerable,  a  motor 
having  excessive  slip  would  not  be  able  to  bring  the  fly- 
wheel up  to  normal  speed  again  between  strokes  and  the 
purpose  of  the  flywheel  would  not  be  realized.  This 
effect,  of  course,  would  not  be  so  pronounced  on  ma- 
chines operating  with  a  very  few  strokes  jjer  minute  and 
motors  of  higher  sli])  could  be  used  on  them.  In  either 
case  the  efficiency  of  the  motor  is  lower  with  the  higher 
slip  motor,  but  this  is  not  of  so  great  importance,  since 
the  motor  is  operating  intermittently  and  the  load  vary- 
ing in  magnitude  continually. 

FOR    COMPRESSORS 

in  the  case  of  compressors  and  like  apjiliances,  the 
])eak  loads  which  require  the  use  of  a  flywheel  to  reduce 
the  size  of  motor  necessary,  occur  every  revolution.  The 
conditions  here  are  therefore  the  same  as  in  the  other 
case,  except  that  the  peaks  are  more  frequent,  so  the 
same  statements  as  given  above  apply  in  this  case  as 
well.  To  get  the  full  benefit  of  the  flywheel  it  is  neces- 
sary to  have  a  motor  with  higher  slip  than  normal.  If 
a  motor  of  standard  slip  were  used  the  rapid  variations 
of  torque  required  would  tend  to  show  in  the  driving 
apparatus,  causing  bad  mechanical  vibration,  and  if  the 
connection  were  by  belt  or  chain  a  whipping  action  be- 
tween the  top  and  bottom  halves  would  be  liable  to 
occur. 

.As  stated,  the  high-sli])  feature  of  the  motor  is  used 
to  recover  energy  from  the  flywheel  to  carry  the  motor 
over  the  peak  load,  but  there  is  another  advantage 
gained  along  with  the  high  slip,  and  that  is  greater  start- 
ing torque.  This  aids  greatly  in  getting  the  flywheel  up 
to  speed  as  quickly  as  possible  in  starting  up  and  after 
a  load  has  been  applied.  This  greater  torque  is  derived 
as  a  result  of  increasing  the  slip,  which  is  done  by  in- 
creasing the  rotor  resistance  the  necessary  amount  on  a 
standard  machine.  This  is  always  the  case  on  machines 
of  normal  characteristics  when  the  increase  is  not  to 
excessively  high  values  of  slip.  Motors  with  high  slip 
have  also  lower  starting  currents  than  motors  with  nor- 
mal values  of  slip,  and  this  is  an  advantage  where  starts 
may  be  frequent  or  where  it  is  found  necessary  to  start 
the  motor  by  connecting  it  directly  to  the  line  and  not 
through  an  auto-starter  or  some  other  means  of  reduced 
voltage  starting. 


Electric  Drive  in  Flour  Mills  and  Similar 

Industries 


T.  E.  Simpers 

Industrial  and  Power  Dept. 

Westinghoiise  Electric  &  Mfg.  Company 

THERE  are  two  distinct  classes  of  flour  mills — 
the  large  mills  of  500  barrels  daily  capacity  or 
over,  located  at  grain  shipping  points,  and  the 
mills  of  less  capacity,  which  serve  their  immediate  vi;  ■;;- 
ity  and  which  are  found  in  every  farming  community. 


is  essential  that  complete  and  analytical  consideration 
be  given  to  those  factors  which  determine  the  cost  of 
power  and  the  methods  to  be  adopted  in  its  application. 
The  most  important  is  the  type  of  drive  employed  for 
the  milling  machinery  and  grain  handling,  as  this  has  a 


Large  flour  mill  propositions  require  individual  analysis      direct  bearing  on  the  quality  and  quantity  of  product 


to   properly   determine   whether   or   not   central   station 
power  en  be  used  to  advantage.     They  require   from 


FIG.    I — TYPICAL    INST.\I.I..\TION    OF    FLOUR    MILL    ROLLS 

several  hundred  to  several  thousand  horse-power,  and 
are  usually  located  with  reference  to  storage  and  ship- 
ping points,  so  that  their  operation  is  practically  con- 
tinuous. Because  of  this  and  the  large  amounts  of 
power,  the  central  station  can  frequently  oft'er  very  at- 
tractive rates  to  such  plants.  The  small  flour  mill,  using 
the  same  kinds  of  machinery  as  the  large  mill,  but  in 
smaller  quantities,  is  dependent  upon  the  production  of 
its  immediate  community  for  grain  and  is  likely  to  be 
somewhat  intermittent  in  operation. 

The  feed  mill  and  grain  elevator  are  of  allied  interest 
and  application.  The  feed  mill  serving  its  immediate 
vicinity  is  similar  in  location  and  operation  to  the  small 
flour  mill,  and  in  many  communities  they  are  com- 
bined. These  mills  are  good  central  station  pros- 
pects, both  because  of  the  small  ])ower  requirements, 
making  the  installation  of  individual  power  plants 
costly,  and  because  their  operation  is  intermittent,  being 
dependent  upon  the  delivery  of  grain.  The  grain  ele- 
vator may  require  several  thousand  horse-power  for 
operation  in  order  to  load  and  unload  large  quantities 
of  grain  quickly,  but  its  operation  is  intermittent.     On 


obtained  for  a  given  investment,  and  the  percentage  of 
profit  which  can  be  realized  from  the  grain  passing 
through  the  elevators  and  mills.  In  most  feed  mills  this 
is  shown  very  directly,  as  it  is  the  custom  for  the  miller 
to  make  a  direct  charge  of  so  nnich  per  100  lbs.  for 
grinding  grain  delivered  to  him. 

Conditions  and  requirements  vary  so  widely  in  dif- 
ferent localities  that  practical  experience  is  essential  in 
determining  the  proper  layout  and  installation  of  ma- 
chinery for  a  milling  plant,  and  factors  which  are  to  a 
large  extent  outside  the  method  of  drive  to  be  used  de- 
termine the  layout  of  machinery.  After  the  layout  of 
the  plant  has  been'  determined,  motor  applications  and 
grouping  of  machines  for  motor  drive  can  be  consid- 
ered. The  plants  manufacturing  flour  require  the  fol- 
lowing machines  : — Power  shovels,  car  hauls,'  cleaners, 
huUers,  scourers,  roller  mills,  dust-collecting  apparatus, 
sifters,  packing  and  weighing  machines,  conveyors  and 
elevators. 

PROCESS 

An  outline  of  the  handling  of  the  grain  from  the 
time  it  is  received  at  the  mil!  until  it  is  put  out  as  fin- 


FIG.    2 — MOTOR-DRIVE.V    BOLTING    M.\CHINES 

ished  product  is  shown  in  Fig.  3.    The  grain  first  passes 
through    receiving    separators,    where,    by    means    of 


account  of  this  intermittent  requirement  for  power,  the  screens  and  fans,  all  sticks,  straws,  dirt  and  other  for- 

overhead  charges  are  high  when  an  individual  power  eign  materials  are  removed   from  the  grain.     Usually 

plant  is  used.     Central  station  power  can,  as  a  rule,  be  from  this  process  the  grain  is  taken  to  storage  bins  on 

purchased  to  advantage  for  such  operating  conditions.  belt  conveyors.     When  it  is  brought  back  again   from 

In  order  to  secure  the  most  economical  and  efficient  the  storage  bins  it  is  passed  through  a  scourer,  where, 

operation  of  flour  and  feed  mills,  grain  elevators,  etc.,  it  by   means  of  a  revolving  metal   shell  or  brushes,  the 
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wheat  berry  has  all  foreign  substances  which  may  have 
adhered  to  the  berry  and  all  loose  outside  husks  re- 
moved. Where  the  wheat  is  comparatively  free  from 
closely  adhering  impurities  the  scouring  operation  is 
omitted  and  a  milling  separator  with  screens  and  ex- 
haust fan  substituted. 

The  milling  operation  proper  consists  in  passing  the 
grain  through  various  sets  of  breaking  and  finishing 
rolls,  reducing  the  material  to  the  desired  fineness,  pass- 


rial  gradually  and  not  in  one  or  two  grinding  opera- 
tions. Therefore,  the  average  modern  mill  consists  of 
five  sets  of  break  rolls  and  seven  to  nine  sets  of  finish- 
ing rolls.  The  grinding  rolls  are  steel  cylinders  ar- 
ranged in  pairs,  usually  two  pairs  to  a  stand  of  rolls, 
and  operating  so  that  the  two  rolls  turn  at  different  rates 
of  speed.  The  first  or  break  rolls  are  corrugated,  while 
the  final  finishing  rolls  are  smooth.  The  rolls  do  not 
touch  each  other,  but  the  distance  between  them  can  be 
adjusted  accurately  to  suit  the  desired 
fineness  of  grinding. 

To  carry  the  material  to  the  grind- 
ing rolls  and  from  the  rolls  to  various 
grading  apparatus,  and  then  to  distrib- 
ute it  so  that  the  next  operation  may 
be  performed,  requires  a  large  amount 
of  mechanical  handling,  which  ac- 
counts for  the  maze  of  spouting  and 
small  elevators  which  one  sees  upon 
entering  a  large  flouring  mill.  From 
the  break  rolls  the  material  goes  to  the 
bolters,  consisting  of  sets  of  screens  of 
differing  degrees  of  fineness,  which 
grade  the  material  according  to  the 
extent  to  which  it  has  been  ground. 
Most  of  the  material  is  carried  from 
the  bolters  either  to  the  next  break 
rolls  or  to  the  finishing  rolls.  .-Ml  of 
the  lighter  material,  hulls,  etc.,  is  car- 
ried by  suction  from  a  large  aspirator 
over  to  the  final  set  of  break  rolls, 
where  it  is  mixed  with  the  refuse  ma- 
terial from  the  purifiers  and  reground. 
The  material  then  goes  on  to  shak- 
ing or  rolling  screens,  or  plan  sifters, 
where  the  hulls  and  larger  pieces  are 
separated  as  bran,  while  the  flour  dust 
and  lighter  materials  are  removed  to 
l)e  used  as  stock  feed.  The  remaining 
operations  to  which  the  ground  mate- 
rial is  subjected  consist  in  taking  off 
the  finely  ground  wheat  which  is 
heavy  enough  to  pass  through  the 
\arious  screens  in  the  purifiers  and 
sifters,  and  removing  the  unground 
material  and  all  of  the  lighter  material 
which  can  be  picked  up  by  a  current  of 
air,  and  carrying  it  over  to  a  liran  and 
feed  compartment. 


FIG.  3 — fl,OW   SHEET  FOR  FLOUR  AND  FEED   M11,I, 

The  arrows  indicate  the  passage  of  the  grain  from  the  time  of  arrival  at  the 
mill  to  the  completion  of  the  process.  It  will  be  noted  that  the  material  flow- 
in'j;  out  at  the  end  of  the  same  compartment  which  it  enters  is  that  which  does 
not  pass  through  the  mesh  and  which  is  returned  to  an  earlier  step  in  the 
process  for  rcgrinding.  The  sifted  material  passes  from  the  compartment 
below  that  which  it  entered  to  the  ne.xt  step  in  the  process. 


POWER  REQUIREMENTS 

In  the  modern  flour  mill  the  several 
milling  processes  are   interdependent. 


ing  the  material  after  each  grinding  operation  through 
the  proper  apparatus  to  separate  the  finely  ground  ma- 
terial from  the  outside  of  the  grain  which  is  to  be  deliv- 
ered as  bran  and  feed.  Experience  has  shown  that  a 
better  grade  of  flour  is  obtained  by  reducing  the  mate- 


and  it  is  therefore  necessary  that  all  of 
the  different  sections  of  the  machinery 
should  run  as  a  unit.  The  power  requirements  of  the  in- 
dividual machines  are  small,  they  all  operate  at  the  same 
time,  and  the  groups  of  machinery  are  closely  located. 
The  speeds  of  the  machines  arc  much  lower  than  stand- 
ard motors,  so  that  individual  drive  means  either  special 
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apparatus  or  speed-reducing  devices,  such  as  gears,  belts 
operating  through  countershaft,  etc.  Individual  drive 
on  the  machines  which  are  located  in  groups,  such  as 
roller  mills,  sifters,  etc.,  would  probably  mean  either  an 
increased  cost  of  installation,  due  to  special  apparatus, 
or  complications  in  the  layout,  with  no  material  advan- 
tages. It  has,  therefore,  been  the  custom  to  drive  the 
machinery  from  a  line  shaft,  which  is  belted  to  a  motor 
or  a  prime  mover  which  drives  the  machinery  of  the 
entire  mill.  Any  required  differences  in  speed  of  the 
various  machines  are  obtained  by  the  connections  be- 
tween the  driven  machines  and  the  source  of  power.  In 
order  to  accomplish  this  result  the  use  of  a  limited 
amount  of  line  shafting  and  belting  is  unavoidable. 

In  determining  whether  to  install  motors  on  groups 
of  machines,  or  whether  all  machinery  in  the  plant  is  to 
be  driven  by  one  motor,  consideration  must  be  given  to 

T.\BLE  I— POWER  REQUIREMENTS  FOR  FLOUR  MILL  APPARATUS 


Machine. 

Horse-power  required. 

Method  of  applying 
motors. 

Power  Shovel 

(one  man) 

5 — 7.5 

Back  geared — belted 
from  countershaft. 

Car  Haul . 

20  lbs.  pull  per  ton  for  each  i    per- 
cent grade  plus  8-10  lbs.  per  ton 
starting  friction. 

Geared     to    capstan 
countershaft. 

0.5-1  horse-power  per    100   bu.    ca- 
pacity. 

Belted  (group  or  in- 
dividual). 

Separators 

Large  sizes  (1500-2000  bu.)  i  horse- 
power per  150-200  bu.  capacity. 
Small  sizes  2.5  horse-power  per 
machine  plus   i   horse-power  per 
lOO  bu.  capacity. 

Belted  (group  or  in- 
dividual). 

Scourers 

Large    sizes    (500    bu.)    10    horse- 
power per  100  bu.  capacity. 
Small  sizes  5  horse-power  perma- 

"    chine,  plus  5  horse-power  per  25 
bu.  capacity.         ■    -          ---     - 

Belted  (group  or  in- 
,.    dividual). 

Hullers . 

7-5  horse-power  per  100  bu.  capac- 
ity. 

"Belted  Xgroup). 

Roller  MiUs   ..... 

-7-5  Korse-power  per  109  bu.  capac- 

Belted  (group). 

Sifters .    .                .\ 

1-1.5  horse-power  per  machine 

Belted  (group). 

Dust  collectors... 
Purifiers -.  . 

Bolters ■.  .  .  . 

Packing  Machines. 

1-2  horse-power  per  machine 

Belted. 

Elevators 

Figure  from  weight  and  rate  of  ma- 
terial  lifted   plus  35   percent   for 
friction. 

Geared,     belted     or 
chain  drive. 

Screw  Conveyors. . 

5  horse-power  per  ioo'-8"  dia 

Geared,     belted     or 
chain  drive. 

Belt  Conveyors  .  .  . 

5  horse-power  per  ioo'-24"  wide    . . 

Geared.      belted   or 
chain  drive. 

the  layout  and  construction  of  the  particular  plant  under 
consideration.  In  either  case  the  horse-power  require- 
ments of  the  individual  machines  must  be  considered. 
A  list  of  the  more  common  apparatus,  together  with  its 
power  data,  is  given  in  Table  I.  Reviewing  the  appli- 
cations indicated  in  Table  I  it  is  evident  that  the  power 
shovels  and  car  hauls  are  intermittent  in  operation  and 
may  be  individually  driven.  The  power  shovel  is  a 
device  for  pulling  a  large  scoop  handling 'grain  or  sim- 
ilar material  across  the  floor  of  the  car  to  the  door.  The 
shovel  must  be  guided  by  a  man.  The  size  of  motor 
for  the  car  haul  is  a  matter  of  consideration  for  the  par- 
ticular installation,  and  is  determined  by  the  number  of 
cars  to  be  hauled,  the  distance  to  be  hauled  and  the 
grade  on  which  they  are  hauled.  The  usual  method  of 
application  is  to  gear  the  motor  to  a  capstan,  which  pulls 


a  rope  which  may  be  attached  to  the  cars  to  be  hauled. 
The  power  required  by  the  conveyors  and  elevators 
is  a  simple  mechanical  proposition,  in  that  the  horse- 
power requirements  may  be  figured  from  the  weight  of 
material  elevated,  the  rate  at  which  it  is  elevated,  the 
height,  and  the  friction  in  the  machinery  being  consid- 
ered.    In  explanation  of  the  term  used  in  designating 


tIG.  4 — A   FIVE    HORSE-POWER    -MOTOR  OPERATING   TWO   SIFTERS 

the  power  required  by  separators  and  scourers  it  is  to  be 
noted  that  these  machines  have  a  considerable  friction 
load,  which  must  be  taken  into  account  for  smaller  ca- 
pacity machines. 

As  a  check,  considering  the  entire  mill,  including 
power  shovels  and  car  hauls,  about  one  horse-power  is 
required  for  each  3.5  barrels  capacity  of  soft  wheat  per 
24  hours  and  one  horse-power  for  each  three  barrels 
capacity  of  hard  wheat  per  24  hours. 

FEED   MILLS 

The  feed  mill  is  closely  allied  to  the  flour  mill  and, 
as  mentioned  previoi;sIy,  small  flour  mills  usually  have 
a   feed  department.     The   feed   mill,  with   one  or  two 


flC.    5 — ATTRITION     DRIVE    !:>;     lEEU    MILL 

The  motors,  especially  designed  for  this  service,  rotate  in 
opposite  direction,  the  fineness  of  the  grinding  being  adjusted 
l:y  the  screw  shown  on  the  end  of  the  shaft. 

exceptions,  will  have  machinery  installed  similar  to  that 
in  the  flour  mill ;  i.  e.,  power  shovels,  car  hauls,  con- 
veyors, elevators,  cleaners  and  sifters  will  be  required. 
In  addition  to  these  there  will  be  installed  grinders, 
which  may  be  of  various  types,  for  grinding  feed,  grind- 
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ing  corn  meal,  cracking  corn,  etc.  These  grinders  usu- 
al!)' take  the  form  of  attrition  mills,  and  it  has  become 
the  practice  of  the  manufacturers  of  these  machines 
to  equip  them  with  motors  and  sell  the  complete  equip- 
ment, so  that  the  purchaser  only  has  to  select  a  motor 
of  proper  characteristics  to  suit  his  power  supply.  In  a 
recent  installation  inspected  by  the  writer  the  equipment 
consisted  of  a  car  haul  driven  by  a  two  horse-power 
motor,  one  conveyor  driven  by  a  three  horse-power 
motor,  two  elevators  driven  by  five  horse-power  motors, 
one  sifter  and  one  cleaner  driven  by  five  horse-power 
motors,  one  double  head  attrition  mill  driven  by  two 
15  horse-power  motors  used  for  grinding  chops  (a  mix- 
ture of  corn  and  oats  for  feed),  two  single  head  attrition 
mills,  each  driven  liy  a  15  horse-power  motor  for  crack- 
ing corn,  and  one  Burr  mill  driven  by  a  15  horse-power 
motor.  The  latter  is  another  form  of  attrition  mill,  and 
is  used  for  grinding  corn  meal.  The  operation  of  all 
motors  in  such  a  mill  is  intermittent,  depending  upon 
the  receipt  of  grain-at  the  mill,  and  complete  individual 
drive  of  such  a  mill  is  advantageous,  both  from  a  gen- 
eral operating  standpoint  and   from  the  standpoint  of 


required  to  drive  the  grain  elevator  of  such  a  plant  in- 
volves only  a  simple  mathematical  problem.  Given  the 
weight  of  the  grain  to  be  elevated,  the  height  of  eleva- 
tion and  rate,  the  power  required  to  elevate  this  quan- 
tity is  easily  calculated.  To  this  result  it  is  necessary 
to  add  a  certain  percentage  to  cover  the  friction  loss, 
this  percentage  varying  with  the  form  of  connection 
used  between  the  motor  and  elevator,  conveyor  or  ex- 
haust fans. 

TVPE   OF    MOTOR 

Considering  the  type  and  characteristics  of  the 
motor  required  for  application  in  flour  and  feed  mills 
and  grain  elevators,  the  direct-current  motor  of  the 
standard  open  type  cannot  be  considered  because  of  the 
fire  risk.  The  modern  direct-current  motor  is  made  as 
sparkless  in  commutation  as  possible,  but  there  is  still 
danger.  Totally  enclosing  direct-current  motors  would 
make  them  suitable  for  this  service,  as  all  sparking 
would  occur  in  a  practically  air-tight  space,  but  this  in- 
creases the  size  of  the  motors  and  cost  of  installation 
considerably.  Alternating  current,  generated  by  central 
stations,  is  available  in  woii  places  in  this  country.    The 


FIGS.  6  AND   7 — .\    MOTOR-DRIVEN    30   INCH    BELT   CONVEYOR,  OI'ER.VTI -NO  IN  .\  FLOUR  MILL,  ASl)  ITS  DRIVING  MOTOR 

distribution  of   power.     The   various   driven   machines 


are  located  on  several  floors  of  the  building,  and  it  is 
much  more  economical  to  transmit  electric  power  to  the 
motors  than  it  is  to  transmit  the  small  amount  of  power 
required  over  such  a  wide  area  by  mechanical  means. 

GRAIN    ELEVATORS 

In  the  application  of  motors  to  grain  elevators  it  has 
been  shown  that  it  is  best  practice  to  combine  group  and 
individual  drive.  Ordinarily,  induction  motors  are  sup- 
plied for  each  elevator,  while  the  cleaning  machinery, 
such  as  separators,  conveyors,  dust  collectors,  etc.,  may 
be  driven  in  grou])s  by  one  motor.  It  should  be  care- 
fully noted  that  a  brake  .should  be  provided  on  each 
motor  applied  to  an  elevator,  capable  of  preventing  it 
from  running  backwards,  due  to  the  weight  of  the  grain, 
when  the  motor  is  shut  off.  .\ny  such  action  will  choke 
the  elevator  and  cause  a  considerable  amount  of  trouble. 
In  the  erection  of  new  elevators  the  adoption  of  electric 
drive  frequently  affects  the  cost  of  the  building  con- 
struction, as  the  supports  necessary  for  heavy  line  shaft- 
ing, sheaves,  etc.,  required  where  the  machinery  is 
driven  from  one  prime  mover,  will  not  be  required. 

The  manner  of  determining  the  amount  of  power 


polyphase  squirrel  cage  motor  is  rugged  and  sparkless, 
and  the  ideal  motor  for  these  installations.  Even  large 
mills  installing  their  own  plants  will  find  it  advantageous 
to  select  motors  of  such  characteristics  that  they  can  be 
operated  from  central  station  lines  in  their  vicinity  as 
an  emergency  service.  The  squirrel  cage  motor  gives 
practically  no  fire  risk,  and  this  is  of  considerable  im- 
])ortance  as  having  direct  bearing  on  the  question  of 
tire  risk  insurance  rates.  The  liability  of  fire  is  always 
increased  by  long  lines  of  shafting.  With  the  necessary 
journals,  bearings,  and  their  accidental  distortions, 
flames  are  liable  to  develop  due  to  imperfect  lubrication. 
The  amount  of  dust  in  grain  elevators  and  flour  mills 
has  been  lessened  considerably  by  the  installation  of 
exhaust  fans,  but  it  has  not  been  eliminated,  and  it  is 
still  dangerous  wherever  there  is  the  slightest  sparking. 
The  squirrel  cage  motor  is  suitable  for  all  applications 
in  flour  mills  and  grain  elevators,  with  the  possible  ex- 
ception of  the  car  hauls,  where  a  wound  secondary 
motor  is  of  advantage,  because  of  the  better  starting 
characteristics;  or  where  one  or  two  large  motors  are 
used  to  drive  all  the  machinery  in  the  mill  the  wound 
.secondary  motor  is  sometimes  of  advantage,  in  order  to 
keep  down  the  current  drawn  from  the  line  at  starting. 


Electrically-Operated  Switchboards 

CONTROL    EQUIPMENT 

H.  A.  Travers 

Switchboard  Engineering  Dept. 
Westinghouse  Electric  &  Mfg.  Company 

THE  GENERAL  forms  and  arrangement  of  electrically-operated  switchboards  have  been  well  covered  in 
previous  articles  in  the  Journal.*  In  the  present  article  the  component  parts  of  the  control  equipment, 
citlier  of  the  panel  or  desk  type,  are  discussed  briefly,  particularly  those  features  which  are  desirable  or 
essential    in   power    stations    large    enough    to    warrant    the    use    of    an    electrically-operated    switchboard. 


CONTROL  DESKS  and  panel  boards  of  the 
type  employed  for  large  power  stations  con- 
tain several  features  which  are  foreign  to  the 
hand-operated  boards.  While  some  of  these  could  be 
applied  to  the  simpler  switchboards,  if  desired,  ques- 
tions of  economy,  grade  of  switchboard  operator  and 
like  factors,  make  their  use  inadvisable.  In  the  case 
of  the  electrically-operated  board,  however,  con- 
trolling large-capacity  generating  units,  transformers 
and  feeders,  it  becomes  desirable  and  essential  to 
provide  refinements  to  the  switching  equipment  such 
that  the  station  attendant  may  operate  his  machines 
to  advantage,  know  exactly  what  he  is  doing,  act 
quickly  and  correctly  and  avoid  mistakes. 


power  output  of  the  generator,  and  the  power-factor 
meter  will  indicate  whether  the  operator  is  operating 
all  the  machines  at  the  same  power-factor.  The  field 
ammeter  gives  an  indication  of  the  current  in  the 
generator  field  and  is  especially  desirable  where  auto- 
matic voltage  regulators  are  used.  In  such  cases, 
under  certain  conditions  of  load  and  power-factor, 
the  regulator  may  cause  the  generator  fields  to  be- 
come unduly  heated,  and  unless  the  field  ammeter  is 
used  as  well  as  the  indicating  wattmeter  this  condi- 
tion might  not  be  noticed  by  the  operator. 

For  the  transformer  circuits  of  this  particular  sta- 
tion, it  is  desirable  to  use  both  an  ammeter  and  indi- 
cating wattmeter,  since  the  transformer  bank  cannot 


METER  EQUIPMENT 

The  selection  of  the  meter  equipment  becomes  of 
more  importance  in  an  electrically-operated  system 
than  on  the  small  boards,  for  the  reason  that  many 
economies  can  be  introduced  in  the  operation  of  a 
large  station  by  competent  operators  with  a  suitable 
meter  equipment  that  would  be  impossible  in  a 
smaller  plant.  Great  assistance  in  determining  the 
meters  desirable  for  the  various  circuits  may  be  de- 
rived from  an  inspection  of  a  single-line  diagram  of 
the  plant.  With  such  a  diagram  one  may  see  at  a 
glance  the  relative  importance  of  the  diflFerent  cir- 
cuits and  what  results  are  desired  from  the  gener- 
ators, transformers  and  feeders.  A  typical  single- 
line  diagram  is  shown  in  Fig.  i,  with  instruments 
indicated  for  each  important  circuit.  For  each  gen- 
erator circuit  one  ammeter  (with  three-way  ammeter 
switch),  a  voltmeter,  a  polyphase  indicating  watt- 
meter, a  field  ammeter,  and  a  power-factor  meter, 
have  been  chosen.  A  bus-bar  voltmeter  has  been 
provided ;  also  a  frequency  meter  that  may  be 
plugged  either  to  the  bus-bars  or  any  machine.  Such 
a  meter  equipment  will  give  all  the  required  informa- 
tion regarding  the  operation  of  the  generators.  Three 
ammeters  per  machine  are  unnecessary,  since,  by 
means  of  the  three-way  switch,  the  ammeter  may  be 
connected  in  on  any  of  the  three  phases  as  a  check 
on  the  loading  of  the  generator.  The  indicating 
wattmeter    gives    at    once    a    direct    reading    of    the 
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*See  article  on  "The  Electrically-Operated  Switchboard,"  by 
Mr.  C.  H.  Sanderson,  in  the  Journal  for  August,  1913,  p.  781. 
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be  treated  as  a  unit  with  the  generators.  For  the 
feeder  circuits,  three  ammeters  have  been  provided, 
since  the  ammeter  load  is  usually  the  determining 
factor,  and  a  ground  on  one  line,  unbalanced  loading, 
etc.,  can  most  readily  be  noticed.  Watthour  meters 
are  desirable  in  that  they  give  a  record  of  the  power 
transmitted  over  each  feeder.  Other  indicating 
meters  may  be  added  if  conditions  warrant,  such  as 
power-factor  meters,  compensated  voltmeters  and  the 
like. 

feeder  circuits  has  the  advantage  of  giving  first-hand 

The    use    of    power-factor    meters    in    outgoing 

information  as  to  which   feeder  is  supplying  a  low 
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power-factor  load  which,  if  of  any  magnitude,  will 
curtail  the  kilowatt  output  of  the  connected  gener- 
ators and  either  require  cutting  in  an  additional  unit, 
providing  there  is  one,  or  else  reducing  the  output  of 
the  station.  By  means  of  power-factor  meter  recep- 
tacles one  power-factor  meter  may  be  plugged  into 
any  feeder,  thereby  effecting  a  considerable  saving  if 
there  are  many  feeders. 

Compensated  voltmeters  are  largely  employed  on 
feeder  circuits   emanating   from    large    urban   power 


FIG.  2- 
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Stations,  in  which  the  feeders  are  equipped  with 
induction  feeder  regulators,  either  hand  operated  or 
automatic,  to  maintain  a  certain  voltage  at  the  center 
of  distribution  of  the  respective  feeders. 


RELAYS 


The  relay  equipment  for  a  large  power  station  is 
of  considerable  importance.  It  is  essential  that  suit- 
able relays  be  employed  to  safeguard  and  maintain 
continuity  of  operation,  disconnecting  from  the  sys- 
tem apparatus  or  circuits  that  show  signs  of  distress, 
without  interfering  with  the  rest  of  the  system.  In 
the  last  few  years  relays  have  been  developed  that 
are  reliable  and  positive  in  operation,  simple  in  de- 
sign and  of  rugged  construction,  thus  affording 
means  of  protecting  any  system,  large  or  small. 
Relays,  as  well  as  the  meters,  have  been  indicated  for 
the  various  circuits  in  Fig.  i. 

In  the  generator  circuits  reverse  power  relays 
will  isolate  a  generator  in  case  of  an  internal  short- 
circuit  or  other  source  of  trouble,  such  as  connecting 
a  stationary  generator  to  the  bus-bars  by  mistake. 
Some  operators  also  favor  the  use  of  overload  relays 
in  generator  circuits  when  the  generator  is  being 
synchronized  with  the  system,  in  order  to  avoid  pos- 
sible trouble  due  to  connecting  the  generator  to  the 
bus-bars  when  the  incoming  machine  is  not  in  syn- 
chronism with  the  running  machine.  The  generators 
that  are  delivering  power  to  the  system  should  have 
their  circuit  breakers  non-automatic  so  that  they  will  not 
be  opened  by  sudden  overloads  occasioned  by  incorrect 
synchronizing  of  the  incoming  machine  or  other  sources 
of  trouble.  This  temporary  relay  connection  is  made  by 
means  of  extra  contact  points  on  the  synchronizing  re- 
ceptacle and  plug  so  that  only  when  the  plug  is  inserted 
in  the  receptacle  will  the  relay  trip  circuit  become  opera- 
tive. In  some  cases  a  single  overload  relay  is  con- 
nected in  each  generator  circuit  with  its  tripping  cir- 


cuit connected  to  an  indicating  lamp  on  the  control 
desk,  or  an  alarm  bell,  or  both,  for  the  purpose  of 
warning  the  station  operator  that  the  generator  is 
overloaded  and  that  another  unit  must  be  put  into 
service. 

For  the  protection  of  transformer  banks,  either 
overload  definite  minimum  inverse-time-limit  relays, 
or  differentially  connected  overload  relays  are  usually 
employed.  If  the  former  are  used,  the  design  of  the 
relay  should  be  such  that  it  can  be  set  so  as  to  trip 
the  transformer  circuit-breaker  in  case  of  sustained 
overload ;  but  at  the  same  time  selective  action  should 
be  obtained  so  that  in  case  of  a  short-circuit  on  one 
of  two  or  more  feeders  connected  to  the  transformer 
the  circuit-breaker  of  the  defective  feeder  will  open 
before  that  of  the  transformer  and  thereby  prevent 
loss  of  power  on  the  remaining  feeders.  As  the  bel- 
lows type  of  inverse-time-limit  overload  relay  gives 
practically  instantaneous  action  under  short-circuit 
conditions,  as  far  as  selective  action  is  concerned,  it 
is  obvious  that  such  types  of  relays  are  not  suitable, 
and  the  induction  type  of  relay,  with  a  torque  com- 
pensator that  can  have  its  minimum  time  setting  ad- 
justed within  a  range  of  o.i  to  at  least  2  seconds, 
should  be  used.  This  type  of  relay  will  give  the 
familiar  inverse-time  action  of  the  bellows  type  of 
relay  down  to  two  seconds  or  less,  as  may  be  deter- 
mined by  proper  relay  adjustment,  and  any  increase 
of  current,  such  as  occurs  during  short-circuit  condi- 
V      V     V 
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FIG.    3 — UIFFERENTIALLV-COXNECTED    RELAYS    FOR    TRANSFORMER 
PROTECTION 

tions,  will  not  cause  the  relay  to  trip  till  after  the 
1-redetermined  minimum  time  setting  has  elapsed, 
thus  allowing  the  relays  in  the  feeder  circuit  to  act 
first,  these  relays  having  been  set  for  shorter  mini- 
mum time  values.  In  short,  this  relay  is  a  combina- 
tion of  inverse-time  and  definite-time-limit  relay, 
lig.  2  shows  the  typical  curves  for  the  straight 
inverse-time-limit  relay  of  the  bellows  type,  and  the 
induction  type  of  definite  minimum  inverse-time-limit 
relay,  respectively.  Each  relay  curve  gives  the 
inverse-time  element  feature  down  to  two  seconds; 
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but  the  induction  relay  permits  far  greater  selective 
action,  since  the  curve  is  not  so  steep  as  with  the 
bellows  type. 

As  indicated  in  Fig.  i,  the  transformer  bank  for 
this  station  has  been  provided  with  instantaneous 
c'ififerentially  connected  overload  relays.     The  relays 
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FIG.     4 — RELAY     EQUIPMENT     TO     PREVENT     THE     CIRCUIT     BREAKERS 
FROM    OPENING    IN   CASE  OF  GROUNDS 

are  inoperative  under  any  condition  of  load  so  long 
as  there  is  no  breakdown  in  the  transformer  itself, 
since,  as  shown  in  Fig.  3,  the  relay  is  so  connected 
to  current  transformers  in  both  the  primary  and  sec- 
ondary side  of  the  power  transformer  banks  that  the 
relays  will  operate  only  when  a  difference  exists  in 
value  of  the  secondary  currents  of  the  two  sets  of 
current  transformers.  Obviously  such  a  condition  can- 
not obtain  unless  there  is  a  breakdown  in  the  winding 
of  the  power  transformer.  In  such  an  event  the 
relays  operate  and  trip  out  the 
circuit-breakers  on  both  sides 
of  the  transformer,  cutting  it 
off  from  the  system. 

The  feeder  circuits  are  pro- 
vided with  straight  inverse- 
time-limit  overload  relays. 
These  may  be  of  either  the  bel- 
lows or  induction  type,  depend- 
ing upon  whether  selective  ac- 
tion is  desired  between  the  cir- 
cuit breakers  and  others  out  on 
the  feeders. 

In  stations  employing  du- 
plicate transmission  lines  and 
having  the  neutrals  on  the 
high-tension  side  of  the  trans- 
formers grounded  through  a  limiting  resistance,  it 
is  often  desirable  to  provide  a  special  relay  equip- 
ment to  assist  in  maintaining  continuity  of  service 
to  the  system.  This  consists  of  a  special  instan- 
taneous circuit  opening  relay  connected  to  a  current 
transformer    in    the    neutral    ground    circuit.      The 


FIG.    5 — SYNCHRONIZING 
RECEPTACLE  AND  PLUG 


relay  will  operate  on  any  current  from  two  percent 
to  full  load  of  the  transformer  bank.  In  case  of 
a  broken  wire,  arcing  ground,  etc.,  this  relay  will 
open  the  tripping  circuit  of  the  straight  overload 
relays  and  prevent  the  feeder  circuit  breaker  from 
opening.  If  the  source  of  trouble  continues  for  any 
length  of  time  the  operator  has  time  to  cut  in  the 
parallel  feeder  and  manually  cut  out  the  defective 
feeder.  In  case  of  an  arcing  ground,  which  usually 
burns  itself  out,  the  relay  will  automatically  restore 
the  connections  to  the  overload  relays  when  the  trouble 
has  ceased.  In  event  of  a  three-phase  short-circuit,  the 
relay  in  the  neutral  circuit  would  of  course  be  inoper- 
ative and  the  overload  relays  would  trip  out  the 
feeder  circuit  breaker  at  once.  Fig.  4  shows  a  dia- 
gram of  connections  for  this  equipment. 

The  relay  equipment  for  the  local  service  feeder, 
•supplying  power  to  the  exciter  motor-generator  set, 
etc.,  has  been  equipped  with  definite-time-limit  relays 
in  order  to  prevent  this  circuit  breaker  from  coming 
out  on  sudden  overload,  such  as  starting  an  induction 


FIG.   O — AUTOMATIC   SYNCHRONIZER 

motor.  It  is  apparent  that  the  exciter  system  should 
not  be  subject  to  interruption,  unless  actual  damage 
to  the  exciters  would  result,  as  it  is  imperative  that 
the  generators  be  kept  excited  as  long  as  possible, 
unless  abnormal  conditions  exist. 

The  tie  bus-bar  circuit  breakers  have  been  made 
non-automatic,  since  these  circuits  are  merely  "by- 
passes" and  the  proper  protection  has  already  been  pro- 
vided in  the  main  circuits. 

In  some  large  capacity  installations  tie  bus-bar 
circuit  breakers  are  inserted  in  the  main  bus-bars 
between  groups  of  generators  and  normally  short- 
circuit  bus-bar  reactance  coils.  These  circuit  breakers 
are  then  made  very  quick  acting  and  are  provided 
with  instantaneous  direct-acting  trip  coils,  energized 
from  current  transformers  in  the  main  bus-bars. 
Should  a  short-circuit  occur  on  any  section  of  the 
bus-bar  the  circuit  breakers  on  either  side  of  the 
section  in  distress  would  immediately  open  and  cut 
in  the  bus-bar  reactance,  which  would  prevent  the 
generators  on  the  other  sections  of  the  bus-bar  from 
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feeding  into  the  short-circuit,  and  also  prevent  loss      Electrically-operated  field  switches  are  not  provided 


of  voltage  on  the  feeders  connected  to  the  sections  of 
the  bus-bar  not  in  distress. 


CONTROL    SWrTCHES 


Besides  the  control  switches  for  the  electrically- 
operated  (generator,  feeder,  bus-tie  and  other)  circuit 
breakers  that  may  be  required,  there  are  usually  sev- 
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with  indicating  lamps,  as  the  field  ammeter  gives  an 
indication  of  whether  the  switch  is  opened  or  closed. 


SYNCHRONIZING  DEVICES 

Synchronizing  receptacles  are  placed  either  di- 
rectly in  a  miniature  bus-bar  at  a  point  corre- 
sponding to  the  position  of  a  circuit  breaker  used  to 
connect  a  machine  or  incoming  feeder  to  the 
bus-bar,  or  else  conveniently  near  the  con- 
troller switch  of  the  synchronizing  circuit 
breaker,  thus  affording  the  operator  visual 
indication  that  he  is  using  the  proper  control 
switch  when  synchronizing.  The  synchron- 
izing schemes  usually  employed  with  con- 
trol desks  or  electrically-operated  panel 
boards  are  of  such  a  nature  as  to  interlock 
the  closing  circuit  of  the  circuit  breaker 
through  an  extra  contact  on  the  synchron- 
izing recc]itacle.  This  prevents  the  operator 
from  closing  the  circuit  breaker  without  first 
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FIG.  7 — CONNECTIONS   OF  AUTQM.\TIC   SYNCHRONIZER 


eral  other  electrically-operated  devices  to  be  con- 
trolled from  the  desk  or  board.  These  are  the 
motor-operated   governor  for  the   prime  mover,  the      the   standard   type  of   synchronizing  receptacle   and 


inserting  the  synchronizing  plug  into  the 
proper  receptacle,  and  upon  so  doing  the 
fact  is  brought  forcibly  to  mind  that  the 
particular  circuit  in  question  must  be  oper- 
ating synchronously  with  the  bus-bars  before 
attempting  to  close  the  circuit  breaker.    Fig.  5  shows 


electrically-operated  field-rheostat,  the  electrically- 
operated  field  switch,  etc.  In  hydro-electric  gener- 
ating stations,  controller  switches  for  operating  the 
motor-driven  headgates  on  the  penstock  are  often 
added  at  the  desk.    As  a  rule,  indicating  lamps  are 


]>lug  largely  used  where  machines  are  to  be  synchron- 
ized to  a  common  bus.  Only  one  plug  is  used  for  the 
entire  board. 

Another  desirable  form  of  synchronizing  outfit  is 
;;  rotary  drum-type  switch  which  may  be  turned  to 


not  supplied  with  these  control  switches.     However,      the  right  or  left  by  means  of  two  different  removable 


in  the  case  rtf  headgate  motors,  they  are  sometimes 
used  to  indicate  the  limits  of  travel  of  the  gate  or  the 
satisfactory  operation  of  the  motor.  The  control 
switch  for  the  headgate  motors  is  usually  designed  so 
that,  when  thrown  to  the  position  for  raising  the 
headgate,  the  switch  must  be  held  by  the  operator 
during  the  operation.  This  prevents  the  gate  from 
being  opened  too  wide.  The  reverse  connection,  how- 
ever, can  be  made  and  left  connected  by  the  oper- 
ator, the  motor  being  stopped  at  the  end  of  travel  by 
suitable  limit  switches  at  the  headgate.  This  ar- 
rangement is  desirable,  as  it  permits  the  operator  to 
start  the  closing  of  the  headgates  in  case  of  trouble, 
and  then  turn  his  attention  to  something  else  of  im- 
portance that  is  usually  occurring  at  such  a  time. 

The  governor  motor-control  switch   requires  no. 
lamps,  since  the  synchroscope  and  frequency  meter 


keys  or  handles.  These  two  keys  are  painted  differ- 
ent colors,  usually  red  and 
Idack,  one  known  as  the  "in- 
coming key"  and  the  other  as 
the  "running  key."  This  type 
of  switch  is  also  provided  with 
contacts  for  the  synchroscope 
and  for  the  closing  coil  circuit 
of  the  oil  circuit  breaker,  if  de- 
sired. 

To  further  assist  operators, 
and  to  prevent  them  from  con- 
necting together  circuits  that 
liave  not  been  properly  syn- 
chronized, an  automatic  syn- 
chronizer may  be  used  to  excel- 
lent   advantage.     This    instru- 
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give  indication  as  to  a  change  in  the  speed  of  the  ment  is  essentially  a  balancing  type  relay,  consisting 

prime    mover.      Electrically-operated   rheostat   face-  oi  a  walking  beam,  at  each  end  of  which  is  a  solenoid, 

plates  occasionally   have  a   lamp   to   indicate  a   pre-  Each  solenoid  has  two  windings,  one  connected  to  a 

determined   position  for  the  rheostat  arm  after  the  voltage  transformer  energized  from  the  bus-bars  or 

machine  has  been  running  and  the  fields  have  become  running  circuit,  and  the  other  connected  to  a  voltage 

heated.     This  is  very  desirable  in  case  an  automatic  transformer    energized    from    the    incoming    circuit, 

voltage  regulator  is  used,  as  correct  rheostat  settings  The   windings  on   the  solenoids  are   so   related   that 

are    essential    to    successful    regulator    application,  only  when  the  two  circuits  are  in  phase,  and  approxi- 
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mately  at  synchronous  speeds,  will  the  walking  heam 
close  an  auxiliary  contact,  which  in  turn  C(>m])letes 
the  circuit  through  a  suitable  relay  switch  to  the 
closing  coil  of  the  circuit  breaker  of  the  incoming  ma- 
chine. Fig.  6  shows  a  front  view  of  this  device,  and 
Fig.  7  a  diagram  of  connections  for  synchronizing 
automatically  two  generators. 

The    particular    method    of    synchronizing    to    be 
selected  depends  largely  upon  the  general  scheme  of 


Return  Signals  on  Pedestal  ne.-ir  Engrne 
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connections  iiu'olved.  In  stations  where  there  are 
but  a  few  machines  feeding  into  single  or  double  bus 
that  is  not  sectionalized,  the  method  of  synchronizing 
each  machine  to  the  bus  generally  works  otit  to 
advantage.  Where  the  bus  is  sectionalized  or  a  ring 
bus  is  employed,  the  method  of  synchronizing  be- 
tween machines  usually  gives  better  satisfaction, 
since  it  simplifies  the  synchronizing  wiring  and  re- 
dtices  to  a  minimum  the  number  of  voltage  trans- 
formers required. 

SIGNAL    S^'STEMS 

With  large  generating  units,  electrically-operated 
desks  and  Ijoards  are  frequently  provided  with  a  set 
of  signaling  devices  on  the  generator  sections, 
whereby  the  switchboard  operator  may  keep  in  close 
touch  with  the  generator  room  when  starting  up  and 
connecting  in  an  idle  generator  or  when  shutting 
down  a  running  machine.  These  signaling  de\-ices 
are  dujdicated,  one  set  being  at  the  control  desk  and 
the  other  in  the  engine  room  near  each  prime  mover. 
The  outfit  usually  consists  of  from  four  to  six  indi- 
cating lamps,  with  flush  type  push-buttons  and  suit- 
able legends,  either  on  the  lenses  of  the  lamps  or  on 
the  push-lnitton  face  plate.  The  legends  commonly 
employed  are  "Stand  By,"'  "Fast,"  "Slow,"  "Shut 
Down,"  "O.  K.,"  "Transfer  Load,"  and  the  like. 
There  should  also  be  an  additional  push-button  on 
the  desk  which  will  cause  an  electrically-operated 
whistle  to  blow  or  gong  to  ring,  thus  calling  the 
attention  of  the  engineer  to  his  signal  panel.  The 
switchboard  operator  may  then  instruct  the  engineer 
to  start  up  a  new  machine  and  order  the  speed  raised 
or  lowered  to  expedite  synchronizing,  the  engineer 


signaling  Ijack  to  the  switchboard  as  soon  as  he  has 
followed  instructions.  Fig.  ,S  shows  a  signal  pedestal 
fur  use  in  the  generator  room,  and  Figs.  9(a)  and  (b) 
the  diagram  nf  connections  for  an  equipment  such  as 
is  partly  shciwn  bv  Fig.  8. 

EXCITER    CONTROL 

The  question  of  the  exciter  system  is  too  broad  to 
IjC  covered  in  a  short  article,  and  only  the  general 
control  features  will  be  cited.  In  power  stations  of 
medium  size  using  an  electrically-operated  switch- 
board, the  exciter  control  is  generally  arranged  for 
liand  operation  on  a  separate  panel  board  located  near 
the  control  desk,  as  this  method  is  the  most  eco- 
nomical. In  larger  stations  it  is  generally  the  prac- 
tice to  make  the  exciter  switches  and  rheostat  (if  the 
exciters  are  of  large  capacity)  electrically-operated 
and  controlled  from  a  section  of  the  desk  or  panel- 
board.  In  either  case  the  exciter  circuits  are  equipped 
with  ammeters,  x'oltmeters,  imn-automatic  switches 
and  suitable  rheostats.  Practically  all  large  modern 
power  stations  employ  some  form  of  voltage  regulat- 
ing equipment  in  order  to  vary  the  degree  of  excita- 
tion required  by  the  generators  automatically  for 
different  conditions  of  load  on  the  station. 

THE    MINI.\TURE    BUS 

For  the  proper  and  efficient  operation  of  an  elec- 
trically-operated panel  board  or  control  desk  of  any 
size  a  miniature  bus  is  extremelv  desirable.     It  fur- 
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place  on  station  wall,  visible 
from  all  points 
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With  illuminated  .signal  to  call  engineer's  attention  to  a 
particnlar  machine. 

nishes  to  the  operator  a  birdseye  view,  as  it  were, 
of  the  station  wiring,  since  the  miniattire  is  a  skeleton 
or  single-line  diagram  of  all  the  main  circuits  of  the 
station,  with  devices  for  indicating  the  relative  loca- 
tions of  all  circuit  breakers,  disconnecting  switches, 
generators,  power  transformers  and  feeder  circuits. 
The  miniature  bus  is  usually  mai;le  of  polished  copper 
strap  run  along  the  top  of  the  desk,  or,  in  case  of  a 
vertical  board,  on  the  face  of  the  panels. 
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The  layout  of  the  miniature  bus  of  a  large  gener- 
ating station  controlling  eight  generators  is  shown  in 
Fig.  10.  The  generators  have  been  grouped  in  pairs, 
and  each  pair  of  generators  connects  to  a  local  bus ; 
from  there  to  a  step-up  transformer  bank,  and  then  to 
two  high-tension  feeders.     There  is  a  common  low- 


A  diagram  of  the  control  desk  in  another  station, 
in  which  the  generators  and  transformer  banks  are 
grouped  at  one  end  of  the  desk  and  the  feeders  at  the 
other  end,  is  shown  in  Fig.  ii.  Due  to  the  various 
auxiliary  and  tie  busses  the  desk  is  largely  covered 
by  numerous  miniature  bus-bars.     In  order  to  dis- 
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tension  au.xiliary  bus  to  which  all  the  generators  and 
transformer  banks  may  be  connected  if  desired,  so  as 
to  permit  any  generator  of  one  group  to  feed  a  trans- 
former bank  in  another  group.  In  a  similar  manner 
there  is  a  high-tension  tie  or  auxiliary  bus  which 
permits  any  transformer  hank  to  be  connected  to  any 
group  of  outgoing  feeders. 

The  actual  location  of  the  circuit  breakers  corre- 
sponds to  the  arrangement  indicated  on  the  miniature 
bus.  By  grouping  the  controller  switches  corre- 
sponding to  the  respective  generator,  transformer, 
feeder  and  tie  breakers  as  shown,  instead  of  placing 
the  generator  control  switches  on  one  desk  section, 
transformer  control  switches  on  another  section,  etc., 
the  miniature  bus  layout  is  greatly  simplified  and  at 
the  same  time  gives  a  clear  and  concise  reproduction 
of  the  actual  connections  existing  in  the  circuit 
breaker  structures.  For  stations  having  two  or  more 
circuits  of  different  voltages,  such  as  2  200  volts  for 
generators,  1 1  000  volts  for  local  feeders  and  44  000 


tinguish  between  the  different  miniature  busses  on 
this  particular  installation,  the  high-tension  and  low- 
tension  busses  were  made  in  different  colors.  The 
low-tension  generator  bus  was  finished  in  polished 
nickel ;  the  neutral  bus  between  the  transformers  in 
mottled  oxide  nickel,  and  the  main  high-tension 
busses  in  polished  copper.  The  high-tension  relay 
busses  were  finished  in  mottled  oxide  copper. 

The  use  of  different  finishes  on  these  miniature 
busses  facilitates  the  operation  of  the  plant,  enabling 
the  attendant  to  ascertain  readily  that  he  is  handling 
the  correct  control  switch  for  operating  the  desired 
circuit  breaker.  The  relative  location  of  the  circuit 
breakers  is  shown  by  placing  either  the  dial  plate  and 
handle  of  the  controller,  or  the  indicating  lamp  (usu- 
ally red)  for  the  closed  position  of  the  circuit  breaker, 
directly  in  the  miniature  bus. 

Accessories  Used  li'itli  Miniature  Bus — Many  dif- 
ferent devices  for  indicating  the  location  of  gener- 
ators, transformers,  disconnecting  switches,  feeders, 
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volts  or  higher  for  main  feeders,  it  sometimes  be- 
comes desirable  to  indicate  unmistakably  the  voltage 
of  the  different  portions  of  the  station  circuits.  This 
is  readily  accomplished  by  giving  the  respective  por- 
tions of  the  miniature  bus  different  finishes,  such  as 
polished  copper,  mottled  oxide  copper,  nickel,  etc. 


etc.,  are  employed.  General  practice,  however,  has 
given  rise  to  certain  forms  that  are  simple  and 
effective. 

The  location  of  a  generator  is  usually  indicated  by 
means  of  a  card-holder  placed  at  the  end  of  the  minia- 
ture bus  strip  representing  the  connections  from  the 
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generator.  Pdwer  transformers  are  indicated  by 
breaking  the  miniature  bus  and  placing  two  short 
pieces  at  right  angles  to  it,  to  represent  the  high  and 
low-tension  windings  of  the  transformer,  or  by  put- 
ting card-holders  at  right  angles  to  the  bus.     Feeder 
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circuits  are  either  supplied  with  card-holders  at  the 
end  of  the  strip  of  miniature  bus,  thus  allowing  a  card 
to  be  inserted  with  the  name  and  number  of  the  par- 
ticular feeder  circuit,  or  they  are  tipped  with  an 
arrow  head ;  sometimes  both  devices  are  employed. 

Disconnecting  switches  are  usually  indicated  by 
a  device  which  will  indicate  the  open  and  closed 
position  of  the  switches.  One  common  way,  which 
is  the  height  of  simplicity  and  at  the  same  time  is 
rugged  and  reliable,  is  to  use  a  dummy  disconnecting 
switch  consisting  of  a  small  piece  of  metal  on  the  top 
of  the  miniature  bus  in  the  proper  relative  location. 
One  end  of  this  dummy  switch  is  hinged  to  a  pair  of 
phosphor-bronze  clips  that  are  bent  toward  each 
other  so  as  to  prevent  the  dummy  switch  from  being 
turned  over  without  positive  action  on  the  part  of  the 
operator.  One  side  of  the  dummy  switch  is  given  a 
polished  copper  finish  the  same  as  the  miniature  bus, 
and  when  this  side  is  uppermost  it  indicates  that  the 
actual  disconnecting  switch  is  in  the  closed  position. 


The  other  side  of  the  dummy  switch  is  finished  in 
black,  and  when  this  side  is  uppermost  an  apparent 
"break"  has  been  made  in  the  miniature  bus  indi- 
cating that  the  actual  disconnecting  switch  is  in  the 
open  position.  A  drawing  of  this  switch  is  shown 
in  Fig.  12. 

Another  method  for  indicating  the  disconnecting 
switches  is  to  insert  small  telephone  switchboard 
lamps  in  the  miniature  bus,  as  shown  in  Fig.  13,  and 
run  wires  to  snap  switches  located  near  each  set  of 
disconnecting  switches.  The  snap  switch  is  turned 
to  the  position  corresponding  to  that  of  the  dis- 
connecting switch  and  the  correct  indication  ap- 
pears on  the  desk.  This  method,  while  somewhat 
more  expensive  on  account  of  the  additional  cost  for 
control  wiring,  has  the  advantage  of  giving  more  reli- 
able information  as  to  the  actual  position  of  the  dis- 
connecting switches,  since  in  the  other  method  there 

Y-Minioture. 
Bus 


Lamp 


Soche. 


Top  of 
Desk 


Wire  attached  here 
FIG.  13 

is  a  possibility  that  the  operator  at  the  control  desk 
may  forget  to  set  the  dummy  disconnecting  switches 
in  the  proper  position ;  or  a  misunderstanding  may 
arise  between  the  desk  operator  and  the  attendant 
who  operates  the  disconnecting  switches. 


Psychology  of  Public  Utilities 

George  P.  Roux 
Consulting  Engineer,  Philadelpliia,  Pa. 

PUBLIC  UTILITIES  have,  under  the  impulse  of  their  usefulness  to  society,  progressively  emerged  from 
ordinary  mercantile  or  industrial  undertakings  into  deep-rooted  social  institutions  of  incontestable  utility, 
an  attribute  of  civilization,  and  almost  necessary  to  our  existence.  This  evolution  was  made  possible  by  the 
persistent  and  hearty  co-operation  of  the  promoters  and  the  unconscious  co-operation  of  the  public.  Far 
reaching  and  better  economical  results  could  be  attained  by  a  closer  co-operative  action  on  the  part  of  the 
public  obtainable  only  by  education,  diffusing  a  better  knowledge  and  acquaintance  of  the  public  with  the 
true  character,  the  aims  and  ambitions  of  the  public  utilities ;  a  task  that  falls  within  the  duties  and 
incumbencies  of  tlie  public  utilities. 


THE  evolution  of  public  utilities  has  been  the  re- 
sultant of  never-ceasing  efforts  toward  the  com- 
pletion of  a  monument  to  civilization  shaped  like 
a  pyramid  and  culminated  by  the  word  "service."  The 
base  of  the  pyramid,  constantly  widening,  has  followed 
the  growth  of  the  business,  and  by  concentration,  consol- 
idation, progress  and  improvements,  under  the  impulse 
of  the  continuous  labor  of  the  builders,  has  acquired  a 
degree  of  stability  and  usefulness  unparalleled  by  any 
other  industry  or  business.     Unlike  other  undertakings 


of  benefit  to  mankind,  public  utilities  have,  during  their 
constructive  period,  like  the  settlers  of  the  early  days, 
fought  a  continuous  battle,  overcoming  every  obstacle 
either  technical,  theoretical,  practical,  financial,  political 
or  social,  supported  in  their  struggle  by  an  unfaltering 
faith  worthy  of  the  ultimate  commendable  achievement. 
Few  realize  the  economic  revolution  brought  about 
by  public  utilities,  fewer  still  conceive  the  importance 
and  magnitude  of  their  tasks  and  intricacies  of  their 
duties ;  but  many  are  those  who  find  pretexts  to  criticize 
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these  ])uMie  undertakings,  umloubteilly  due  to  a  lack  of 
ac(|uaintance  with  the  lal)orious  modus  opcrandt  of 
these  jjeaceful  aUies  of  our  social  existence. 

Mowherc  do  we  find  as  complex  a  problem  as  the  one 
confronlins  daily  the  public  utilities.  Of  all  the  com- 
modities ottered  to  the  public,  those  produced  by  jjublic 
utilities  are  the  ones  more  stringently  regulated  and 
supervised  and  yet,  unlike  all  others,  they  have  never 
been  the  object  of  sjjeculation  :  in  fact,  their  very  nature 
])reclude  anv  speculative  idea.  The  absence  of  market 
{[notations  on  commodities  such  as  kilowatt-hours,  cul)ic 
feet  of  gas.  gallons  of  water,  telephone  calls,  telegraphic 
messages  or  mileage  books,  is  worthy  of  serious  medita- 
tion. W'c  have  never  heard  of  the  "bears"  or  "bulls" 
attempting  to  maniinilate  these  commodities,  neither 
have  we  heard  of  any  ill-designs  to  corner  these  prod- 
ucts. Instead,  these  commodities  are  freshly  made  by 
the  i)ublic  tuilities  and  delivered  to  the  consumer  di- 
rectly, without  the  levy  of  brokerage  taxes  by  inter- 
mediaries, as  is  tisual  in  many  other  articles  of  ptiblic 
necessity. 

The  products  manufactured  and  distribiUed  by  the 
public  utilities  take  the  final  form  of  a  "service"  at  the 
command  of  the  consiuner  ;  this  service  is  ever  ready  to 
respond  to  its  call  without  previous  notice  and,  as  it 
were,  at  the  slight  ])ressure  of  a  l)Utton.  While  delays, 
hazards,  contingencies  and  demurrages  are  consented  to 
by  the  public  when  dealing  with  other  commodities,  the 
slightest  mishap  provokes  its  irritability  when  it  hap- 
pens with  the  service  of  a  public  utility.  This  may  not 
be  a  discriminatory  inclination  against  public  utilities, 
but  it  is  surely  an  indication  of  an  excess  of  leniencv 
toward  the  other  commodities. 

Statistics  are  interesting  in  that  they  are  the  mirror 
which  reflects  historical  events,  giving  in  condensed  form 
economical  restilts  of  given  periods.  An  analysis  of  the 
cost  of  commodities  for  the  last  twenty  years*  reveals 
the  fact  that  the  cost  of  living  has  increased  some  26 
percent.  The  following  tabulation  comjiiled  from  data 
based  on  the  lyio  census  .shows  the  ])ercentage  increase 
in  cost  of  the  most  popular  commodities: — 

g""" 44. S  Cheese 470 

Eggs.- 740  Condensed  milk 62:; 

Canned  vegetables  32  Cream 7 ,  „ 

Canned  hshes,  13,8  Canned  oysters  1,8 

Smoked  fishes  6j.o  Salted  fishes .  .  ,',  O 

Wheat  nour  .56,8  Buckwheat  floiH  .s,. 

Corn  meal..  60  6  Cleaned  rice.  i-    .; 

Fresh  beef.  , , .  „  Prcsh  veal .  .;  ,V 

Fresh  mutton.  ...43.6  Fresh  pork..  821 

Hams  and  bacons        474  Lard 800 

Soap  (hard)                           2r,o  Soap  {soft  >  80 

Dry  edible  beans.  284  Dry  peas  8,'6 

'■'■•••""ts S4„  Potatoes  '    ,8  8 

Sweet  notatoes..  28  ..  Nuts...  ;:    46:5 

Small  fruits  301  Orchard  fruits  61  ^ 

Tobacco.  .  5„.:5  Oats '.'.    -t.% 

Cotton.  .Q4.(,  Wool 00 

Carpets  .52.5  Rugs '    ,40 

Cotton  (win,  .27.2  Cotton  goods.  "    ,,8 

Ginghtuns  .20.5  Duck IVi 

Napped  fabrics  ,23,4  Cottonades.  ','.  'i, 

Felt  cloths    .  .33. 1  Fur  feU  hats  ,,  „ 

Wool  fet  hats.  .57.3  Cotton  hoses.  i  •  ,s 

Cotton  h.alf  hoses 15.1  Coinbination  suits  ,.\- 

Woves  and  mittens 47.0  Oil  cloth  (floor) .  (,.(', 

Plain  and  fancy  silk        3.0  Screes  ,ind  .suitim-s  ~-    , 

Sole  leather  .35.0  Lumber  380 

Horses     .  ,,4.0  Mules  .107.0 

Swmc.  86. 0  Cattle.  ,\    , 

Dairy  cows  .16.0  Sheep  60  ii 

Goats .41 .0 

*GivCTi  ill  the   United  States  Ciiisus   Reports  for   iSqo  and 
1910. 
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In  contra.st,  the  cost  of  the  following  articles  have 
decreased  in  jjcrcent : — 

Canned  fruits 64  Dried  fruits  120 

Sugar 6.8  Salt...  28.0 

Illuminating  gas.  .  IS  o  Gas  oils  20.2 

Illuminating  oils 4.5 

Silk  h.alf  hose 44.0  Shirts  and  drawers 18.5 

Broad  silks 2  5  Velvets  . 2-0 

Organzinc  and  tram o.  s  Wool  cloths. .  »  5 

Wool  and  cotton  goods 6.0 

Structural  steel  shapes 10.0  Steel  products.  <'  o 

Copper 2.2  Coppermre _   _         0.03 

The  o-eneral  increase  in  the  cost  of  commodities  has 
not  been  due  to  a  decrease  in  production  or  scarcity  ot 
the  products  ;  on  the  contrary,  there  has  been  a  consid- 
erable increase  in  the  production  of  all  of  these  com- 
modities. .\  few  of  the  raw  materials  entering  into  the 
manufacture  of  the  efpiipments  used  by  public  utilities 
have  also  increased,  following  the  ascending  cost  of 
other  commodities,  thus: — 

Pig  iron 5.6  percent         Rails 310  percent 

Common  bricks .  .  .11.0  Lumber 38.0 

The  raw  materials  entering  into  the  manufacture  of 
pulilic  utilities  jiroducts  have  also  increased  in  cost  very 
m.iteriallv,  taxing  in  ])roportion  the  investments  and  cost 
of  nKiintenance  of  public  utilities  during  this  period,  for 
e.xam[)le  : — 

Bituminous  coal 22. 2  percent         Coke.  27.0  percent 

.■\nthracite  coal 32.0 

.\nd  yet  the  cost  of  electrical  energy  for  light  and 
power  services  has  undergone  a  notable  reduction.  The 
Bureau  of  Census  give  the  following  figures : — 


Year 

Grcss  Income 
Operati.'.g 

Kw-Hr. 
Output 

.\veraRC  \'alue. 
Cents  per  Kw-Hr. 

1002 
1012 

S  84  186  60s 
286  980  8s8 

2  507  est  115 
1 1  532  963  006 

3.4 
2.5 

or  a  decrease  from  an  average  value  for  the  United 
States  of  2/  percent.  Illuminating  gas  show  likewise  a 
reduction  of  15  percent. 

Thus  we  find  a  remarkable  accomplishment  in  that, 
in  sjjite  of  a  general  increase  in  the  cost  of  the  majority 
of  commodities,  the  public  utilities  have  considerably 
reduced  their  rates  for  service.  Such  results  prove  be- 
\ond  doubt  the  aim  and  object  that  these  undertakings 
have  constantly  in  view — a  better  product  and  a  better 
service  at  a  lower  cost.  These  results  are  traceable  to 
the  ceaseless  efforts  of  the  public  utilities  toward  in- 
creased efficiency  in  every  department,  .scientific  man- 
agerial methods,  progressive  policies  and  earnest  and 
united  co-operation  of  all  forces. 

The  organism  of  public  utilities  is  generally  grossly 
misunderstood  by  the  ])ublic,  their  aims  and  policies  are 
variously  interpreted  and  their  functions  with  regard  to 
our  social  existence  misconceived.  All  the  contingencies, 
liabilities,  hazards,  exigencies  and  requirements  of  all 
ether  classes  of  business  combined  confront  the  public 
utilities  with,  in  addition,  risks,  hazards  and  other  in- 
cumbencies unknown  in  any  other  commercial  or  indus- 
trial undertakings.  It  must  be  constantly  prepared  to 
meet  instantly  every  emergency,  anticipate  all  demands, 
respond  to  every  fluctuation,  maintain  its  service,  im- 
prove its  products,  adapt  itself  to  all  circumstances  and 
win  its  trade  by  the  quality,  economy  and  convenience 
of  its  services. 
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The  character  of  the  services  rendered  by  a  public 
iitihty  to  humanity  is  essentially  of  a  co-operative  origin  ; 
it  is  a  service  which  through  usage,  custom  and  conveni- 
ence has  become  a  necessity,  although  the  public  could 
do  without  it,  as  in  times  past,  but  not  without  serious 
annoyance. 

The  idea  that  a  public  utility  is  an  anonymous  cor- 
poration devoid  of  soul  and  with  nothing  in  view  but  to 
devise  means  and  ways  to  drain  the  public's  money  into 
its  own  pockets  is  absurd.  It  is  a  co-operative  organiza- 
tion created  for  rendering  a  common  service.  Dissemi- 
nated individual  action  could  not  maintain  and  offer  to 
the  ])iiblic  an  adequate  and  reliable  service.  The  co- 
operation of  eiTorts  into  united  action  can  insure  such  a 
service.  Erratic  individual  efTorts  for  the  elaboration 
of  commodities  of  public  necessity  lack  the  fundamental 
element  requirefl  for  the  guaranty  of  service.  It  was 
found  necessary  to  concentrate,  centralize  and  consoli- 
date these  etTorts,  which  led  to  the  creation  of  what  is 
known  as  "public  utilities."  To  imply  that  public  utili- 
ties include  only  those  associations  dealing  only  in 
water,  gas,  electricity,  transportation,  telephony  or  teleg- 
raphy is  erroneous.  Broadly  speaking,  the  handling  of 
any  commodity  by  a  number  of  individuals  constitutes  a 
public  utility.  Hence  in  the  midst  of  the  civilization  in 
which  we  live,  every  one  of  us  is  engaged  in  some  way, 
directly  or  indirectly,  in  the  performance  of  some  act  or 


acts  of  a  public  utility  character.  In  our  great  struggle 
for  life  each  one  of  us  is  sharing  a  part  of  the  service 
in  pro]jortion  to  our  means,  aliility,  inclination  or  apti- 
tudes :  in  other  words,  we  are  all  putting  our  services, 
in  common  for  our  own  jjreservation.  for  our  own  co- 
operative existence. 

Men.  like  plants,  left  to  themselves,  could  not  exist. 
Their  means  of  subsistence  is  made  possible  only  through 
co-operative  action.  We  all  contribute  in  some  way  to 
our  common  subsistence,  irrespective  of  our  activity,  of 
our  strength,  of  our  aptitude,  willingness  or  walks  in 
life.  Every  social  act  of  our  life  is  for  the  benefit  of 
mankind  at  large  and  we  are,  therefore,  individually  and 
collectively,  engaged  in  one  or  more  public  utility  enter- 
prise, either  directly  or  indirectly,  because  we  are  all. 
in  some  degree,  contributing  our  share  in  the  perform- 
ance of  some  labor  useful  to  others  besides  ourselves. 

The  degree  of  economic  usefulness  of  public  utility 
enterprises  depends,  above  all,  on  the  public's  patronage. 
Being  essentially  co-operative  organizations  for  the  pro- 
motion of  a  service  of  a  co-operative  nature,  tlieir  effici- 
encv,  quality  and  econoni}'  depend  primarily  on  the  pub- 
lic's support.  It  is,  therefore,  and  in  no  small  measure,  up 
to  the  public  itself  to  encourage  such  enterprises  by  its 
close  co-operation,  as  well  as  supervision,  in  order  to  reap 
the  benefits  inherent  to  a  greater  undertaking,  of  cheaper 
and  better  service  or  a  more  commodious  commodity. 


Manhole  Transformers 


FOR   UNDERGROUND  ALTERNATING-CURRENT   DISTRIBUTION 

E.  G.  Rekd  ■  -  ^  ,.         ,   _.,^^-:V;...-  ';     ,■ 

ALTERNATING-CURRENT    underground    dis-     holes  getting  into  the  transformers.     Of  the  other  three 
tributmg  systems,    for  commercial   lighting  and      companies,  two  reported  practically  no  trouble,  and  the 
power  purposes,  are  coming  into  general  use  for      third  had  trouble  with  poor  cables.     Thus  a  large  part 
congested  districts  and  to  some  extent  are  replacing  the     of  the  trouble  in  operating  manhole  transformers  can  be 
older  direct-current  systems  of  distribution.     Relatively      traced  to  an  inelTective  joint  between  the  case  and  cover, 
the  amount  of  electrical  energy  delivered  by  such  sys-      to  the  point  where  the  bushings  issue  from  the  trans- 
former, or  to  the  safety  relief  valve.    While  it  has  been 
considered  necessary  that  underground  transformers  be 
])rovided  with  emergency  relief  valves  or  vents  in  order 

...^ pressures    within    transformer 

the  consensus  of  o])inion  that  the  use  of 
such  devices  is  entirely  unnecessary. 

There   are   a    number   of    tyi)es   of    manhole   trans- 


tems  through  manhole  transformers  is  small.  Also, 
underground  distributing  systems,  operating  at  2000  to 
4000  volts,  and  in  some  cases  as  high  as  15  000  volts,  re- 

qiure   equipment   and   construction   dilTering   materially      to    prevent    dangerous 
from  that  employed   in  other  systems  of  underground      cases,  it  is  now 
distribution.     For  these  reasons  the  alternating-current 
underground  system  of  distribution  has  not  been  stand- 
ardized to  the  same  extent  as  the  other  systems. 

The  transformer  is  possibly  the  most  important  link 
in  such  a  system,  as  it  is  installed  in  a  manhole  and  sub- 
ject to  severe  conditions  in  normal  ojjerating  service. 
The  1912  report  of  the  National  Electric  Lighr  Associa- 
tion committee  on  underground  construction  contains  a 
table  showing  the  chief  causes  of  trouble  in  operating 
underground  systems.  All  the  operating  companic^. 
whose  reports  were  given,  used  a  type  of  transformer 
in  which  special  precautions  were  used  to  keep  the  trans- 


formers ditTering  to  a  considerable  degree  as  to  details 
I  if  construction.  The  general  design  of  transformers  of 
tliis  class  is  shown  in  Figs,  i  and  2.  The  particularly 
important  features  of  these  transformers  are  the  joints 
between  case  and  cover  and  the  outlet  bushings.  The 
transformers  shown  are  designed  so  that  they  will  stand 
an  air  jjressure  of  approximately  ten  pounds  per  square 
inch  for  an  indehnite  time.  That  is,  if  an  air  connection 
be  made  to  the  transformer,  the  pressure  inside  the  tank 
raised  to  ten  ])ounds  per  square  inch  and  then  the  valve 


former  water-tight.  The  tabulation  gives  the  names  of  closed,  the  [pressure  inside  the  tank  will  remain  at  the 
nine  operating  companies  and  the  troubles  which  they  same  point  for  days  without  showing  an  appreciable  re- 
have  experienced.  Six  of  these  had  transformer  trouble  duction.  The  details  of  the  outlet  bushings  are  shown 
that  could  be  traced  directly  to  water  from  flooded  man-  '"  I^'R-  3-     It  will  be  apparent  from  an  examination  of 
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these  figures  that  the  vital  jKirl  of  this  particular  hush- 
ing is  a  standard  hrass  pipe  union,  the  bearing  surfaces 
of  which  are  groiuid  and  which,  wlien  clamped  together, 
form  as  good  a  joint  .-is  can  be  secured.  Safety  relief 
valves  are  not  provided  with  these  transformers  for  the 
reasons  already  given,  but  a  gas  plug  hole  is  jarovided 
in  the  cover  through  which  oil  may  be  poured  and 
through  which  an  inspection  of  the  transformer  can  be 
made  without  removal  of  the  cover. 

The   importance   of   maintaining   the   oil    in    under- 


any  special  means  of  ventilation  other  than  that  aflforded 
by  a  perforated  manhole  cover.  Another  rule  is  that 
about  eight  watts  of  transformer  loss  may  be  allowed 
per  square  foot  of  wall  surface.  In  moist  soil  with  a 
ventilated  chamber,  twelve  watts  may  be  allowed,  while 
under  unfavorable  conditions  not  more  than  six  watts 
is  jjermissible.  The  floor  and  roof  should  be  included  in 
the  determination  of  the  wall  surface. 

When  the  transformer  capacity  in  a  single  manhole 
reaches  200  k.v.a.  or  more,  under  conditions  where  the 


ground    transformers   in    perfect   condition,    free    from  rules  given  above  are  not  complied  with,  some  special 

moisture  or   sediment,  cannot  be  too  strongly   empha-  facilities  for  ventilation  must  be  provided  in  order  to 

sized.     If  transformers  are  maintained  continually  at  a  avoid  temperature  rises  in  excess  of  those  considered 

constant  temperature  they  will  operate  for  a  long  time  permissible.     Natural  ventilation  is  to  be  preferred  in 

with  a  considerable  amount  of  water  in  them.    If,  how-  all  cases  where  conditions  are  favorable  for  the  installa- 

evcr,   the  transformer   is   allowed   to   cool  and   is  then  tion  of  suitable  means  for  providing  a  rapid  circulation 

again  warmed  up,  a  short-circuit  will  usually  result.  The  of  air  through  the  manhole.     In  some  cases  a  cold-air 

cooling  of  the  transformer  seems  to  ])ermit  the  water  to  intake  is  provided  at  the  bottom  of  the  manhole  and  a 

penetrate  the  windings.  vent  at  the  top,  the  outlet  being  usually  placed  alongside 

Aside  from  the  burnouts  due  to  water  getting  into  an  adjacent  building.     In  some  special  cases  recourse  is 

the  transformer,  another  source  of  trouble  may  be  insuf-  had  to  artificial  circulation  by  placing  small  blowers  in 

ficient  protection   from  overload.     In  general,  manhole  the  manholes. 

Due  to  relatively  unfavorable  conditions  as  regards 
cooling    under    which    manhole    transformers    operate. 


FIGS.    I    AND 
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transformers  are  not  so  well  supjilied  with  protective 
devices  as  are  the  transformers  used  for  overhead  work. 
With  a  few  exceptions  it  has  been  common  practice  to 
connect  underground  transformers  to  the  primary  mains 
without  automatic  protection  of  any  form  other  than  the 
automatic  devices  in  the  station.  In  the  cases  referred 
to  as  exceptions,  special  fuse  devices  of  the  cartridge 
and  oil  types  have  been  employed  with  some  measure  of 
success.  In  general,  however,  the  use  of  fuses  on  under- 
ground systems  has  given  more  or  iess  trouble.  The 
need  of  automatic  protection  in  the  form  of  fuses  or 
other  devices  performing  similar  functions  was  greater 
in  the  past  than  at  the  present  time.  Transformers  as  now 
manufactured,  when  properly  installed  and  cared  for, 
will  give  reliable  service  without  automatic  protection. 

The  temperattu"e  and  ventilation  of  the  manholes,  as 
well  as  the  temperature  rise  characteristics  of  the  trans- 
formers themselves,  also  have  a  general  bearing  on  the 
number  of  failures  in  service  due  to  high  temperatures. 
In  temperate  zones,  transformers  of  moderate  capacities 
may  be  safely  installed  in  manholes  where  three  cubic 
feet  of  space  per  k.v.a.  is  provided,  without  installing 
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their  temperature  rise  at  rated  load  is  made  reasonably 
low.  While  the  permissible  temperature  rise  of  distrib- 
uting transformers,  according  to  the  rules  of  the  Amer- 
ican Institute  of  I'.lectrical  Engineers  is  55  degrees  C, 
for  conservative  reasons  manhole  transformers  are  de- 
signed for  a  50  degrees  C.  rise  under  normal  load. 

The  windings  and  magnetic  circuit  of  the  manhole 
transformers  are  the  same  as  for  standard  pole-type  dis- 
tributing transformers,  as  the  performance  require- 
ments, voltage  and  ratings  for  the  two  lines  of  trans- 
formers are  the  same.  The  fact  that  certain  parts  are 
interchangeable  between  the  two  types  of  transformers 
is  an  advantage,  both  to  the  manufacturer  and  the  ojier- 
ator.  The  supplying  of  repair  parts,  spare  units  and 
parallel  operation  are  thus  much  simplified. 

The  foregoing  analysis  of  the  general  subject  of  the 
alternating-current  underground  distributing  system 
would  indicate  that  the  manhole  transformer  is  fully 
abreast,  if  not  ahead,  of  the  other  apparatus  making  up 
such  a  system.  During  the  past  few  years  manufac- 
turers have  given  a  large  amount  of  study  and  investi- 
gation to  the  design,  standardization  and  manufacture  of 
this  tvpe  of  apparatus. 


The  Engineering  Evolution  of  Electrical 

Apparatus— XVII 


THE  HISTORY  OF  THE  ARC  LAMP 


F.  CuN'RAi)  and  \V.  A.  IJakrah 


FIG.    I — DIAGRAM    SHOW- 
ING CONSTRUCTION  OF 
THE  WRIGHT  LAMP 
(1845) 

Four  separate  sources 
of  power  were  required 
with  two  leads  to  each 
of  the  central  circular 
electrodes.  The  arc 
was  struck  hy  screwing 


EARLY  in  the  nineteenth  centurv  Sir  Humphrey 
Davy,  while  experimenting  with  the  voltaic  pile, 
discovered  that  by  touching  together  wires  con- 
nected to  a  40  or  50  cell  circuit  it  was  possible  to  produce 
a  very  bright  light;  and  if  instead  of  touching  the  metal 
conductors  together  two  charcoal  rods  were  used  for  the 
terminals  the  light  was  still  brighter.  In  1810  he  exhib- 
ited before  the  Royal  Institution 
of  London  a  bank  of  2000  zinc 
and  copper  cells,  from  which  he 
was  able  to  produce  a  three-inch 
arc  of  very  considerable  bril- 
liancy. The  charcoal  rods  were 
arranged  horizontally,  so  that  the 
arc  was  bent  upwards  by  the 
heated  gases  into  the  form  of  an 
"arch"  or  arc,  whence  the  name 
is  derived.  Like  many  other  dis- 
coveries, the  arc  was  produced 
Ijefore  any  profitable  use  could 
be  made  of  it,  due  to  the  lack 
of  a   suitable   source   of   electric 

current,   and    for   34   years   this 
out  C  and  C'  by  liand.      ,     ■,,.      ^      ,.  .       , 

Each    of    the    circular     b'-'lbant    discovery    remained    a 

carbon    discs    was    ro-      lal)oratory  exjjeriment. 

tated  hv  clockwork.  -t-,  '  •     1   r  o        .l        o_ 

1  he  period  trom  i<Sio  to  1870 

was  one  of  very  considerable  scientific  activity.  During 
this  time  the  Grove  Ijattery  was  developed  (1836),  fol- 
lowed six  years  later  by  the  Bunsen  battery.  These  two 
developments  placed  in  the  hands  of  numerous  experi- 
menters a  means  of  studying  the  various  electrical  phe- 
nomena requiring  what  were  then  considered  large  elec- 
tric currents.  As  a  result,  the  arc  was  extensively  studied 
because  of  its  remarkable  characteristics.  In  1S44  Leon 
Foucault,  with  a  hand-feed  mechanism,  succeeded  in 
producing  a  steady,  continuous  arc  with  gas  retort  car- 
bon, thereby  making  a  notable  advance  in  arc  lamp  piac- 
tice  over  the  vegetable  carbon  or  charcoal  electrodes 
previously  used.  Later  inventors  devised  many  compli- 
cated machines  for  holding  the  electrodes,  for  separating 
them  to  strike  an  arc  and  for  feeding  the  electrodes  to- 
gether as  they  are  consumed.  Most  of  these  mechanism^ 
displayed  more  cleverness  than  practicability  and  had 
only  a  transient  life,  the  most  interesting  of  these  lieing 
the  designs  of  Wright  (1845),  Staite  (1847),  Foucault 
(1850)  and  Serrin  (1857). 

Feeding  the  carbons  has  always  been  one  of  the 
most  difficult  problems  in  connection  with  the  manufac- 
ture of  arc  lamps.  The  first  arc  lamp  regulating  mech- 
anism appears  to  have  been  produced  by  Thomas 
'VN'right  in  England  in  1845.     As  shown  in  Fig.   i.  the 


device  consisted  of  a  series  of  discs  which  are  rotated 
by  clockwork.  The  discs  touched  each  other  at  their 
circumference  and  were  separated  from  actual  contact 
hy  hand  after  the  current  had  been  established,  arcs 
being  established  between  the  different  discs. 

In  1847,  after  some  futile  attempts  to  produce  an 
efficient  light  by  maintaining  carbon  incandescent  in  the 
air  by  the  electric  current,  Mr.  W.  E.  Staite  developed 
an  arc  lamp  in  which  carbon  rods,  arranged  vertically, 
were  employed  for  electrodes,  making  the  feeding  of  the 
lower  carbon  compensate  for  the  carbon  consumption. 
A  clockwork  mechanism,  which  required  frequent  wind- 
ing, acted  on  a  thread  around  the  lower  carbon  holder  so 
as  to  cause  it  to  ascend.  The  control  of  the  mechanism 
was  secured  by  a  solenoid  in  series  with  the  arm;  the 
lamp  consequently  being  only  adapted  to  be  used  singly 
in  a  circuit.    This  lamp  had  to  be  started  by  hand. 

In  1848  M.  .\rchereau  designed  a  regulator  in  which 
the  upper  carbon  was  fixed  and  the  lower  one  was  at- 
tached to  an  iron  rod  playing  up  and  down  inside  a  sole- 
noid that  formed  a  part  of  the  main  circuit.    The  weight 


FIG.   2  FIG.    3  FIG.   4 

Fig.  2 — Mechanism  of  the  Foucault  arc  lamp   (1850). 
Fig.  3 — Mechanism  of  the  Serrin  arc  lamp   (1857). 
Fig.  4 — Mechanism  of  the  Duboscq  arc  lamp   (1858). 

of  the  iron  rod  and  carbon  were  overbalanced  by  a 
counterweight  attached  to  a  cord  over  a  small  pulley, 
whose  action  served  to  bring  the  lower  carbon  into  con- 
tact with  the  upper  one.  On  passing  current  the  sole- 
noid pulled  its  armature  downward,  separating  the  car- 
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bons  and  establishing  the  arc,  the  pull  of  the  solenoid  had  so  long  remained  unused.  As  in  the  preceding 
being  proportioned  to  separate  the  carbons  the  right  case,  the  lamp  known  later  by  his  name  and  which 
distance.     While  the  arc  was  self-starting,  it  was  diffi-     eventually  superseded  Foucault's  lamp  was  the  result  of 


cult  to  keep  the  carbons  in  line,  and  the  pull  of  the  mag- 
net changed  as  the  lower  carbon  burned  away.  This 
lamp  embodied  the  underlying  principle  of  all  moilern 
constant  iiotcntial  arc  lamps,  Ijut  because  of  its  inaljility 


FIG.   5 — THE   J.M?r.0CHK0ri'    CANUI.E    HOI.UER,   CANDLE   AND   I.IGUTINC 
I-IXTURE    (1870) 

to  change  the  relative  positions  of  carlwn  and  magnet  its 
life  per  trim  was  very  short. 

In  1849  M-  Foucault  pmijoscd  a  lamj)  which,  itself 
not  very  practical,  doubtless  was  the  starting  point  for 
the  first  practical  lamps.  The  carbons  moved  horizon- 
tally on  small  carriages,  which  were  urged  together  by 
springs,  but  whose  motion  was  limited  by  a  train  of 
clockwork,  with  an  cscai)ement  controlled  by  a  magnet 
in  the  main  circuit.  This  lamp  was  later  modified  to 
have  vertical  carbons  and  a  mechanism  as  shown  in 
Fig.  2.  This  mechanism  comprises  a  double  set  of  clock- 
works, one  of  which  operates  to  bring  the  carbons  to- 
gether, while  the  other  tends  to  separate  them.  These 
clockworks  had  similar  escapements,  both  of  which 
were  controlled  by  a  single  magnet  operated  lever.  With 
no  current  in  the  lam]),  this  lever  arm  is  swayed  to  the  trie  illumination  was  made  ])ossible  by  Faraday's  dis- 
right  and  the  escapement  of  the  luechanism  that  moves  covery  of  the  principle  of  electro-magnetic  in<luction  in 
the  carbons  together  is  released.  When  current  begins  to  183 1.  A  year  later 
flow  the  arm  swings  to  the  other  extreme  and  releases  Pixii  c  o  nstructed 
the  mechanism  which  sejiarates  the  carbons.  When  the  the  first  magneto- 
current  is  reduced  sufficiently  the  pull  of  the  magnet  is  electric  machine, 
balanced  by  that  of  a  sjjring,  and  the  arm  assumes  a  From  this  time  on. 
middle  ])osition,  engaging  both  escapement  wheels.  The  one  ini]5rovement 
gearing  of  the  mechanism  of  the  carbon  holders  was  followed  a  n  other. 
such  that  the  positive  holder  fed  twice  as  fast  as  the  I  h  e  m  o  s  t  note- 
negative,  to  make  uj)  for  the  diflferent  rale  of  the  burn-  worthy  advance  be- 
ing of  the  two  carbons.  This  laiup  was  self-regulating  tween  1832  and 
and  self-starting,  but  could  not  be  burned  in  series  with  "866  lieing  the  in- 
other  lamps.  vention  of  the  Sie- 


subsequent  improvements  made  by  M.  Suisse.  The  mod- 
ified lamp  shown  in  Fig.  3  did  not  differ  greatly  in  prin- 
ci]jle  from  the  earlier  Serrin  lamp,  and  for  this  reason 
the  name  was  never  changed.  In  this  lamp  the  carbons 
w  ere  fed  together  by  the  weight  of  the  upper  carl)on  and 
holder,  the  movement  of  the  lower  carbon  being  actu- 
ated by  a  chain  and  wheels  of  such  diameter  ratio  that 
the  upper  carbon  was  fed  twice  as  fast  as  the  lower  one, 
thus  producing  a  true  focusing  mechanism.  The  rate 
of  feeding  was  controlled  by  a  magnet  which  actuated 
a  catch  on  the  clockwork  escai)ement.  The  carbons  were 
sei)arate(l  to  form  the  arc  by  the  action  of  the  same 
magnet,  which  slightly  lowered  the  pulley  over  which  the 
chain  to  the  lower  carbon  passed,  at  the  same  time  that 
it  caused  the  catch  to  engage  the  escapement.  The  essen- 
tial ]>rinciples  of  this  mechanism  are  the  same  as  those 
in  use  today  on  some  of  the  most  recent  enclosed  flame 
carbon  arc  lamps  for  constant  potential  circuits,  al- 
tlimigh,  of  course,  the  details  are  nnich  modified. 

A  somewhat  similar  lamj),  greatly  simplified  in 
mechanism,  is  that  shown  in  l-'ig.  4.  In  183S,  Duboscq 
;nid  .Marcais  produced  an  ingenious,  though  rather  cum- 
brous and  imjiractical  regulating  device  in  which,  by 
means  of  a  lic|uid  piston,  it  was  attemjited  to  do  away 
with  cldclswork.  Subseinicntly  M.  Hviboscq  produced 
a  clockwork  mechanism,  shown  in  Fig.  4,  in  which  most 
of  the  clockwork  gearing  was  eliminated  by  a  worm 
gear  drive  and  small  fan.  There  was  no  mechanism 
for  se])arating  the  carbons,  and  also  the  lamp  could  not 
be  operated  in  series  with  others,  but  in  those  days 
neither  of  these  was  considered  a  serious  objection. 

-Ml  of  these  mecham'sms  were  of  more  academic  than 
l>ractical  importance,  as  tliere  was  at  that  time  no  cheap 
means  (}f  iiroducing  electric  current.     Commercial  elec- 


Serrin,  in  1857,  took  out  his  first  [jatent  on  a  type  of 


FIG.  6 — ONE  OF  THE  FIRST  ARC  LAMPS  MADE 
IN    AMERICA — WII.I.IAM    WALLACE    (187S) 


mens  armature  and 

lamp  which  marked  a  decided  step  in  advance,  in  that  the  its  use  by  W  ilde  in 

mechanism    was   operated    by   gravity.      His   invention  ^   machine   which   may   be  said  to  have  contained  the 

closes  the  early  era  of  arc  lighting  and  is  the  only  one  .iJ^^'"'  cil  the  modern  generator. 

that  maintained  an  existence  across  the  interval  of   17  In   1870,  sixty  years  after  the  discovery  of  the  arc 

years  before  the  development  of  the  Gramme  generator  by  Davy,  the  first  practical  direct-current  generator  suit- 

and  the  Jablochkoff  candle  again  called  the  atteiUion  of  abla   for   arc   lighting   service   was   commercialized   by 

the  ])ublic  to  the  i)Owerful   means  of  illumination   that  Cramme.     Practically  coincident  with  the  (Gramme  gen- 
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erator  came  the  Jablochkoff  candle,  which  consisted  of  ever,  the  JaJjlochkolT  candle  had  attendant  di^advan- 
two  parallel  carbon  rods  separated  by  a  thin  layer  of  tages.  If  the  arc  was  extinguished  it  could  only  be  re- 
mineral  insulating  material,  such  as  plaster  of  paris.  started  by  short-circuiting  the  carbons  by  a  small 
The  carbons  of  the  first  candles  were  about  five  inches  piece  of  carlion  or  lead.  When  several  candles  were 
long  and  about  '/s  inch  thick.  The  tips  of  the  carbons  operated  in  series  this  was  a  decided  disadvantage, 
were  pointed  and  a  small  piece  of  lead  laid  across  the     Moreover,  the  short  life  necessitated  that  several  candles 

top,  to  form  an  electrical  be  installed  in  each  lamp  for  all-night  service  and 
connection,  was  held  in 
place  by  a  piece  of  as- 
bestos paper.  On  starting 
the  current  this  was  in- 
stantly fused  and  the  arc 
formed.  L  a  t  e  r  candles 
were  made  with  carbons 
about  nine  inches  long  and 


FIG.    7 — THE   WALLACE   ARC    LAMP   AS   COMMERCL-^LIZED 

The  mechanism  shown  schematically  at  the  right  ilhistrates 
one  of  the  early  forms  of  the  arc  lamp  clutch,  operated  by  a 
coil  in  series  witli  tlie  lamp. 

3/16  inch  thick  which  would  burn  nearly  two  hotu'S. 
The  first  candles  were  used  with  continuous  current, 
and  it  was  necessary  to  make  one  of  the  carbons  twice 
as  large  as  the  other.  However,  it  was  found  impos- 
sible to  regulate  these  so  that  they  would  burn  exactly 
the  same,  hence  Jablochkotif  began  experiments  with 
alternating  current,  and  at  once  met  with  success.  A 
current  of  8  or  9  amperes  was  used,  with  a  difi:'erence 
of  [potential  between  the  carbons  of  40  to  43  volts. 

The  Jablochkoff  candle 
deserves  to  be  placed  by 
the  side  of  the  Gramme 
machine  as  one  of  the 
main  factors  in  the  rapid 
advancement  of  the  art  of 
electric  lighting  which  fol- 
lowed shortly  after  1876. 
At  this  time  differential 
arc  lamps  were  entirely 
unknown.  The  Serrin,  Du- 

riG.  8— A   MODU-icATiox  OF  THE     '-"^^'^l    ^"^    similar    lamps 

WALLACE  ARC  LAMP  xycrc  cumbrous   in   design, 

Twenty-four  carbons  replaced     ;„  adapted  to  public  places 
.ch   ot    the   smgle   heavy   car-  '  '  ', 


and    required    const  ant 
watching.     Each   required 


each 

bons  of  the  lamp  shown  in  Fig. 
7,  thereby  reducing  the  loss  due 
to  heat  conductivity.  .\  similar 
scheme  was  later  revived  in  at-  a  separate  source  of  cur- 
tempts  to  increase  the  life  of  ^ent.  The  simplicity  of 
open  tiame  carbon  arcs.  ' 

the  candle,  the  entire  ab- 
sence of  regulating  mechanism  and  the  possibility  of 
feeding  a  number  of  lights  from  one  machine  were 
sufficient  advantages  to  account  for  its  wide  popularity, 
and  installations  began  to  multiply  on  all  sides.     ITow- 


FIG.  9 — THE  VAN  DEPOELE  nVXAMO  WITH   AUTOMATIC  REGULATOR 

that  the  current  l)e  switched  at  intervals  by  hand 
from  one  to  another  l)y  means  of  a  commutating  switch. 
Both  of  these  disadvantages  were  overcome  to  some  ex- 
tent in  a  modification  by  Mr.  Henry  Wilde,  who  elimi- 
nated the  insulating  ni.aterial  between  the  carbons  and 
supported  them  so  that  when  the  current  was  off  the 
ends  were  in  contact.  When  the  current  was  established 
a  magnet  separated  the  ends,  thus  striking  an  arc.  A 
somewhat  increased  life  was  obtained  by  using  longer 
and  larger  carbons.  This  scheme  also  eliminated  the 
peculiar  color  of  the  Jablochkoff  candle, 
which  was  introduced  by  the  mineral  in- 
sulation between  the  carbons.  Manv 
other  modifications  were  also  intro- 
duced, most  of  them  being  quite  cumber- 
some and  Ijulky.  l~urther  development 
along  this  line  was  ])revented  bv  the  in- 
troduction of  the  rlift'erential  ])rincipk 
into  arc  lamji  mechanisms. 

The  successful  commercial  career  of 
the  arc  light  began  with  the  introductiov! 
of  the  method  of  regulating  the  arc  by  a 
derived  or  shunt  circuit  connected  differ- 
entially, for  it  was  only  by  this  means  that 
several  lamps  could  be  o])erated  in  one 
circuit  from  a  single  source  of  current. 
This  principle  was  first  ])ublicly  intro- 
duced in  France  in  1876  by  Lontin  in  the 
inqjroved  Serrin  lamj),  ;ind  shortly  after- 
wards by  \'on  Hefner  .\heneck  in  the 
Siemens  lamp.  In  this  country  Brush 
introduce<l  the  same  feature  in  1877.  T 
princi])le  had,  however,  (jreviously  been  embodied  in  a 
lamp  which  was  ])ateined  in  1855  l>y  Lacassagne  and 
Thiers,  and  apjiarently   forgotten.     Once  the   feat  had 


III',.    10 — THE 

VAX  DEPOELE 

IIOUBLE  SERVICE 

HANGING   LAMP 

Showing  extra 

set  of  carbons 

for  securing 

double  life. 

he  differential 
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been  accomplished  the  success  of  the  arc  lamp  was  rapid. 
Many  inventors  produced  lamps  in  general  having  sim- 
ilar mechanisms.  From  this  time  also  the  American  in- 
ventors began  to  surpass  those  of  Europe. 

The  development  tlescribed  thus  far  had  been  carried 
on  in  ]':uro]:)e.    About  1S75  .-m  arc  lamp  invented  by  Mr. 


FIG.    II — TliK    HilC  lllIAl  SK.N'   GENEI{.\TOR 

William  Wallace  was  introduced  in  the  United  States. 
This  lamp,  which  is  claimed  to  be  the  first  arc  lamp  in 
America,  consisted  of  two  flat  plates  of  batiery  carbon 
mounted  rigidly  on  a  wooden  frame,  as  shown  in  Fig.  6. 
As  the  electrodes  were  consumed,  a  boy  made  the  rounds 
of  the  lamps,  knocking  each  set  of  plates  together  with 
a  hammer.  The  .system  thus  left  nothing  to  be  desired 
in  the  way  of  simplicity. 

Mr.  Wallace's  next  development  consisted  in  mount- 
ing the  upper  electrode  in  a  holder  attached  to  a  rod, 
which  in  turn  was  gripi)ed  by  a  clutch  actuated  by  an 
electromagnet  in  series  with  the  arc,  as  shown  in  Fig.  7. 
Mr.  Wallace's  work  in  dynamo-electric  machinery  forms 
an  interesting  chajjler  in  electrical  development.  He  was 
the  first  builder  of  generators  in  England,  and  the  first 
manufacturer  in  .America  to  a])i)ly  the  dynamo  commer- 
cially for  electroplating.  In  connection  with  generator 
development,  W'allace  became  associated  with  Professor 
Moses  G.  Farmer,  then  living  in  Boston,  and  as  a  result 
the  Wallace-Farmer  lighting  system  was  introduced. 
Later  mechanical  improvements  were  m.jde,  a  generator 
developed,  and  the  Wallace-Farmer  system  was  com- 
mercialized. This  lamp  and  system  were  heralded  as  a 
great  triumph  at  thai  lime  because  of  their  reliability, 
the  long  carbon-life  (about  50  hours)  and  low  main- 
tenance cost.  With  the  introduction  of  this  system  the 
use  of  arc  lamps  for  factor\-  illumination  first  started. 

But  in  spite  of  the  adv  nice  which  this  step  indicated, 
the  system  was  not  without  its  difficulties.  The  arc 
would  flicker  back  .,nd  forth  along  the  wide  flat  carbon 
plates,  casting  dancing  shadows  on  surrounding  objects. 
The  carbons  were  not  uniform  and  would  flame  and 
throw  off  sparks  and  soot  unpleasantly.  The  carbon-life 
was  not  uniform.  Moreover,  the  large  carbon  plates 
cooled  the  arc  so  that  the  efficiency  was  not  high,  each 
lamp  requiring  about  one  kilowatt  under  normal  condi- 


tions. An  interesting  but  impractical  development  of 
the  Wallace  carbon  plate  lamp  is  the  lamp  shown  in  Fig. 
8,  in  which  twenty-four  carbon  rods  replaced  each  of 
the  flat  plates. 

The  name  of  Van  Depoele  deserves  notice  in  the  his- 
tory of  American  arc  lighting.  Born  in  Belgium,  he 
began  experimenting  at  the  age  of  ten  with  electrical  ap- 
paratus which  he  had  to  conceal  from  an  irate  father. 
After  five  years  of  experimenting  he  produced  an  arc 
lamp  which  attracted  such  favorable  attention  that  he 
was  enabled  to  secure  financial  assistance  for  further 
experiments.  He  later  came  to  America  and,  devoting 
considerable  time  to  lightmg  development,  brought  out 
the  Van  Depoele  system.  This  system  included  both  an 
individual  lamp  and  generator,  and  was  installed  in  a 
number  of  cities  in  the  central  portion  of  the  United 
States.  The  generator  was  arranged  automatically  to 
maintain  the  current  constant  and  independent  of  the 
load  Like  most  of  the  early  generators  the  current  was 
maintained  constant,  partly  by  the  magnetic  leakage 
caused  by  the  armature  reaction.  \"ariations  of  current 
too  large  to  lie  cared  for  in  that  manner  were  coiUrolled 
by  shifting  the  lirusbes  either  by  hand  or  by  a  regulator. 
In  common  with  nearly  all  of  the  early  types  of  open 
arcs,  this  system  operated  at  a  relatively  high  current 
(fifteen  to  twenty  amperes)  and  low  voltage,  thus  pro- 
ducing a  very  while  arc,  but  the  light  was  frequently 
hidden  by  the  electrodes,  thus  causing  moving  shadows 
and  considerable  fluctuation.  Two  twenty-four  inch 
carbons  gave  a  life  of 

sixteen    hours.      T  h  e 

standard   lamp   w  a  s 

j)rovided  with  a  dift'er- 

cntial    mechanism.      In 

a  so-called  "universal" 

lamp,  the  carbons  were 

fed  by  an  endless  cop- 
per belt,  actuated  by  a 

small  motor,  in  the  toji 

of  the  lamp  case. 

In    iSiS3  t!ie   lb>ch- 

liausen  systeui  was  in- 
troduced by  Mr.  Henr\- 

lulmunds,    that    entcr- 

I)rising   capitalist    who 

introduced    and 

tinanccd    the    e  a  r  1  v 


FIG.    12 — THE    HOCHH.VLSK.N'    SINGLE 
CARBON   LAMP 

The  diaRram  at  tlie  ri.nlit  shows 
only    the    principle   of    operation, 
\\  allace  -  Farmer    and      '"•'">'  of  the  parts  heing  omitted. 

The  rocker  arm  carrying  the 
meclianism  is  pivoted  at  /,  pulled 
up  by  the  spring  E  and  is  drawn 
downward  b\'  the  armature  c  of 
the  sliunt  magnet.  The  armature 
A  rests  upon  but  is  not  connected 
to  the  lever  arm.  Its  weight  nor- 
mally holds  the  carbons  in  contact. 
When  current  flows  through  the 
series  circuit  the  armature  A  is 
drawn  up  and  the  spring  /:  sep- 
arates the  carbons,  drawing  the 
arc.  The  length  of  the  arc  is  then 
regulated  by  the   strength   of   the 

1  •  ,  1     J-    J       shunt  circuit. 

Sign    which    embodied 

nearly  all  of  the  desirable  features  of  preceding  systems. 

without  including  their  complications. 


I'Tush  .systems,  as  well 
as  the  Swan  incandes- 
cent lamp.  The  system 
was  developed  by  \\  il- 
1  i  a  111  Hochhausen,  1 
Xew  Yorker,  who  ap- 
])ears  to  owe  his  suc- 
cess to  a  carefully  de- 
veloped mechanical  de- 
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The  Houchhausen  generator,  Fig.  ii,  was  not  unlike 
the  Van  Depoele  except  that  it  was  mounted  vertically 
instead  of  horizontally.  The  characteristic  small  sec- 
tion of  iron  for  the  field  flux  may  be  noted  in  this  ma- 
chine. In  addition,  a  small  auxiliary  motor  rotated  the 
brushes,  thereby  maintaining  the  current  constant. 

The  Hochhausen  lamp,  Fig.  12,  was  of  the  gravity 
feed  type,  the  upper  carbon  being  carried  upon  a 
rack  which  was  allowed  to  move  downward  when  the 
dififerentially  wound  coils  reached  such  a  balance  that 
the  rocker  arm  on  which  the  coils  acted  released  a  pawl. 
The  pawl  normally  locked  the  rack  in  place  by  means  of 
a  rachet  wheel,  and  its  release  caused  the  carbons 
to  feed  together.  The  instant  that  the  carbons  ap- 
proached sufficiently  close  together  the  coils  moved 
the  rocker  arm  into  a  position  to  lock  the  rack  and 
the  upper  carbon  was  thus  held  in  position.  These 
lamps  were  also  provided  with  an  automatic  cutout  to 
short-circuit  the  mechanism  in  case  of  failure. 

The  life  of  a  trim  of  carbons  in  this  lamp  was  eight 
hours,   although   double   carbon    lamps   were   provided. 


giving  a  life  of  16  hours  without  attention.  It  is  interest- 
ing to  look  backward  from  our  present  lamps,  with  their 
life  of  150  to  250  hours,  and  note  the  applause  which 
was  given  to  the  achievement  of  securing  a  16  hour 
lamp.  This  system  also  employed  the  high-current,  low- 
voltage  arc  of  some  other  contemporary  systems  with 
the  attendant  troubles,  which  very  shortly  resulted  in  the 
general  adoption  of  the  lower  current  (ten  ampere), 
fifty  volt  arc,  thus  marking  another  step  in  advance. 

About  1885  the  Schuyler  Electric  Light  Company 
of  Hartford,  Connecticut,  brought  out  the  Schuyler 
system,  which  enjoyed  a  limited  life.  Unlike  most 
other  generators  of  this  time,  the  current  in  the  Schuyler 
machine  was  not  controlled  by  shifting  the  brushes,  but 
by  a  relay-operated,  motor-driven  rheostat  which  con- 
trolled the  field  current  of  the  generator.  While  this 
method  of  regulation  offered  many  theoretical  advan- 
tages, it  was  not  certain  or  rapid,  and  necessitated  a 
rather  complicated  mechanism.  The  Schuyler  lamp  was 
of  the  rack  feed,  twenty  ampere  type,  very  similar  in 
general  principle  to  competitive  systems. 
(To  be  continued) 
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IT  SEEMS  to  be  a  generally  accepted  notion  that  the 
engineering  profession  and  engineering  labor  are 
something  apart  from  everyday  life.  We  are  accus- 
tomed to  hear  that  certain  opinions  are  rendered  as  engi- 
neering opinions  only,  or  that  a  certain  man,  who  is  a 
very  excellent  engineer,  is  a  very  poor  judge  of  business 
matters.  Without  wishing  to  quarrel  with  divers  views 
or  prejudices  in  a  world  in  which  much  more  useful 
work  can  be  performed  than  to  kick  against  the  pricks, 
it  is  the  object  of  the  present  article  to  point  out  the 
fundamental  unity  in  good  engineering  and  in  good 
business  or,  somewhat  dififerently  expressed,  the  unity 
of  good  engineering  and  common  sense.  One  of  the 
greatest  men  in  the  world  of  science  once  remarked 
that  science  was  nothing  but  plain  and  organized  com- 
mon sense,  and  it  is  obvious  that  this  definition  of 
science  by  Professor  Huxley  can  be  paraphrased  into 
the  maxim,  that  engineering  is  nothing  but  trained  and 
organized  common  sense.  When  we  are  told  that  a  cer- 
tain feat  can  be  accomplished  from  an  engineering 
standpoint  and  that  it  is  good  engineering  to  do  such 
and  such  a  thing  which  will  cost  extravagantly,  we  for- 
get that  we  are  arrogating  to  ourselves  the  idea  that 
something  is  good  engineering  which  is  contrary  to  com- 
mon sense.  In  order  to  elaborate  the  view  which  it  is 
the  purpose  of  this  article  to  emphasize,  that  mental  bal- 
ance in  engineering  is  as  essential  as  is  mental  balance 
in  any  other  walk  of  life,  it  seems  germane  to  cite  exam- 
ples rather  than  to  indulge  in  philosophic  generalities. 
Let  us  begin  with  an  essentially  electrical  problem, 
the  design  of  a  direct-current  generator.  The  commu- 
tation of  a  generator  is  greatly  aft'ected  bv  the  dejith  and 


width  of  the  slots  in  which  the  armature  conductors  are 
lodged.  Before  the  general  adoption  of  the  commu- 
tating  pole  it  was  recognized  that  better  commutation 
could  be  obtained,  probably  because  of  reduced  self- 
induction,  with  armature  slots  of  greater  width  and 
moderate  depth.  In  order  to  have  a  simple  rule,  it 
might  have  been  said  that  slots  should  be  as  wide  as 
possible  and  as  shallow  as  possible.  Such  a  general  rule 
was  interpreted  by  a  youthful  designer  in  such  a  way 
as  to  make  him  adopt  slots  so  wide  that  other  equally 
important  considerations,  as  the  difficulty  of  forming 
the  end-connections  and  the  increased  length  of  these 
connections,  were  entirely  overlooked.  \\'hen  this  was 
called  to  his  attention  he  referred  to  our  rule,  viz.,  to 
make  the  slots  as  wide  as  possible  and  as  shallow  as 
possible,  and  he  said  that  he  had  done  so,  and  that  he 
had  expected  praise  rather  than  blame.  It  is  perfectly 
obvious  that  it  is  such  narrow,  one-sided  and  unbalanced 
consideration  of  a  rule  that  is  most  useful  if  viewed  in- 
telligently from  all  directions,  which  here  is  at  fault,  the 
designer  failing  to  realize  that  any  general  rule  must 
be  interpreted  with  all  the  facts  before  his  mind  bearing 
upon  the  issue.  He  would  argue  that  the  sparking  con- 
stants of  his  design,  as  evaluated  by  his  formula,  were 
very  nuich  lower  than  those  which  the  adoption  of  the 
broader  consideration  of  the  case  would  lead  to.  But 
he  has  been  not  unlike  the  color-blind  individual,  un- 
able to  see  the  blending  of  things.  He  is  wearing  mag- 
nifying glasses  which  enable  him  to  see  very  accurately 
in  one  small  area,  but  which  make  it  impossible  for  him 
to  obtain  a  correct  perspective.  The  great  engineer 
must  be  capable  of  clear  vision,  both  far  and  near. 
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To  vary  our  example,  let  us  lake  the  design  of  a  fittest,"  so  often  niistiuoted  and  misunderstood,  means, 
large  turbo-generator.  It  may  appear,  at  first  sight,  not  the  survival  of  the  morally  best  or  soent.hcally 
desirable  to  the  station  operator  to  have  a  generating  best  or  generally  fittest  with  any  connotation  which  this 
unit  which  shows  a  comparatively  small  change  in  volt-  term  may  convey,  it  means  nothing  but  the  survival  of 
age  between  no  load  and  full  load.  The  designer,  with  that  which  is  best  adapted  to  the  circumstances  and  con- 
his  mind  filled  with  such  a  statement  from  the  operating  ditions.  The  soldiers  that  might  do  the  best  work  on 
engineer,  proceeds  to  design  a  turbo-generator  with  a<l-  tlie  European  battlefields  might  not  survive  under  the 
mirable  regulating  characteristics.  He  considers  him-  adverse  conditions  of  India.  The  most  brilliant  singer, 
self  a  very  e.xcellent  engineer  for  having  obtained  the  if  hving  in  the  smoky  atmosphere  of  our  industrial 
results  desired  by  the  station  operator.  He  has  alto-  cities,  might  develop  such  a  strident  voice  as  to  enable 
gcther  forgotten  other  conditions.  Other  facts  should  persons  of  vastly  inferior  talents  to  hold  their  own 
have  been  taken  into  consideration,  facts  which  would  l)cller  on  the  stage  of  art.  What  might  be  the  best  solu- 
have  eclipsed  completely  the  one  feature  which  he  was 
able  to  carry  in  his  mind.  There  was  to  be  considered 
the  greater  bulk  of  the  generator  and  its  consequent 
increased  cost ;  there  was  to  be  considered  the  greater 
mechanical  insecurity  due  to  the  increased  stresses  in  the 
larger  unit :  there  was  to  be  considered  the  havoc 
wrought  by  a  short-circuit.  -Ml  these  points  were  sac- 
rificed l)y  the  designer  in  order  to  obtain  better  regu- 
lation. .\  designer  who  acts  according  to  this  example 
has  himself  an  unbalanced  mind.  I'opular  language  has 
many  maxims  to  express  such  conditions.  It  speaks  of 
the  man's  inability  to  see  the  wood  for  the  trees,  wdiich 
is  a  very  fine  maxim  to  remember. 

That  phenomenal  success,  the  Ford  automobile,  is 
another  case  in  point.  No  doubt  a  designer  of  a  twx'lve- 
cyliiider  car  might  find  many  points  of  detail  to  criticiz." 
in  the  Ford  automobile,  but  would  his  judgment  be 
worth  very  much  in  view  of  the  amazing  success  which 
the  Ford  car  has  met  and  which,  therefore,  shows  the 
verdict  of  innumerable  users  which  must  always  be  the 
final  verdict?  The  French  motto,  that  "nothing  suc- 
ceeds like  success,"  simply  means  that,  where  the  judg- 
ment has  been  sound  and  all  points  of  importance  have 
been  given  due  consideration,  success  is  bound  to  foUdw 
or,  better,  where  there  has  been  great  success,  these  con- 
ditions have  been  complied  wnth. 

The  doctrine  referred  to  is  nothing  luit  the  l)rilliant 
Darwinian  conce])tion  of  selection.  Selection,  whether 
natural  or  artificial,  is  the  process  by  which  survival  is 
effected.     The  Spencerian  jihrase,  "the  survival  of  the 


tion  tinder  one  set  of  conditions  might  l)e  the  worst  solu- 
tion under  another  set. 

Balanced  engineering,  or  common  sense  in  engineer- 
ing, is  of  infinite  importance,  fine  of  the  most  frequent 
sins  against  this  doctrine  is  to  be  found  in  our  unwill- 
ingness to  acknowledge  the  prevailing  conditions,  either 
in  the  world  at  large  or,  specifically,  in  our  manufactur- 
ing ])lants.  To  design  machinery  which  can  be  manufac- 
tured only  by  skilled  mechanics,  when  we  know  that 
skilled  mechanics  have  almost  completely  vanished,  is  to 
show  a  complete  lack  of  balance.  To  fail  to  realize  that 
superficial  inspection  pervades  the  manufacture  of  the 
raw  materials  which  enter  into  the  products,  as  well  as 
the  finished  product  itself,  is  to  shut  one's  eye  to  obvi- 
ous facts.  To  design  without  an  eye  to  the  peculiarities, 
deficiencies,  the  weakness  and  the  strength  of  the  men 
who  have  to  execute  these  designs  is  surely  indicative  of 
a  lack  of  common  sense.  The  term  "balanced  engineer- 
ing" is  to  cover  the  idea  that  our  judgment  must  never 
l)e  permitted  to  be  influenced  by  one  set  of  fads  alone. 
A  careful  sttuly  of  all  conditions,  commercial  as  well 
as  engineering,  must  enter  into  good  engineering,  and 
tliose  who  indulge  the  purblind  delusion  that  engineer- 
ing fealtires  only  should  concern  the  engineer,  and  that 
he  is  out  of  his  proper  sphere  of  influence  if  he  calls  for 
data  bearing  on  his  work  in  other  lines,  are  not  unlike 
the  Bililical  landlord,  to  whom  was  a])])lied  the  injunc- 
tion, "Thou  shalt  not  muzzle  the  nujuth  of  the  ox  that 
treadeth  out  the  corn." 


Advantages  of  the  Z  Connection 


.\i.i-Ki;i)  J.  .■\.  Pktkrsox 


OX  a  three-ijhase,  three-wire  (ungrounded)  sup- 
ply or  transmission  system  two  current  trans- 
formers and  two  overload  relays  connected  in 
/',  as  shown  in  Fig.  i,  provide  ample  protection  against 
overloads  for  ordinary  conditions  of  service.  Instead 
of  tripping  through  relays,  the  trip  coils  on  the  circuit 
breaker  may  be  directly  connected  to  the  current  trans- 
formers, simply  replacing  the  relay  coils,  as  shown  by 
the  dotted  lines.  A  polyphase  overload  or  short-circuit 
will  be  felt  on  all  three  lines,  and  so  the  current  in  the 
secondary  of  each  current  transformer  will  increase 
above  its  normal  value.     This  will  cause  each  relav  to 


0])erate  at  a  predetermined  value,  and  close  the  relay 
contacts,  thus  connecting  the  trip  coil  to  the  tripping 
circuit.  .\s  a  result,  the  circuit  breaker  is  tripped  out 
and  the  overloaded  circuit  is  disconnected.  .\  single- 
phase  overload  or  a  short-circuit  between  two  lines  will 
be  felt  in  at  least  one  of  the  current  transformers,  and 
so  at  least  one  of  the  relays  will  operate,  thus  tripping 
the  circuit  breaker.  If  the  overload  is  between  lines 
/  and  2  or  between  lines  5  and  .',  transformer  /  or  _' 
will  be  overloaded,  and  relay  A  or  B  (depending  upon 
which  transformer  is  overloaded)  will  operate:  in  either 
case  the  circuit  breaker  will  lie  tripped  and  the  circuit 
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opened.  If  the  ilisturbanee  is  lietween  lines  /  and  j,  Iransforniers  is  desirable,  and  on  three-phase,  four-wire, 
1)0tli  transformers  will  be  overloaded  and  both  relays  or  grounded  neutral  systems,  the  use  of  three  trans- 
will  operate.  formers  is  essential.  Abnormal  accidents,  which  are  not 
The  only  jiractical  case  in  which  a  heavy  overload  provided  for  by  this  system,  are  grounds  or  short- 
may  exist  without  operating  at  least  one  of  the  relays  is  circuits  occurring  between  the  generator  and  the  current 
when  a  double  ground  occurs.  If,  as  in  Fig.  2,  there  is  a  transformers.  These  conditions  ordinarily  are  highly 
ground  somewhere  on  line  j>,  as  at  d,  and  at  the  same  improbable,  but  can  best  be  provided  against  by  some 
time  another  ground  occurs  on  line  i  or  J  l)etween  the  sort  of  dififerential  relay  connection.*     The  l)est  man- 


l-U'..     I — THREK-PH.\SF.,    THREE-WIKE    SYSTEM.    OVERI.O.M)    PROTECTION 

Two  current  transformers  and  two  overload  relays 
connected  in  V. 

generator  and  the  current  transformers,  as  at  a,  at  the 
neutral  point  of  the  generator  as  at  b,  or  at  any  internal 
part  of  the  generator  winding,  as  at  c",  then  a  heavy 
current  will  flow  between  the  generator  and  ground 
through  line  J.  No  current  transformer  will  be  affected 
and  no  relay  will  operate,  thus  leaving  the  generators 
and  other  synchronous  apparatus  on  the  line  in  danger 
of  severe  mechanical  and  thermal  injury.  To  take  care 
of  these  possible,  though  ordinarily  improbal)le  cases, 
three  current  transformers  are  required,  one  to  be  in- 
serted in  each  line. 

On  a  three-phase  grounded  neutral  or  a  three-phase, 
four-wire  system,  as  in  Fig.  3  (the  fourth  wire  being 
equivalent  to  the  grounded  neutral),  a  ground  on  the 
middle  line  (line  J)  would  not  be  felt  on  the  other  two 
lines,  as  a  ready  jjath  is  available  for  the  return  current 
through  the  ground.  Likewise  a  short-circuit  between 
lines  .'  and  4  would  not  be  felt  on  the  other  lines.  On 
such  a  system  a  ground  or  short-circuit  mav  occur  with- 
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MG.    2— THREE-PH.\SE.    THREE-WIRE    SYSTEM    WITH    I)Oi;i!I,E    GROU.Vn 

11 — Ground  on  generator  circuit  between  generator  and  cur- 
rent transformers.  ;>— Ground  on  generator  neutral,  r— Ground 
on  generator  winding,    d — Ground  on  line. 

out  tripping  out  the  circuit  breaker  and.  unless  it  is 
tripped  out  by  hand,  the  disturbance  will  continue  until 
the  generator  or  some  other  apparatus  has  given  away. 
To  protect  properly  a  system  against  such  possible  over- 
loads, short-circuits,  or  grounds,  three-current  trans- 
formers are  used. 

It  is  evident  then  that  for  the  complete  j^rotection  of 
three-phase,  three-wire  systems  the  use  of  three  current 
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FIG.  3 — THREE-PH.VSE  GROUNDED  NEUTR.AI.  OR  THREE-PH.\SE 
FOUR-WIRE   SYSTEM 

u  is  a  permanent  ground  on  the  generator  neutral  or  con- 
nection to  the  fiiurth  wire.  /)  is  an  accidental  ground  on  line  -'. 
or  sliort  circuit  between  lines  .'  and  4. 

iicr  of  using  these  three  transformers  is  to  connect  them 
in  )'  and  operate  three  relays,  as  in  Fig.  4.  With  this 
scheme  of  connections  each  relay  is  operated  by  the  cur- 
rent from  one  transformer  alone,  and  so  receives  the 
full  effect  of  any  overload  in  its  line. 

Limitations  in  cost  and  in  switchboard  space,  how- 
ever (the  former  is  becoming  of  less  importance,  while 
the  latter  is  becoming  of  more  importance),  make  desir- 
able the  use  of  two  relays  instead  of  three.  The  best 
scheme  of  connecting  three  current  transformers  and 
two  relays  is  the  Z  connection,  which  is  shown  in  Fig.  5. 
The  vector  diagram  of  currents  corresponding  to  this 
scheme  of  connections  is  shown  in  Fig.  6.  The  cur- 
rent /.\,  flowing  through  relay  .4,  is  equal  to  the  vector 
sum  of  /,  and  /,,  and  under  normal  balanced  conditions 
of  load  is  e(|ual  numerically  to  either  transformer  cur- 
rent (i.  e.,  with  fi\-e  ampere  secondaries,  /a  equals  five 
amperes).  Likewise  /b,  flowing  through  relay  B,  is 
equal  to  the  vector  sum  of  /j  and  i.,,  but  in  the  opposite 


I'IG.    4 — THKEK-FHASK.    FOUR-WIRE    SYSTEM 

Three  transformers  and  three  relays  in  Y. 

direction,  and  is  ;iIso  equal  to  five  amperes.  The  cur- 
rent Ic,  in  the  common  conductor,  is  eciual  to  the  vector 
difference  of  /.  and  /.,,  or  8.66  amperes.  The  current  r'j, 
lr;insformer  _?,  flows  through  conductor  a.  llirough  relay 
.-/.  and  returns  I)y  way  of  conductor  c.  The  current  i... 
in  transformer  _',  flows  through  conductor  c,  through 
relay  B,  and  returns  by  way  of  conductor  b.  The  cur- 
rent i'l,  in  transformer  7,  flows  through  conductor  (/, 
through  relays  A  and  B  in  succession,  and   returns  bv 


*See    article    l)y    Mr.    M.    Cornelius    in    the    Journ.m.    lor 
.\ugust,  1015.  p.  366. 
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way  of  conductor  b.  The  normal  current  through  the 
relay  being  five  amperes  makes  possible  the  use  of 
standard  relays. 

•  In  the  case  of  a  balanced  polyphase  overload  or 
short-circuit  the  current  in  each  transformer  is  in- 
creased, and  so  both  relays  are  operated.  A  single-phase 
overload,  i.  e.,  one  belvkfcen  two  lines,  will  also  cause 
two  relays  to  operate,  as  is  seen  by  following  out  the 


FIG.   5  FIO.  6 

Fig.  5 — Three-phase  system — Three  transformers  connected 
in  Z  with  two  relays. 

Fig.  6 — Vector  diagram  for  Z  connected  transformers  cor- 
responding to  Fig.  s. 

paths  of  the  overload  secondary  currents.  In  the  case 
of  a  single-phase  short-circuit  the  respective  secondary 
currents  may  be  equal  in  value  and  i8o  degrees  out  of 
phase,  making  their  sum  equal  to  zero,  due  to  the  fact 
that  the  line  currents  are  in  opposite  directions.  This 
will  make  the  current  through  one  relay  equal  to  zero, 
but  one  of  these  currents  (and  only  one  of  these  two) 
must  pass  through  the  other  relay  in  order  to  return 
to  its  transformer,  and  so,  under  the  worst  possible 
conditions,  one  relay  will  operate.  For  instance,  if  there 
is  a  short-circuit  across  lines  /  and  j,  Fig.  5,  the  current 
through  relay  A  may  be  equal  to  zero,  but  current  ;, 
must  pass  through  relay  B,  which  will  operate  and  tri]) 
the  circuit  breaker.  In  the  case  of  a  short-circuit  from 
line  7,  2  or  J  in  a  four-wire  system,  or  a  ground  on  one 
of  these  lines,  at  least  one  relay  will  operate.  If  it  is  line 
5,  relay  A  will  operate;  if  it  is  line  2,  relay  B  will  oper- 
ate; and,  if  it  is  line  /,  both  .]  and  B  will  operate. 

The  effect  of  an  overload  in  one  line  only  is  shown 
in  Table  I.  The  relay  current  increases  almost  as  rap- 
idly as  the  transformer  current  in  the  overloaded  line. 


FIG.    7 — VECTOR    DIAGRAM 

Showing  the  variation  of  /.\  with  ii,  13  being  constant. 

From  these  values  and  Fig.  7  it  is  seen  that  a  low  cur- 
rent in  one  transformer  has  little  effect  on  the  total  cur- 
rent in  the  case  of  an  overload  in  the  other  transformer. 
The  current  7a  varies  from  between  100  and  86.6  per- 
cent of  (',.  being  at  its  lowest  ration,  86.6  percent,  when 
t'l  is  twice  I3. 

Another  way  of  connecting  the  transformers  to  use 
but  two  relays  is  in  delta,  as  is  shown  in  Fig.  8. 
From  the  corresponding  vector  diagram.  Fig.  9,  it  is 
seen  that  the  current  Ja  equals  the  vector  difference, 
is  —  *i;  Ib  =  ti  —  12;  and  /c  =  ii  —  i^.  Under  nor- 
mal conditions,  therefore,  the  current  through  each  relay 


is  equal  to  8.66  amperes.  This  at  once  brings  out  the 
disadvantages  of  requiring  a  relay  wound  for  8.66 
amperes,  five  amperes  being  standard.  In  the  case  of 
an  overload  or  short-circuit  between  two  lines,  such  as 
lines  /  and  j  in  Figs.  5  and  8,  the  delta  connection  gives 
as  good  protection  as  the  Z  connection.  The  current 
transformers  /  and  5  are  overloaded  equally,  so  that, 
with  the  Z  connection,  the  relay  current  is  numerically 
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FIG.   8  FIG.   9 

Fig,  8 — Three-phase  system — Three  transformers  coimected 
in  delta  with  two  relays. 

Fig.  9 — Vector  diagram  for  delta  connected  transformers  cor- 
responding to  Fig.  8.  Balanced  conditions:  fi  =  12  =  13  =  5 
amperes;  /a  =  /b  =  /c  =  8.66  amperes. 

equal  to  either  transformer  current,  and  with  the  delta 
connection  it  is  equal  to  1.73  times  either  transformer 
current.  This  is  seen  in  Table  II.  The  relay  current 
increases  above  normal  in  the  same  ratio  with  either 
scheme  of  connections.  However,  in  the  case  of  a 
double  ground  on  a  three-wire  system,  or  in  the  case  of 
an  overload  or  short  circuit  between  either  line  i,  2  or 
3  and  line  ^  in  a  four-wire  system,  or  in  the  case  of  a 
ground  on  any  line  in  a  grounded  neutral  system,  the  Z 
connection  affords  better  protection.  The  current  in  one 
transformer  is  now  increased,  while  that  in  each  of  the 
other  transformers  remains  normal,  so  that  the  relay 
currents  for  the  Z  and  delta  connections  increase  as 
shown  in  Table  I.  It  is  at  once  evident  that  the  protec- 
tive power  of  the  Z  connections  is  greater  than  that  of 
the  delta  connection.  Table  I  also  shows  that,  with  the 
Z  connection,  the  relay  current  in  the  case  of  an  over- 
load in  one  transformer  is  less  affected  by  a  light  or  nor- 
mal load  in  the  transformer  with  which  it  is  connected 
than  with  the  delta  connection.     For  these  reasons  the 
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FIG.    10  FIG.    II 

Fig.  10 — Three-phase  system — Three  transformers  connected 
in  )'  with  two  relays. 

I'ig.  1 1 — \ector  diagram  for  Y  connected  transformers  cor- 
responding to  Fig.  10.  Balanced  conditions:  I'l  =  13  =  J3  =  5 
amperes;  Ia.  =  Ib  =  5  amperes;  /c  =  o. 

delta  connection  is  inferior  to  the  Z  connection,  and  so 
is  not  often  used  for  protective  purposes. 

In  the  Y  scheme  of  connections,  shown  in  Fig.  10, 
the  relay  currents  under  normal  conditions  are  five  am- 
peres each,  as  is  shown  by  Fig.  11.  However,  the  pro- 
tection is  not  very  good,  as  the  currents  from  two  trans- 
formers pass  through  one  relay  and  return,  and  the  cur- 
rent   from   the   other   transformer   passes   through   the 
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other  relay  alone  and  returns.  In  case  of  a  short-circuit 
across  line  /  and  J.  the  current  in  relay  B  would  be  zero, 
as  explained  under  the  Z  connection  above,  and  there 
would  be  no  increase  of  current  in  the  other  relay.  Thus 
the  transformers  and  relays  with  this  scheme  of  con- 
nections would  be  useless  in  protecting  the  system,  and 
therefore  this  form  of  the  Y  connection  is  never  used. 
Another  form  of  the  Y  connection  is  shown  in  Fig. 
12.     It  is  at  once  evident  that  the  current   from  any 

TABLI-:  I— SHOWING  THE  EFFECT  OF  AN  OVERLOAD  IN  ONE  LINE 

0.\LY.   ON   THE   TOTAL   RELAY   CURRENT,   FOR   Z  AND    A 

CONNECTED  TRANSFORMERS. 


Transformer 
Currents 

Relav  Current 

/A 

Increase  in 
Current 

Percent 
Increase 

Percent  Ratio 

/A 

^i 

•l 

Z 

A 

Z 

A 

Z 

A 

Z 

A 

5 

6 

7 

8 

9 

10 

12 

15 

20 

5 
5 
5 
5 
5 
5 
5 
5 
5 

5 

5.57 
6.25 
7.00 
7.82 
8.66 
10.43 
13.23 
18.04 

8.66 
9.54 
10.43 
11.35 
12.30 
13.23 
15    13 
18- 04 
22.94 

0.57 
1.25 
2.00 
2.82 
3.66 
5.43 
8.23 
13.04 

"o.ii 

1.77 
2.69 
3.64 
4.57 
6.47 
10.38 
14.28 

II 
25 

40 

S6 

73 

109 

i6s 

361 

10.  IS 

20.4 

31 

42 

53 

75 
120 
165 

100 
92.8 
89.3 
87.5 
86.9 
86.6 
86.9 
83.2 
90.2 

173 
159 
149 
142 
137 
132 
126 
120 
115 

tiansformer  must  first  pass  through  one  of  the  other 
transformers  before  completing  its  circuit.  This  con- 
nection operates  satisfactorily  on  balanced  overloads. 
In  the  case  of  an  overload  in  a  single  line,  however,  due 
to  a  double  ground  or  some  other  cause,  as  discussed 
before,  the  primary  current  of  the  transformer  in  the 
overloaded  line  increases,  but  the  secondary  current 
cannot  increase,  as  it  has  no  outlet,  except  through  the 
higii  impedance  which  it  would  set  up  in  the  other  trans- 
formers. The  currents  in  the  other  secondaries  are  kept 
at  their  normal  values  by  their  respective  primary  cur- 
rents. As  a  result  the  transformer  in  the  overloaded 
hne  simply  piles  up  a  high  secondary  voltage.  Besides 
giving  absolutely  no  protection,  the  high  voltage  may 
break  down  the  insulation.  Therefore,  except  for  bal- 
anced overloads,  this  form  of  connection  is  useless. 

But  one  form  of  the  Z  connection  is  shown  in  Fig.  5. 
Fig.  13  shows  how  it  can  be  made  in  six  different  forms. 

TABLE  II— SHOWING  THE  EFFECT  OF  AN  OVERLOAD  IN  TWO  LINES 
ON  THE  TOTAL  RELAY  CURRENT.  FOR  Z  AND  A  CONNECTION 


Transformer 
Currents 

Relay  Current                Increase  in 
/a                              Current 

Percent  Ratio 
/a 

»i 

I , 

Z 

A 

Z 

A 

Z 

A 

S 

6 

8 

10 

S 

6 

8 

10 

5 

6 

8 

10 

8.66 
10.39 
13.  86 
17.32 

I 
3 

S 

1.732 

5.20 

8,66 

20 
60 
100 

20 
60 
100 

The  rule  to  be  observed  is  this ; — Connect  two  positive 
transformer  terminals  (outgoing  terminals  considered 
positive)  to  one  relay,  the  negative  terminal  (incoming) 
of  one  of  these  transformers  and  the  negative  terminal 
of  the  third  transformer  to  the  other  relay,  and  the  re- 
maining terminals  (positive  and  negative)  to  the  com- 
mon between  the  two  relays. 

The  main  use  of  the  Z  connection  is  for  protection. 
When  meters  are  to  be  used  difficulties  are  sometimes 
encountered,    ^^'here  possible,  the  meters  are  connected 


in  before  the  connection  between  the  transformers  is 
made,  as  in  Fig.  14.  In  this  case  three  ammeters  are 
inserted  to  measure  the  three-line  currents.  The  current 
coils  of  wattmeters,  power-factor  meters,  reactive  fac- 
tor meters,  etc.,  in  which  definite  phase  relations  must 
be  obtained,  can  be  connected  in  the  same  way.     Quite 
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FIG.    12  FIG.    13 

Fig.  12 — Three-phase  system — Three  transformers  connected 
in  }'  with  two  relays. 

Fig.  i,^ — Various  forms  of  tlie  Z  connection. 
Terminals  to  be  connected  to 
Relay  A  Relay  B 

1—3  4—5 

1-3  5-6 

I — 2  4 — 6 

1—2  5—6 

2—i  4—6 

2—3  4—5 


Relay  C 
2-6 

2—4 
3—5 
3—4 
1—5 
I— (i 


often  the  kind  and  number  of  instruments  to  be  con- 
nected compel  the  use  of  some  other  scheme  of  connec- 
tions. It  is  becoming  customary  in  large  installations  to 
use  one  set  of  three  current  transformers  in  Z  for  auto- 
matic circuit  breaker  operation,  and  another  set,  two  in 
I    on  three-phase,  three-wire,  or  three  in  delta  on  three- 


FIG.    14 — Z   CONNECTION    WITH    THREE   .\MMETERS 

phase,  four-wire  or  grounded  neutral  circuits,  for  meter- 
ing purposes.  For  use  with  two  trip  coils  and  direct  trip 
attachments,  i.  e.,  using  the  transformer  currents  for 
tripping,*  the  connections  are  made  as  in  Fig.  15. 

As  has  been  mentioned,  the  Z  connection  was  devel- 
oped  primarily   for  protection,  and  is   still   finding  its 


FIG.  15- 


-Z    CONNECTION    WITH    RELAYS   AND    DIRECT    TRIP 
ATTACHMENTS 


greatest  use  in  protective  circuits.  It  has  proven  ([uite 
successful,  and  is  now  being  used  in  nearly  all  cases 
where  the  use  of  three  current  transformers  with  two 
relavs  is  warranted. 


*See  article  by  Mr.  B.  H.  Smith  in  the  Journal  for  Novem- 
ber, 1914,  p.  620. 


The  Snail  Shell   An  Example  in  Capitalization* 


K.  A.  I'lm.ii' 


E\J-L1\^'  livf  husiiiess  must  from  tiim;  to  time  out- 
^'row  the  lands,  l)uil(lin,<,^s  and  machinery  which, 
up  to  that  point,  have  hecn  adequate.  Perhaps  the 
land  which  is  now  misnitahle  can  he  sold  and  new  land 
bought,  thus  rejuvenatins^  some  of  the  capital  of  the 
owner.  Much  of  the  pro])erty  is,  however,  buildings 
and  niachinery,  useful  in  its  original  jilace  and  at  a  for- 
mer time,  but  now  outgrown.  There  may  be  a  ])ower 
house,  the  building  and  machinery  of  which  are  not 
worn  out  and  would  be  good  and  suitable  for  a  sm.'dler 
business.  Unfortunately,  such  property  is  not  portable: 
it  cannot  be  moved  without  breaking  it  to  ]iieces  and 
thus  destroying  most  of  its  value.  This  introduces  the 
]jroblem  of  the  possible  loss  of  capital  invested  in  pro])- 
crty  which  is  useless  only  because  it  has  been  outgrown. 
This  problem  is  critical  in  the  public  utility  business 
where  expensive  equipment  is  rapidly  outgrown  and 
where,  in  .some  cases,  a  policy  has  lieen  established  of 
restricting  the  rettu'n  on  the  capital  invested  to  a  rate 
based  on  a  ])hysical  valuation.  Some  have  assumed  that 
when  equipment  was  outgrown  and  unused,  it  and  the 
capital  which  it  re])resented  ceased  to  be  devoted  to  the 
public  service,  and  that  such  [jroperty  could  thus  justly 
be  excluded  from  a  valuation.  This  assumption  seems 
to  be  based  on  a  belief  that,  as  the  amount  of  outgrown 
property  must  increase  year  by  year  indefinitely,  the 
inclusion  of  such  ])ro]ierty  in  valuations  must  lead 
eventually  to  a  ca])italization  many  times  greater  than 
the  value  of  the  ])roperty  then  useful. 

An  analogy  draw^n  from  a  difi'erent  field  may  indi- 
cate that  it  is  not  unreasonable  or  unnatural  to  consider 
such  outgrown  property   as  still   devoted   to  the  ])ublic 
service  and  that   such  a  policy  does  not   result   in   ex- 
cessive or  tnilimited  capitalization.     .\  similar  problem 
of  expansion  confronts  ])lants  and  animals.     The  organs 
of  the  young  must  grow  until  they  are  large  enough  for 
the  adult.     Nature  ptits  the  ]irob!em  up  to  the  different 
kinds  of  animals  in  different  ways  so  that  a  variety  of 
solutions  are  obt;iincd,  from  among  which  one  suited  to 
the  present  problem  may  be  selected.     The  bones  of  the 
young  may   simply  increase  in   size  and   become  large 
enough  for  the  adult.     Such  a  scheme,  which  jirovides 
only  for  a  predetermined  iiltimate  development,  is  not 
suited    to    the    needs    of    a    public    service    corporation. 
However,  the   fashions   in   bones  diifer:  some  animals 
l)refer  to  wear  them  inside  and  others  find  it  more  con- 
venient to  carry  them  outside  in  the  form  of  .shells. 

The  latter  kind  of  shell  ])resents  the  difficultv  that 
growth  must  be  1)\-  addition  to  the  edge  of  an  opening, 
which  must  alwaxs  remain  of  small  circumference.     It 
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neces.sarily  follows  that  the  animal  must  grow  a  tube- 
shaped  shell.  To  provide  for  the  increasing  l)ulk  of  the 
animal,  the  tube  must  be  of  gradually  increasing  diam- 
eter— tliat  is,  a  cone.  The  animal  itself,  however,  does 
not  find  it  conducive  to  its  well-being  to  grow  a  similar 
long,  tapering  body.  Instead  of  letting  the  shape  of  the 
shell  determine  the  outline  of  the  body  the  latter  retains 
a  compact  form,  moving  forward  into  the  new  shell  as 
that  grows  and  vacating  the  too  restricted  quarters. 

i'he  elementary  principle  of  such  growth  is  shown  in 
l'"ig.  I ,  where  the  body  is  represented  by  an  oval  and  the 
shell  in  which  it  lives  by  a  cone.  A  long,  straight,  conical 
shell  is  an  awkward  thing  to  carry  around,  so  the  animal 
develoiJS  its  .shell  in  the  form  of  a  geometrical  spiral, 
which  is  merely  the  same  long  conical  tube  coiled  up  in 
compact   form   for  convenient  transjiortation.     Such  a 
spiral  shell  brings  to  mind  the  shells  carried  by  snails: 
so  the  animal  may  be  referred  to  as  a  snail,  though  the 
shells  of  a  multitn<lc  of  (jther  animals  are  constructed  on 
the  same  principle.    The  snail  living  in  this  year's  shell, 
nevertheless,  must  carry  around  with  him  the  outgrown 
shells  of  last  year  and  the  year  before,  and  so  on  back 
to  the  first  year  of  his  life.     Every  year  adds  another 
and  larger  piece  of  outgrown  and  vacant  shell  to  the 
dead  weight  the  snail  must  carry.     The  shell  is  an  im- 
jjortant  ])art  of  the  snail's  e(|ui])ment  in  life  and,  having 
chosen  to  invest  his  capital  in  a  shell,  nature  decrees 
that  the  lial)ility  for  the  shell,  once  incm-red,  can  never 
he  extinguished,     ^lany  years'  shell  may  be  outgrown 
and  Init  one  year's  shell  be  in  service,  but  the  snail's 
obligation  to  carry  the  whole  shell  is  inescapable.     The 
snail    cannot    say: — "I    will    divide    my    shell    into    two 
pails  :  that  section  of  my  shell  which  is  useful  to  me  now 
I  will  carry  without  complaint,  but  as  for  the  rest,  it  was. 
I  admit,  necessary  in  the  past,  but  now  T  have  outgrown 
it  and  I  will  carry  it  no  longer." 

Granting  that  a  shell  once  ac(|uired  nnist  alwavs  be 
carried,  it  nn'ght  be  claimed  that  this  furnished  a  con- 
clusive argument  against  the  existence  of  snails,  at  least 
all  except  young  snails,  for  if  the  burden  of  outgrown 
shell  increases  imceasingly  from  year  to  year  it  is  evi- 
dent that  it  must  soon  become  so  great  that  no  snail  can 
carry  it.  On  the  other  hand,  the  fact  that  snails  do 
carry  their  shells  year  after  year  indicates  that  na- 
ture provides  increasing  strength  for  increasing  needs. 
The  snail  is  larger  and  stronger  than  it  was  last  year, 
otherwise  it  would  not  have  outgrown  last  year's  shell. 
The  outgrown  shells  of  last  year,  the  year  before  last 
and  the  year  before  that  diminish  progressively  to  the 
minute  original  shell  of  the  first  year. 

This  progressive  diminution  follows  a  definite  law. 
the  law  of  geometrical  progression.     In  order  that  this 
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law  should  govern  the  growth  of  the  shell  it  is  only  nec- 
essary that  the  food  supply  and  appetite  of  the  animal 
should  be  in  due  proportion  to  its  size.  If  it  doubles  its 
weight  each  year  a  geometrical  progression  will  be 
established  with  a  ratio  of  two.  Each  year's  growth  of 
shell  is  one  term  of  the  progression,  and  the  sum  of  all 
the  terms  is  the  whole  shell.  It  is  a  peculiarity  of  a 
complete  geometrical  progression  that  no  matter  how 
great  the  number  of  terms  the  sum  of  all  of  the  terms 
bears  a  constant  ratio  to  the  largest  term.  This  prin- 
ciple when  applied  to  the  snail's  shell  shows  that  no 
matter  how  great  the  number  of  outgrown  sections  there 
may  be  in  the  shell  their  aggregate  weight  increases  no 
more  rapidly  than  the  weight  of  the  shell  itself ;  that  is, 
the  burden  of  outgrown  shell  remains  exactly  in  propor- 
tion to  the  size  of  the  animal  and  furnishes  no  barrier  to 
its  indefinite  growth. 

A  numerical  example  will  illustrate  the  point.     As- 
sume that  at  the  time  a  snail  is  first  observed  the  aggre- 


Inidal  Condition 


FIG.    I — PERIODS    OF    GROWTH    OF    A    SNAILS    SHELL 

gate  weight  of  all  outgrown  shells  is  one,  and  of  the 
whole  shell  is  two.  At  this  time  the  dead  weight  of  out- 
grown shells  is  one-half  of  the  total.  Assume  further 
that  the  animal  doubles  in  weight  in  a  fixed  period  of 
time,  say  a  year.  Then  each  year  the  weight  of  the  shell 
will  double  and  all  of  the  shell  which  was  in  use  at  the 
beginning  of  the  period  will  have  been  outgrown  at  the 
end  of  the  period.  The  amount  of  shell  grown  during 
each  period,  the  amount  of  outgrown  shell  and  the  total 
weight  of  shell  at  the  end  of  each  period  may  be  tabu- 
lated thus: — 


-NEW   GROWTH 

riod          Useful 

PREVIOUS 

Unused       Total 

GROWTH ■ 

Outgrown 

"""^             shell 

shell 

shell 

tial                 I 

I                 2 

50% 

I                    2 

2                 4 

50% 

2                    4 

4                 8 

50% 

3                   8 

8               16 

50% 

In  an  electric  lighting  business  outgrown  power 
plants  present  a  problem  similar  to  the  snail's  burden  of 
outgrown  shell.  Take  as  a  typical  case  a  company  which 
began  business  in  a  small  way  thirty  years  ago.  The 
business  was  then  in  the  experimental  stage,  so  that 
$12500  was  first  spent  on  a  small  temporary  power 
plant  with  which  to  get  the  business  started.  This  was 
succeeded  by  a  permanent  power  plant  of  100  kilowatts 
initial  capacity.  The  growth  of  the  business  was  so 
rapid,  nearly  25  percent  per  year,  that  it  increased  five- 
fold in  seven  and  a  half  years,  at  the  end  of  which  time 
the  first  permanent  plant,  then  of  500  kilowatts  capacity, 
was  outgrown.  A  second  plant  was  then  started  on  a 
larger  scale,  but  the  same  rate  of  growth  being  unex- 
pectedly maintained,  that,  too,  was  outgrown  in  another 
equal  period  of  time.  Now  that  the  fourth  "permanent" 
power  plant  can  be  increased  no  more,  and  the  fifth  is 
about  to  be  started,  the  company  reviews  its  successive 
investments  in  plants  to  the  end  of  each  period  thus : — - 


Period 


NEW   CONSTRUCTION- 

_  Useful 
investment 


PREVIOUS    CONSTRUCTION — - 

.  Unused  Total      °"*- 

investment  grown 

1  500  kw  @  $100  =     $50  000  $12500  $62500       20% 

2  2500  kw  (g)  $100  =     250000  62500  312500       20% 

3  12  500  kw  @  $100^  I  250000  312500       1562500       20% 

4  62  500  kw  @  $100  =  6250000       1562500       7812500       20% 

Although  the  company  is  still  carrying  as  part  of  its 
capital  the  $12  500  spent  for  a  temporary  power  plant 
thirty  years  ago,  $50  000  for  its  first  permanent  plant 
which  was  abandoned  twenty-two  and  a  half  years  ago, 
$250000  for  the  second  plant  which  was  outgrown  fif- 
teen years  ago,  and  $1  250  000  for  the  third  plant,  which 
has  not  been  operated  for  seven  and  a  half  years,  this 
aggregate  outgrown  property  increases  its  powder  plant 
investment  but  20  percent.  Today  ground  has  been 
broken  for  the  fifth  plant,  which  is  to  have  an  ultimate 
development  of  312  500  kilowatts.  Seven  and  a  half 
years  hence,  when  that  development  is  complete,  the 
present  62  500  kilowatt  plant  will  be  too  small  even  for 
reserve,  but  the  six  and  a  quarter  millions  which  it  cost 
can  still  be  carried  and  the  burden  for  investments  in 
outgrown  plants  will  be  no  greater  than  it  is  today,  and 
consequently  no  greater  than  it  has  been  at  the  end  of 
any  previous  period — that  is,  20  percent. 

As  all  of  the  weight  of  the  snail  is  not  in  the  shell, 
so  all  of  the  company's  investment  is  not  in  power 
houses.  Other  parts,  such  as  the  distributing  system, 
have  been  able  to  gro^v,  like  the  soft  body  of  the  snail, 
by  increments.  Thus,  since  but  half  of  the  company's 
total  investment  is  in  power  houses,  but  10  percent  of  its 
total  capital  is  invested  in  outgrown  power  plants. 

It  is  part  of  the  natural  course  of  events  that  the 
great  must  grow  from  the  small,  and  that  to  grow,  one 
must  outgrow.  In  an  old-established  business  the  pres- 
ence of  outgrown  equipment  is  to  be  expected :  its  ab- 
sence should  be  deemed  an  abnormal  circumstance. 
The  straightforward  and  logical  method  of  meeting  this 
condition  seems  to  be  to  recognize  the  fact  that  out- 
grown equipment  is  a  normal  element  in  every  business 
and  that  the  cost  of  such  equipment  should  form  a  cer- 
tain proportion  of  the  proper  capitalization. 


Some  Tests  of  Railway  Motor  Gearing 


II.  K.  IIardcastle 


THE  efforts  made  during  the  past  few  years  to  re- 
duce the  first  cost  and  maintenance  expense  of 
railway  gears  and  pinions  have  produced  some 
really  remarkable  results.  The  object  sought,  and  to  a 
great  extent  obtained,  was  to  produce  gearing  having 
great  strength  to  withstand  the  maximum  loads  which 
would  be  ap]ilied  on  the  teeth,  combined  with  resistance 
to  fatigue,  sjfjud  \\eariii<r  qualities  and  a  reasonablv  low 
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first  cost.  1  he  ability  of  a  material  to  stand  up  under 
maximum  load  may  be  considered  as  a  function  of  its 
ultimate  strength  and  yield  point.  Its  abihty  to  resist 
fatigue  is  proportional  to  its  elongation  and  reduction 
in  area  before  rupture  occurs.  The  wearing  qualities 
are  dependent  on  the  hardness,  which  may  be  repre- 
sented by  a  number  on  the  Brinnel  or  scleroscope  scale. 
The  principal  characteristics  of  some  railway  gearing 
material  now  in  common  use  are  given  in  Table  1.  The 
toughness,  as  represented  by  the  elongation  in  two  inches 
and  the  reduction  of  area,  need  be  only  sufficient  to  pre- 
vent breaking  from  impact  or  alternating  stresses. 
whereas  the  greater  the  yield  point  and  hardness,  the 
longer  will  be  the  life  of  the  material.  A  steel,  known 
as  BP,  which  has   recently  been   developed  by  a  large 


manufacturer,  possesses  all  the  desirable  features  noted 
above,  combined  with  moderate  first  cost. 

Some  very  interesting  tests  were  made  recently  to 
determine  the  effect  of  passing  different  materials 
through  the  mesh  of  this  special  process  gearing  as  com- 
pared to  results  of  the  same  test  with  a  standard  gear 
and  forged  steel  pinion.  It  was  the  intention  when  these 
tests  were  started  that  they  should  be  continued  till  some 
essential  Dart  of  the  eauipment  failed.    The  tests  were, 


therefore,  purposely  carried  beyond  the  point  of  failure 
and  the  conditions  were  made  much  worse  than  might 
be  expected  in  actual  service. 

The  motor  was  mounted  on,  and  geared  to  a  counter- 
shaft supporting  a  heavy  flywheel  in  the  same  way  it 
would  normally  be  mounted  on  a  car  axle,  as  shown  in 
Fig.  I.  A  lever  was  mounted  just  above  the  ])oint  of 
meshing  of  the  gear  and  pinion  to  provide  fur  inserting 
a  test  piece  directly  in  the  mesh.  In  making  the  test,  the 
motor  was  accelerated  to  a  speed  of  approximately  850 
r.p.m.  The  power  was  then  cut  off  and  the  test  piece 
put  in  the  mesh  of  the  gears  by  pulling  the  string  at- 
tached to  the  lever.  The  test  jjieces  were  made  from 
hot  rolled  steel,  cold  rolled  steel  and  tool  steel.  Some 
of  the  pieces  of  tool  steel  were  quenched  in  water  to 
give  the  greatest  possible  hardness.  The  sizes  were 
34,  }i  and  3^  inch  and  the  pieces  were  both  round  and 
square.  Some  of  these  pieces  were  straight  and  others 
were  bent  in  the  shape  of  an  L,  Fig.  2.  One  test  piece 
under  each  figure  shows  how  the  test  piece  was  prepared, 
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antl  the  other  jiiece  shows  how-  it  appeared  after  passing 
through  the  mesh.  Two  series  of  tests  were  made,  one 
with  a  standard  (  CS)  cast  steel  gear  meshing  with  a 
(NS)  treated  forged  steel  pinion,  and  the  other  with 
DP  forged  steel  gear  and  pinion.  Practically  the  same 
test  pieces  and  the  same  manner  of  inserting  them  were 
used  in  the  two  seis  of  tests. 

The  dilYerence  in  the  effect  on  the  gearing  in  the  two 
tests  is  shown  in  a  striking  manner  in  Figs.  3  and  4. 
The  standard  gear  and  forged  steel  pinion  was  damaged 
beyond  any  ])ossibility  of  use,  whereas,  in  the  case  of 
the  BP  product,  the  only  visible  evidence  is  a  slight 
burr  on  the  edges  of  some  of  the  teeth. 

The  question  might  at  first  sight  be  raised  as  to  how 
the  space  was  obtained  in  the  case  of  the  BP  gearing  to 
permit  the  tool  steel  test  pieces  to  ])ass  through  the  mesh 
without  crushing,  and  without  damaging  the  teeth.  The 
necessary  clearance  was  probably  obtained  by  the  spring 
of  motor  shaft,  motor  frame,  axle  bearing  bolts,  axle. 
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and  other  parts,  exclusive  of  the  gear  and  pinion.  This  pieces  /,  2  and  j,  hot  rolled  and  cold  rolled  steel  of  % 
spring,  however,  did  not  take  place  for  material  equiva-  and  i-i  inch  diameter,  were  entirely  crushed  by  being 
lent  to  bolts,  nuts  or  other  parts  of  the  gear  case,  as  test     passed  through  the  mesh. 

TABLE  I— COMPAR.^TIVE  GEAR  DATA. 


GEARS 

Percent 

Percent 

Grade 

Material 

Carbon 

Ultimate 

Elastic 

Elong. 

Reduction 

Surface 

Relative 

Relative 

Strength 

Limit 

in  2  In. 

in  Area 

Hardness 

Life 

Cost 

Untreated  (CS) .... 

Cast  steel 

Medium 

60  000  to    75  000 

30  000  to  40  000 

18-22 

25-35 

121-155  Brinell 

$1.00 

$1 .00 

Untreated  (FM) .  .  . 

Forged  steel 

Medium 

70  000  to    85  000 

35  000  to  45  000 

18-22 

35-45 

176-196  Brinell 

1-25 

1. 10 

Oil  quenched  (SS) .  . 

Forged  steel 

High 

1 10  000  to  125  000 

75  000  to  85  000 

10-14 

25-35 

302-364  Brinell 

2.50 

1 .40 

Special  process  (BP) 

Forged  steel 

Medium 

115  000  to  130000 

80  000  to  90  000 

8-12 

25-35 

41S-555  Brinell 

350 

I  .50 

Case  liardened 

Cast  steel 

Low 

* 

1 

555-650  Brinell 

I  4 -50 

2  .00 

85-  95  Sclerescope 

1 

Case  hardened 

Forged  steel 

Low 

{ 

555-650  Brinell 

I  5  00 

2  .00 

85-  95  Sclerescope 

/ 

PINIONS 

Standard  (NS) 

Forged  steel 

Medium 

90000  to  105000 

50  000  to  60  000 

12-18 

30-45 

207-287  Brinell 

Si  .00 

Si  .00 

Special  service   (SS) 

Forged  steel 

High 

1 10  000  to  125000 

75  000  to  85  000 

10-14 

25-35 

302-364  Brinell 

2.00 

1 .40 

Special  process  (BP) 

Forged  steel 

Medium 

115  000  to  130000 

80  000  to  90  000 

8-12 

25-35 

418-555  Brinell 

3  50 

1 .50 

Case  hardened 

Forged  steel 

Low 

* 

85-  95  Sclerescope 

450 

2.00 

*  Impracticable  to  obtain  pulling  test. 


Operation  of  Direct-Current  Motors 

as  Generators 


B.  H.  Chatto 


THERE  appears  to  be  a  lack  of  understanding  in 
regard  to  the  characteristics  of  a  direct-current 
motor  when  operated  as  a  generator,  and  the 
rating  which  may  be  obtained  from  a  given  motor  when 
wound  as  a  generator  to  run  at  the  same  rated  speed. 
At  first  thought,  it  may  appear  that  a  motor  having  75 
percent  efficiency  could  be  made  to  deliver  as  a  gener- 
ator the  same  kilowatts  as  it  will  deliver  horse-power 
as  a  motor,  since  the  line  amperes  and  voltage  would  be 
the  same  in  either  case.  Such  an  assumption  is  approxi- 
mately true,  provided  the  speed  is  increased  to  a  point 
where  the  machine  will  deliver  as  a  generator  its  rated 
voltage  at  the  terminals.  This  speed  is  in  proportion 
to  the  motor  speed  as  (£  +  IR)  is  to  (  £  —  IR),  where 
E  is  the  terminal  voltage,  and  IR  is  the  internal  drop  in 
the  windings  and  brushes. 

In  the  case  just  cited  a  slight  increase  in  tempera- 
ture may  be  expected,  because  the  armature  current  has 
been  increased  by  an  amount  equal  to  twice  the  shunt 
field  current;  and  because  the  core  loss,  friction  and 
windage  are  greater  than  at  the  motor  speed.  On  the 
other  hand,  heat  radiated  from  the  armature  per  de- 
gree rise  will  have  increased  because  of  the  higher 
peripheral  speed.  In  general,  motors  with  a  continuous 
duty  rating  operate  at  temperatures  low  enough  to  per- 
mit their  use  as  generators  under  the  conditions  just 
outlined. 

If  it  is  desired  to  rewind  a  motor  to  operate  as  a 
generator  at  its  rated  speed  and  voltage,  and  to  maintain 
temperatures  equal  to  the  motor  rating,  it  is  necessary 


to  increase  the  number  of  armature  turns  in  the  propor- 
tion of  (£  +  IR)  to  (£  —  IR).  If  the  design  is  such 
that  the  number  of  turns  can  be  so  increased  without  any 
sacrifice  in  efficiency,  an  output  can  be  obtained  in  watts 
equal  to  that  of  the  motor  in  watts ;  that  is,  for  a  given 

TABLE    I— CO.MPARISON   OF   CHARACTERISTICS  OF    i    Hp   MOTOR 

OPERATING  AS  A   U   Kw  GENERATOR  AT  NORMAL  SPEED 

.■^.\'D  AS  A  I  Kw  GENERATOR  AT  INCREASED  SPEED 


Full  load  r.p.m 

Terminal  volts 

Line  amperes 

Field  amperes 

Armature  amperes 

Number  of  slots 

Number  of  commutator  bars. . 

Turns  per  bar 

Conductors  per  slot 

Size  of  wire.  B.  &  S 

Insulated  diameter — inches. . . 
Diarn.^  X  conductors  per  slot 

.\rm.  res.  at  75  deg.  C 

Volts  drop  in  arm 

Watts  iron  loss 

Armature  PR 

I  •  R  4-  iron  loss 

Degrees  rise.  C 

Watts  per  degree  rise 

Brush  drop 

Counter  e.m.f 

Total  flux — kilo-lines 

Shunt  field  PR 

Brush  PR 

Friction  and  windage 

Total  losses 

Output  in  watts 

Input  in  watts 

Percent  full  load  efficiency .  .  . 


I  Hp  Motor 


IISO 

ns 
8.2s 
0.61 
7.64 
20 
60 
7 
42 

18  Dec 
0.04925 
o.  102 
1. 16 
8.8s 
27 

67.  S 
94  S 
38 
2.48 
2.0 
104.14 
648 
70 
IS. 3 
24 
204 
746 
950 
78. S 


I  Kw  Gen.   !  3^  Kw  Gen. 


1410 

IIS 

S. 

O- 

9. 
20 
60 


IISO 

IIS 

6 


42 

18  DCC 
0.04925 
o.  102 
1.16 
10.8 
.     35 
100.  s 
135. S 
49 
2.77 
2.  I 
127.9 
648 
70 
19.5 
30.9 
255.9 
1000 
1255 


79.6 


20 
60 

9 
54 
19   DCC 

0.04s 

0- 109s 

1.88 
13.3 
24 
94 
118 
47.5 

2.48 

1.9s 
130. 3S 
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65. S 

13.8 

24 
221.3 
7S0 
976.3 

76.7 


temperature,  generator  output  in  watts  equals  the  motor 
output  in  horse-power  times  746.  The  reason  for  this  is 
evident  from  the  fact  that  for  a  given  watts  output  and 
efficiency  there  will  be  the  same  losses  whether  the  out- 
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put  is  in  the  form  of  mechanical  or  electrical  energy.  In 
one  case  the  losses  are  taken  from  the  line,  while  in  the 
other  they  are  supplied  by  the  driving  engine  motor. 

The  analysis  of  the  losses  and  temperatures  in  a  one 
horse-power  shunt  motor  when  operating  as  a  motor, 
when  operating  as  a  one  kilowatt  generator  at  an  in- 
creased speed,  and  when  wound  as  a  three-quarter  kilo- 
watt generator  at  its  normal  speed,  given  in  Table  I, 
illustrates  the  foregoing.  These  figures  are  based  on 
the  tested  performance  of  such  a  motor.  Allowance  has 
been  made  for  the  better  radiation  from  the  armature 
when  operated  at  1410  r.p.m.  The  field  watts  for  the 
three-quarter  kilowatt  generator  include  the  loss  in  the 
field  rheostat,  while  the  one  kilowatt  generator  is  as- 
sumed to  operate  at  full  field.     In  practice  it  would  be 


advisable  to  operate  the  one  kilowatt  machine  at  a 
slightly  higher  speed,  say  1500  r.p.m.,  in  order  to  pro- 
vide some  margin  for  variations. 

If  a  higher  speed  motor  be  taken  for  comparison, 
the  shunt  field  loss  will  be  less  and  the  iron  loss,  friction 
and  windage  be  greater.  The  comparison  is,  there- 
fore, more  favorable  to  the  generator.  For  example,  a 
motor  rated  at  one  horse-power,  115  volts,  1700  r.p.m., 
was  found  to  deliver  one  kilowatt,  115  volts  at  2050 
r.p.m.,  with  a  temperature  rise  only  1.5  degrees  higher 
than  when  operating  a  motor. 

If  compound  machines  are  considered  the  ratios  will 
not  be  materially  different.  However,  the  average  com- 
pound-wound motor  will  be  found  to  under-compound 
if  operated  at  an  increased  speed  as  a  generator. 


Bands  vs.  Wedges  for  Retaining  Armature  Coils 

III  the  early  construction  of  direct-current  generators  and 
motors,  the  coils  were  retained  within  the  core  hy  bands  of 
steel  wire  and  the  end  windings  were  held  in  place  by  brass  or 
bronze  end  bells.  With  these  end  bells  the  end  windings  were 
almost  entirely  enclosed  and  ventilation  was  practically  cut  ofl. 
The  best  path  for  radiation  of  heat  was,  therefore,  closed  and  a 
high  temperature  rise  was  the  result.  It  was  also  a  very  diffi- 
cult matter  to  fit  the  end  bells  over  the  windings  in  such  a 
manner  that  all  the  coils  would  be  properly  supported.  Some 
coils  extended  a  little  farther  than  others  and  were  subjected  to 
undue  pressure  when  the  end  bells  were  fitted  in  place.  This 
was  very  apt  to  cause  a  rupture  in  the  insulation  and  a  ground 
would  result.  When  this  occurred  it  was  necessary  to  remove 
the  entire  end  bell  in  order  to  find  the  defective  coil.  The 
insulation  lining  of  the  end  bell  was  liable  to  be  displaced  when 
the  end  bell  was  being  fastened  to  the  armature,  and  because  of 
the  closed  construction  this  could  not  be  discovered  until  the 
coils  had  become  damaged. 

The  use  of  end  bells  on  the  end  windings  has  been  entirely 
superseded  by  banding  with  steel  wires.  With  the  use  of  band- 
ing, an  open  construction  of  the  end  windings  is  secured  and 
good  ventilation  results.  This  decreases  the  temperature  rise 
in  the  armature.  The  banding  also  holds  all  the  coils  firmly 
against  a  coil  support  without  doing  any  damage  to  the  insula- 
tion. The  insulation  between  the  coil  support  and  the  windings 
is  in  plain  view  at  all  times  and  any  movement  during  con- 
struction can  readily  be  detected. 

Although  banding  is  very  advantageous  for  retaining  end 
windings,  when  it  is  used  for  retaining  armature  coils  within 
the  core  of  direct-current  generators,  it  is  disadvantageous  for 
various  mechanical  reasons.  I'irst — In  making  the  armature 
punchings  a  punching  of  smaller  diameter  must  be  made  for 
use  under  the  banding  in  order  that  the  remainder  of  the 
punchings  and  the  outside  of  the  bands  will  form  a  smooth 
surface.  This  naturally  increases  the  cost  of  manufacture. 
Second — In  making  repairs  on  a  banded  armature  the  entire 
banding  must  be  removed  in  order  to  take  out  an  armature  coil. 
Since  there  would  be  a  number  of  bands  the  work  would  neces- 
sarily be  very  slow  and  tedious.  With  the  use  of  fibre  or 
wooden  wedges,  repairs  can  be  completed  in  a  very  much 
shorter  time,  since  the  wedges  need  only  be  removed  from  the 


slots  in  which  the  defective  coils  lie  and  the  bands  over  the  end 
windings  removed.  The  use  of  bands  is  also  objectionable 
from  the  standpoint  of  electrical  design.  Since  a  section  of  the 
armature  slots  is  closed,  a  closed  magnetic  circuit  is  formed 
around  the  armature  coils,  increasing  the  armature  self-induc- 
tion, which  might  cause  sparking  at  the  brushes.  For  this  rea- 
son, in  modern  direct-current  generators,  the  armature  coils  are 
retained  within  the  core  by  means  of  wedges  of  fibre  or  wood 
almost  exclusively. 

There  are  some  types  of  machines,  the  railway  motor  for 
example,  in  which  the  service  is  very  hard,  and  a  very  rigid 
construction  is  required  to  keep  the  armature  coils  in  place. 
In  these  cases  the  banded  armature  has  been  found  to  best 
answer  the  purpose.  For  the  class  of  service,  however,  that 
direct-current  generators  are  called  upon  to  endure,  wedges 
have  been  found  entirely  suitable.  They  are  of  ample  strength, 
with  the  advantage  of  reducing  the  cost  of  generator  manufac- 
ture and  repair.  B.  H.  LvTLE 


Star  and  Delta  Transformers  in  Parallel 

Tlie  question  sometimes  comes  up  as  to  whctlu-r  a  delta- 
star  group  of  transformers  can  be  paralleled  with  a  delta-delta 
group  fed  by  the  same  generator  if  the  secondary  voltages  of 
both  groups  are  the  same,     .-^s  will  be  seen   from  Fig.   I,  the 


3 
3 


voltage  between  lines  10  and  12  cannot  be  paralleled  with  any 
of  the  '=.nes  4,  5,  6,  because  none  of  the  voltages  between  the 
laUer  have  the  same  phase,  the  nearest  one  being  30  degrees 
out  of  phase.  R.  H.  Willard 
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1246 — Flat    Spots    on    Commutator — 

We  liavc  a  500  volt  multipolar  shunt 
direct-current  generator  which  sparks 
and  wears  flat  spots  on  the  commu- 
tator. .'X.fter  turning  the  commutator 
down  it  works  well  for  a  while,  but 
soon  develops  flat  spots  again.  This 
machine  is  really  a  shunt  wound 
motor,  but  is  used  as  a  generator  on  a 
trolley  system.  Please  explain  the  cause 
of  the  flat  spots.  E.  M.  D.  ( w.'iSH.) 

Flat  spots  on  the  commutator  are  the 
direct  results  of  faulty  commutator  con- 
dition. Any  irregularities  in  the  com- 
mutator surface,  such  as  high  mica  or  a 
higli  commutator  bar,  which  tend  to  raise 
the  brushes  and  break  the  current  which 
they  carry,  produce  sparking.  The  spark 
itself  consists  of  heated  and  volatilized 
particles  of  the  electrodes  between  which 
it  exists — in  this  case,  the  brush  and 
commutator  se.gment — and  the  result  of 
localized  sparking  at  one  or  more  places 
on  the  commutator  every  time  they  pass 
under  the  bruslics,  is  to  gradually  burn 
away  and  rouglien  the  surface  at  these 
points,  eventually  resulting  in  flat  spots. 
The  trouble  can  be  readily  eliminated  by 
keeping  the  commutator  surface  in  a 
perfectly  round  and  smooth  condition  by 
turning  or  grinding.  In  case  there  is  a 
tendency  of  the  mica  to  work  up  be- 
tween bars,  this  should  be  slightly 
undercut,  and  the  edges  of  the  undercut 
slots  well  rounded  over.  r.  h.  T. 

1247 — Synchronizing    Alter  nators — 

What  is  the  greatest  angle  of  phase 
displacement  that  can  exist  between 
two  machines,  and  yet  permit  them  to 
pull  in  when  tlirown  together?  Is  the 
synchroscope  an  exact  indication  of 
the  relative  positions  of  any  two  ma- 
chines in  electrical  degrees?  Can  the 
point  of  pull-out  be  determined  by  a 
circle  diagram?  s.  H.  B.  (coLO.) 

If  two  machines  are  running  at  the 
same  speed,  and  are  connected  to.gether, 
out  of  phase,  whether  they  will  pull  to- 
gether depends  entirely  upon  the  react- 
ance of  the  machines  and  tlie  resistance 
of  their  damper  windings.  In  general,  a 
low-resistance  damper  winding  will  have 
a  large  pull-in  torque,  near  synchronous 
speed,  and  a  relatively  poor  starting 
torque.  No  definite  angle  may  be  speci- 
fied except  for  each  particular  case.  The 
use  of  a  synchroscope  makes  it  possible 
to  determine  the  exact  difference  in 
phase  between  the  electro-motive  force 
of  the  incoming  machine  and  the  electro- 
motive force  of  the  system  at  syncliron- 
ism.  A  circle  diagram  to  obtain  tlie  pull- 
out  torque  for  a  synchronous  motor 
pre-supposes  the  knowledge  of  the  syn- 
chronous impedance  of  the  machine  at 
the  power-factor  at  which  it  pulls  out. 
The  synchronous  impedance  of  a  salient 
pole  machine  changes  considerably  with 


the  power-factor,  so  that  the  circle  dia- 
gram has  had  no  general  commercial  ap- 
plication to  the  performance  of  S}T1- 
chronous  motors.  K,  T.  H. 

1248 — Series  Motor  Field  Connections 

— Should  the  series  field  of  a  600  volt 
series  motor  on  a  ground  return  sys- 
tem be  connected  between  the  line  and 
the  armature,  or  between  the  ground 
and  tlie  armature?  Please  discuss  the 
advantages  and  disadvantages  of  each 
method.  H.T.  E.  (vA.) 

It  is  standard  practice  to  connect  the 
field  between  the  armature  and  ground. 
The  advantages  of  this  connection  are  :— 
(l)  In  case  the  current  flashes  to  ground 
from  the  commutator,  the  field  is  short- 
circuited,  eliminating  tlie  possibility  of 
the  armature  rotating  in  a  very  strong 
magnetic  field,  which  would  aggravate 
the  flash  and  also  throw  very  severe 
strains  on  the  mechanical  parts,  such  as 
the  gears  and  shaft.  (2)  In  case  the 
armature  becomes  grounded,  tlie  field  is 
short-circuited,  which  eliminates  the  pos- 
sibility of  trouble  due  to  the  armature 
rotating  in  a  strong  magnetic  field,  as 
explained  above.  (3)  The  fields,  which 
are  subjected  to  dampness,  water,  etc., 
have  only  a  low  voltage  to  ground,  and 
hence  the  tendency  for  them  to  become 
grounded  is  decreased.  Some  of  the 
disadvantages  of  connecting  the  arma- 
ture ahead  of  the  field  are: — (i)  The 
armature,  which  is  the  hardest  part  to 
insulate,  is  subjected  to  the  greatest 
strains,  particularly  during  surges  caused 
by  lightning,  etc.  (2)  The  field  may  be- 
come grounded  so  as  to  short-circuit 
part  of  the  field,  thereby  permitting  the 
motor  to  continue  operating,  but  witli 
poor  commutation  and  at  higher  speed ; 
therefore,  if  the  motor  should  be  oper- 
ating in  parallel  with  other  motors  (such 
as  in  railway  work)  it  will  take  more 
than  its  share  of  the  load  and  the  arma- 
ture may  be  injured  by  overloads.  Some 
of  the  advantages  of  connecting  the  field 
ahead  of  armature  are: — (l)  Tlie  fields 
protect  the  armature  from  high-voltage 
surges  due  to  lightning,  etc.  (2)  If 
the  field  becomes  grounded  the  circuit 
breaker  opens  and  the  motor  cannot  con- 
tinue to  operate  with  weak  fields  due  to 
part  of  the  field  being  short-circuited 
caused  by  the  ground.  (This  does  not 
in  any  way  protect  the  motor  from 
operating  with  a  weak  field  due  to  short- 
circuits  between  turns  of  the  field  coils). 
The  disadvantages  of  connecting  the 
field  ahead  of  the  armature  are: — (i) 
The  field  is  always  subjected  to  the 
operating  voltage  and,  therefore,  the 
tendency  for  the  field  to  become 
grounded  is  increased,  while  the  tendency 
for  the  armature  to  become  grounded  is 
decreased  only  slightly.  (2)  In  case  the 
armature  bucks  over  and  is  thereby 
short-circuited,     an     abnormal     current 


flows  in  the  field,  which  produces  a  very 
strong  magnetic  field,  and  since  the  arm- 
ature is  rotating  in  the  strong  field  the 
flashover  is  aggravated.  Also,  very  se- 
vere strains  may  be  placed  on  the  me- 
chanical parts,  such  as  the  gears  and 
shaft.  (3)  In  case  the  armature  grounds, 
there  may  be  an  abnormal  current  flow 
in  the  field,  in  which  case  the  results 
may  be  quite  similar  to  those  obtained 
when  the  armature  bucks.  a.  l.  b. 

1249 — Synchronous    Motor — How    is 

the  direction  of  rotation  of  a  syn- 
chronous motor  reversed  ?  Why  is  a 
voltage  induced  in  the  field  of  a  syn- 
chronous motor  when  starting  that  is 
higher  than  the  operating  voltage  in 
the  field  ?  a.  h,  b.  (dist.  of  col.) 

The  direction  of  rotation  of  a  syn- 
chronous motor  is  reversed  by  inter- 
changing the  leads  of  one  phase,  except 
in  the  case  of  a  single-phase  motor.  For 
a  single-phase  motor  the  direction  of  ro- 
tation of  the  external  starting  appliance 
must  be  reversed.  When  a  sjaichronous 
motor  is  started  the  rotating  field  pro- 
duced by  the  armature  at  the  normal 
frequency  cuts  the  turns  on  the  station- 
ary or  slowly  revolving  field.  With  the 
field  circuits  open,  this  rotating  field,  cut- 
ting the  large  number  of  turns  in  the 
field  winding,  induces  a  voltage  greatly 
in  excess  of  the  excitation  e.m.f.  This 
voltage  is  due  to  the  difference  in  fre- 
quency or  speed  between  the  stator  and 
the  rotor.  r.  k. 

1250 — Ground    Resistanc  e — What 
method  can  be  used  to  test  the  resist- 
ance   of    the    ground    connections    on 
li.glitning  arresters  placed  on  2300  volt 
distribution  where  the  ground  is  made 
by  connecting  to  an  iron  pipe  driven 
into   the  ground?     What   should   this 
resistance  measure  to  make  a  satisfac- 
tory ground?  E.  c.  B.  (pa.) 
The  method  of  testing  the  resistance 
of  iron  pipe  grounds  used  in  connection 
with  2300  volt  distribution  systems  varies 
with  the  conditions  in  each  locality.   The 
only   satisfactory   method   for   testing   a 
ground  connection  is  to  measure  its  re- 
sistance to  some  neighboring  ground  of 
good  quality,  such  as  a  water  pipe.    The 
resistance  of  a  pipe  ground  under  these 
conditions  should  lie  between  15  and  30 
ohms.     The   method    of    measuring   the 
resistance  is,  of  course,  to  pass  current 
tlirough   the   earth   between   the   ground 
and  the  water  pipe,  but  the  source  from 
which   this  current  is   derived  must  de- 
pend upon  local  conditions.    The  current 
can  be  taken  from  the  local  lighting  cir- 
cuit  on    the    low-tension    side,    or    even 
from  the  high-tension  side  with  proper 
precautions.     In  some  cases  it  might  be 
more  convenient  to  use  current  from  the 
storage    battery    of   an    electric    vehicle, 
particularly    if    the    operating    company 
uses  electric  trucks.  Q.  A.  B. 
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I25I — Ammeter  Shunt — On  which  side 
of    a    direct-current    generator   circuit 
should  an  ammeter  shunt  be  placed? 
L.  B.  G.  (n.i,.) 

On  a  compound  -  wound  generator 
which  is  operating  in  parallel  with 
others,  and  consequently  has  equalizer 
connections,  it  is  necessary  that  the  am- 
meter shunt  be  placed  cither  on  the  op- 
posite side  of  the  armature  from  that  in 
which  the  series  field  is  connected,  or 
between  the  armature  and  the  equalizer 
connection ;  preferably  the  former,  as 
the  resistance  of  the  equalizer  connec- 
tion is  thereby  kept  at  a  minimum.  On 
a  shunt  machine  it  makes  no  particular 
diiiference  in  which  lead  the  shunt  is 
connected.  If  one  side  of  the  generator 
is  grounded  it  is  always  better,  other 
things  being  equal,  to  connect  the  shunt 
on  the  grounded  side  of  the  armature, 
as  the  potential  of  the  ammeter  leads  to 
ground  is  thereby  reduced.  C.  R.  R. 

1252 — Direction  of  Rotation — How  is 

the  direction  of  rotation  of  a  single- 
phase  repulsion  motor  reversed? 

A.  H.B.  (d.  C.) 

These  motors  are  usually  reversed  by 
shifting  the  brushholder  rocker  ring  so 
that  the  brushes  bear  on  the  commutator 
on  the  o])posite  side  of  the  electrical  neu- 
tral. The  brushholder  rocker  ring  cast- 
ing usually  carries  three  marks  perhaps 
one-eighth  inch  to  one-fourth  inch  apart. 
Ojipositc  these  marks  and  on  the  sup- 
port or  bearing  bracket  is  a  single  mark 
or  pointer.  When  this  pointer  is  oppo- 
site the  middle  one  of  the  three  marks 
on  the  brushholder  ring  the  brushes  are 
on  "neutral"  and  the  motor  will  not 
start  in  either  direction.  When  the 
pointer  is  opposite  one  or  the  other  of 
the  outside  marks  of  the  three  the  motor 
will  run  right-handed  or  left-handed,  re- 
spectively. A.  M.  D. 

1253— Through-Type  Current  Trans- 
former —  (a)  Does  the  ratio  error 
and  phase  angle  error  for  a  given  sec- 
ondary current  in  a  through  type  cur- 
rent transformer  remain  the  same  re- 
gardless of  the  number  of  primary 
turns  laced  through  the  hole?  (b) 
Should  a  change  of  temperature  in  the 
winding  affect  the  constants  of  the 
transformer  above  mentioned?  If  so, 
how  are  standard  current  transform- 
ers calibrated,  keeping  them  cool  as 
possible  by  taking  quick  checks,  or  al- 
lowing them  to  come  to  a  constant 
temperature?  j.  k.  n.  (onio) 

The  ratio  error  and  phase  angle  may 
be  slightly  affected  by  the  number  of 
primary  turns  laced  through  the  hole 
due  to  the  change  in  transformer  im- 
pedance, but  such  change  can  be  disre- 
garded for  all  practical  calibrations. 
Likewise,  the  effect  of  change  of  tem- 
perature of  the  windings  can  be  neg- 
lected. Current  transformers  of  this 
type  are  usuallj'  calibrated  without  re- 
gard to  temperature  and  using  as  many 
primary  turns  as  are  convenient,     vv.  R.  w. 

1254— Iron  vs.  Bronze  Moving  Con- 
tacts— What  (inality  of  iron  is  used 
in  the  switch  wheels  of  electric  sign 
flashers?  We  have  tried  ordinary  cast 
iron  wheels,  but  found  them  un>aiis- 
f actory,  as  they  developed  bad  sur  1  .ue 
burns  and  would  not  take  a  smonth 
surface  when  used  with  a  sheet  phos- 
phor bronze  brush.  Is  the  combination 
of  an  iron  wheel  with  the  above  brush 
correct?    We  are  at  present  using  cast 
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l)ronze  wheels  with  the  above  brush 
which,  although  they  break  the  current 
properly,  nevertheless  wear  rapidly. 

w.  H.  S.  (calif.) 
Satisfactory  results  could  hardly  be 
obtained  from  ordinary  cast  iron  where 
there  is  a  flash  due  to  the  breaking  of  a 
circuit.  To  get  the  best  results  we 
would  reconniiend  a  bronze  composed  of 
approximately  f)2  percent  copper  and  8 
percent  tin.  This,  however,  should  have 
a  small  amount  of  antimony  or  nickel 
added  to  it  when  casting  in  order  to 
make  the  material  set  quickly  and  give  a 
fine  grain.  T.  n.  L. 

1255— Series     Single  -  Phase     Motor— 

b'ig.  1255(a)  represents  a  single-phase 
motor  of  the  commutator  type  having 
a  series  characteristic.  In  this  figure 
(]  represents  the  "transformer"  wind- 
ing, aa  the  energy  brushes,  bb  the  ex- 
citing brushes,  and  h  is  a  coil  of  the 
series  type,  that  is,  having  few  turns 
and  of  low  resistance,  the  number  of 
turns  being  probably  less  than  the 
number  of  effective  armature  turns. 
Consider  this  as  Case  I.  For  Case  2, 
let  h  be  changed  to  a  winding  of  the 
shunt  type,  that  is,  having  many  turns 
and  high  resistance,  say  1000  times  as 
great  as  the  armature  resistance,  like  a 
direct-current  shunt  field  winding. 
Does  this  change  in  h  bring  about 
the  following  changes  in  the  inter- 
nal actions  of  the  motor,  without  mod- 
ifying the  series  characteristic?  I — 
At  standstill  in  Case  i  the  brushes 
aa  are  virtually  short-circuited  through 


FIG.  1255(a) 

/;,  while  in  Case  2  the  same  brushes 
are  virtually  open-circuited.  2 — Wind- 
ing cj  is  changed  from  a  transformer 
winding  in  Case  i  to  a  field  wind- 
ing in  Case  2.  3— Winding  h  is 
changed  from  a  field  regulating  wind- 
ing in  Case  i  to  a  neutralizing  wind- 
ing in  Case  2.  4 — At  standstill,  the 
axis  of  excitation  is  bb  in  Case  I  and 
is  aa  in  Case  2.  5— The  field  in 
Case  I  becomes  a  revolving  (elliptical) 
field  as  the  speed  approaches  syn- 
chronism, but  in  Case  2  the  field  is  a 
simple  stationary  field  at  all  speeds. 
6 — Case  l  resembles  the  Winter-Eich- 
berg  motor,  while  Case  2  resembles  the 
inductively  neutralized  scries  motor. 
7 — In  Case  i  the  winding  h  carries  a 
current  equal  to  the  main  line  current 
(assuming  a  i  to  I  ratio  of  turns  be- 
tween g  and  the  armature),  and  this 
current  is  supplied  to  h  from  the  arm- 
ature conductively  by  way  of  aa;  but 
in  Case  2  the  winding  h  carries  a  very 
small  current  compared  to  the  main 
line  current,  and  tliis  current  is  gen- 
erated in  the  winding  h  through  the 
inductive  action  of  the  armature  wind- 
ing along  the  axis  bb.  Please  indicate 
whether  these  statements  are  correct. 
F.  A.  R.  (ill.) 
All  of  the  above  statements  seem  to  be 
correct.  R.  E.  H. 


1256 — Ratio  of  Transformation— What 

|)ereent  difference  in  voltage  is  there 
between  a  star  and  delta  connected 
bank  of  transformers?  L.  B.  G.  (ill.) 
If  the  transformers  are  suited  to  the 
voltages  and  are  of  the  same  ratio  of 
transformation  there  will  be  no  differ- 
ence between  the  voltages  of  two  banks 
of  transformers,  one  of  which  is  con- 
nected delta  to  delta  and  the  other  star 
to  star.  However,  with  the  same  ratio 
of  transformation  the  voltage  of  a  bank 
of  transformers  connected  delta-star 
will  be  1.73  times  the  voltage  of  a  sim- 
ilar bank  connected  delta-delta  or  star- 
star,  and  the  voltage  of  a  star-delta  bank 
will  be  58  percent  of  a  delta-delta  or  a 
star-star  bank;  and  vice  versa.        c.  k.  R. 

1257—220    Volt  vs.  no   Volt  Lamps — 

.■\re  the  advantages  gained  from  using 
no  volt  lamps  instead  of  220  volt 
lamps  great  enough  to  warrant  the  in- 
stallation of  three-wire  generators,  so 
as  to  be  able  to  secure  220  volts  for 
motors  and  no  volts  for  light?  Is 
the  risk  in  handling  220  volt  lamps 
instead  of  no  in  desk  lamps  in  offices 
and  drop  lights  over  machine  tools 
great  enough  to  be  given  serious  con- 
sideration when  volta.ge  for  lamps  is 
being  decided?  p.  j.  (ohio) 

(a)  This  is  a  question  that  can  only  be 
decided  definiteb*  by  comparing  actual 
figures  pertaining  to  a  particular  case. 
The  saving  in  cost  of  lamps  and  current 
for  no  volt  over  220  volt  lamps  should 
be  compared  with  the  difference  in  first 
cost  of  a  three-wire  generator  and  a 
two-wire  generator,  to  which  is  added 
the  difference  in  the  wiring  necessary; 
for  instance,  if  it  is  desired  to  use  the 
100  watt  vacuum  type  Mazda  lamp, 
which  is  extensively  installed  in  factory 
lighting,  it  is  made  to  operate  at  an 
efficiency  of  0.95  watts  per  candle-power 
for  no  volts  and  106  watts  per  candle- 
power  for  200  volts  or,  in  other  words, 
for  the  same  wattage  the  220  volt  lamp 
gives  ten  percent  less  light  than  the  no 
volt  lamp,  or  approximately  ten  percent 
more  220  volt  lamps  would  have  to  be  in- 
stalled to  give  the  same  amount  of  light. 
The  1 10  volt  class  of  incandescent  lamps 
have  several  general  advantages  over 
those  manufactured  to  operate  at  220 
volts.  First  of  all,  a  large  range  of 
sizes  is  marketed  in  the  no  volt  class; 
no  220  volt  Mazda  lamps  are  listed  in 
smaller  than  25  watt  sizes,  while  lamps 
of  10,  15  and  20  watt  sizes  are  standard 
in  no  volts.  The  filament  of  the  220 
volt  lamp  is  necessarily  longer  and  of  a 
smaller  diameter  than  that  of  a  corre- 
sponding wattage  in  no  volts,  and  is 
consequently  less  rugged.  Due  to  the 
higher  cost  of  manufacture  the  higher 
voltage  lamps  are  always  the  most  ex- 
pensive; for  instance,  the  100  watt,  no 
volt  Mazda  lamp  is  at  prestent  listed  at 
65  cents,  while  the  100  watt.  220  volt  is 
listed  at  80  cents,  (b)  Standard  incan- 
descent lamps  of  a  particular  type  are 
always  manufactured  to  operate  at  a 
higher  efficiency  in  the  no  volt  than  cor- 
responding sizes  in  the  220  volt  class. 
(c>  Due  to  the  greater  distance  between 
anchor  wires  and  the  smaller  diameter 
of  the  filament  slightly  more  breakage 
must  be  expected  when  220  volt  lamps 
are  used  than  when  no  volt  lamps  are 
used.  However,  there  is  no  great  risk 
due  to  breakage  and  this  is  not  an  im- 
portant factor,  especially  w^hen  lamps  of 
40  watts  or  larger  sizes  are  to  be  used. 

E.  J.D. 
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PERSONALS 

Mr.  Peter  Cooper  Hewitt  has  been 
appointed  to  represent  the  Inventors' 
Guild  on  the  U.  S.  Naval  Advisory 
Board,  and  was  elected  vice-chairman 
at  the  first  meeting  of  the  Board,  Octo- 
ber 7. 


Dr.  E.  Rosenberg,  chief  engineer  of 
the  British  Westinghouse  Company,  has 
resigned. 


Mr.  Lucien  Barnes,  of  the  Westing- 
house  Lamp  Company's  export  sales  de- 
partment, is  making  a  South  American 
trip  of  some  17  600  miles,  visiting  such 
cities  as  Rio  Janeiro,  San  Paulo,  Buenos 
Aires,  Montevideo,  V^alparaiso,  Lima, 
Panama,  San  Jose,  Costa  Rico,  Guate- 
mala City,  Bogato,  Caracas,  Kingston, 
Santiago  and  Havana. 


Mr.  George  A.  Blackmore  has  been 
appointed  general  manager  of  the  activi- 
ties of  the  New  York,  Montreal  and 
Atlanta  offices  of  the  Union  Switch  & 
Signal  Company,  with  headquarters  in 
the  Hudson  Terminal  Building,  New 
York  City. 


Mr.  John  C.  Parker,  mechanical  and 
electrical  engineer  of  the  Rochester 
(N.  Y.)  Railway  &  Light  Company,  has 
resigned,  to  become  professor  of  elec- 
trical engineering  at  the  University  of 
Michigan,  Ann  Arbor. 


Mr.  Miles  B.  Lambert,  assistant  man- 
ager of  the  railway  and  lighting  depart- 
ment of  the  Westinghouse  Electric  & 
Mfg.  Company,  was  elected  to  the  exec- 
utive committee  of  the  American  Elec- 
tric Railway  Manufacturers'  Association 
at  its  annual  meeting  in  San  Francisco 
on  October  6. 


Mr.  J.  W.  Schrantz,  of  the  Cincinnati 
district  office  of  the  Westinghouse  Elec- 
tric &  Mfg.  Company,  is  chairman  of  the 
Cincinnati  section  of  the  Electric  Ve- 
hicle Association  of  America. 


A.E.R.A.  OFFICERS 

At  the  annual  convention  of  the 
American  Electric  Railway  Association 
in  San  Francisco,  October  4-8,  the  fol- 
lowing officers  were  elected  for  the 
coming  year : — President,  Charles  L. 
Henry,  president  Indianapolis  &  Cincin- 
nati Traction  Company,  Indianapolis ; 
first  vice-president,  L.  S.  Storrs,  presi- 
dent Connecticut  Company,  New  Haven  ; 
second  vice-president,  T.  S.  Williams, 
president  Brooklyn  Rapid  Transit  Sys- 
tem ;  third  vice-president.  J.  J.  Stanley, 
president  Cleveland  Railway  Company, 
Cleveland,  Ohio ;  fourth  vice-president, 
J.  H.  Pardee,  president  Eastern  Penn- 
sylvania Railways  Company,  Pottsville. 

The  officers  elected  by  the  Engineering 
Association  were  : — President,  John  Lin- 
dall,  superintendent  rolling  stock  and 
shops,  Boston  Elevated  Railway  Com- 
pany ;  first  vice-president,  F.  R.  Phillips, 
superintendent  of  equipment,  Pittsburgh 
Railways  Company ;  second  vice-presi- 
dent, G.  W.  Palmer,  Jr.,  electrical  engi- 
neer, Bay  State  Street  Railway  Com- 
pany, Boston ;  third  vice-president,  W. 
G.  Gove,  superintendent  of  equipment, 
Brooklyn  Rapid  Transit  Company. 


MILWAUKEE  LAMP  FACTORY 

Due  to  the  general  betterment  in  busi- 
ness conditions  the  Westinghouse  Lamp 
Company  has  considered  it  advisable  to 
open  a  Milwaukee  plant  for  the  manu- 
facture of  incandescent  lamps.  Large 
display  advertisements  have  appeared  in 
all  the  Milwaukee  papers,  advertising 
for  500  girls,  the  employment  of  whom 
will  be  required  in  the  manufacture  of 
a  half  million  Westinghouse  Mazda 
lamps  per  month.  The  Milwaukee  works 
of  the  Westinghouse  Lamp  Company  is 
located  at  .3100  Center  street  and  is  com- 
posed of  five  large  buildings,  occupying 
about  five  acres  of  ground.  Mr.  Walter 
Cary,  vice-president  and  general  man- 
ager, and  Mr.  T.  G.  Whaling,  assistant 
general  manager  and  sales  manager,  of 
the  Westinghouse  Lamp  Company,  are 
both  natives  of  Milwaukee,  and  are  tak- 
ing an  active,  personal  interest  in  the 
plant.  Mr.  Frank  Wicks,  who  has  been 
superintendent  of  the  New  York  plant 
of  the  Westinghouse  Lamp  Company, 
will  now  assume  management  of  the 
Milwaukee  works.  An  interesting  fea- 
ture is  that  the  incandescent  lamp  indus- 
try is  a  new  industry  for  the  state  of 
Wisconsin. 


BOOKLET  ON  HOME  LIGHTING 

This  booklet  brings  forth  a  new  idea 
in  lamp  advertising  and  selling  which  is 
of  unusual  interest.  The  reading  mat- 
ter has  been  subordinated  to  illustra- 
tions and  there  is  just  enough  text  to 
explain  the  various  views.  The  infor- 
mation in  this  booklet  is  of  considerable 
value  to  every  home  owner,  central  sta- 
tion, dealer  and  architect.  All  of  the 
pictures  were  taken  especially  for  the 
book  and  each  one  illustrates  a  very 
definite  point  in  the  illumination  of 
homes.  Copies  may  be  had  without 
charge  on  application  to  the  Westing- 
house Lamp  Company.  1261  Broadwaj', 
New  York  Citv, 


AIR  BRAKE  COMPANY  OFFICERS 

At  the  annual  meeting  of  the  stock- 
holders of  the  Westinghouse  Air  Brake 
Company  on  October  21  the  following 
were  elected : — President,  H.  H.  West- 
inghouse ;  directors,  C.  S.  Gray,  E.  M. 
Herr,  A.  L.  Humphrey,  J.  R.  McGinley, 
Charles  McKnight,  John  F.  Miller,  M. 
S.  Rosenwald  and  W.  D.  UptegraiT. 


NEW  BOOKS 


The  Westinghouse  Lamp  Company 
has  removed  its  Philadelphia  offices 
from  the  North  American  Building  to 
the  new  Widener  Building. 


"Purchasing,  Its  Economic  Aspects  and 
Proper  Methods"— H.  P.  Twyford. 
232  pages,  112  illustrations.  Published 
by  D.  Van  Nostrand  Company,  New 
York  City.  Price  $3.00. 
Purchasing  has  been  one  of  the  last 
branches  of  business  to  receive  the  at- 
tention of  the  technical  writer.  Shrewd- 
ness has  been  regarded  as  the  most  im- 
portant characteristic  of  the  purchasing 
agent.  While  this  is  a  large  factor  in 
the  ability  to  buy  favorably,  there  are 
other  qualities  that  may  be  acquired 
through  systematic  study  of  surrounding 
conditions  of  the  markets  and  the  re- 
quirements of  business.  It  is  urged  that 
purchasing  agents  become  students  of 
human  nature,  as  has  been  so  strongly 
advocated  in  developing  the  art  of  sales- 
manship. To  supply  the  needs  of  a 
large  corporation,  the  purchasing  agent 
bears  a  serious  responsibility.  Materials, 
equipment  and  supplies  must  be  bought 
at  advantageous  terms  and  the  work,  of 
course,    must    not    be    delayed    due    to 


shortages  nor  warcroom  wastefully  over- 
stocked, and  confusion  must  be  avoided 
in  the  stores  department  and  in  account- 
ing. There  is  always  room  for  improve- 
ment and  unquestionably,  if  the  methods 
and  practices  given  by  Mr.  Twyford  are 
reviewed  thoughtfully,  opportunities  for 
improvements  will  he  discovered.      E.  D.  D. 


"Dielectric  Phenomena  in  High  Voltage 
Engineering" — F.  W.  Peek,  Jr.  265 
pages,  190  illustrations.  Published  by 
McGraw-Hill  Book  Company,  New 
York  City.  Price  $3.00. 
Tlie  author  aims  to  give  in  this  book 
the  properties  of  gases,  liquid  and  solid 
insulations  and  methods  of  utilizing 
these  properties  to  the  best  advantage  in 
the  problems  of  high  voltage  engineer- 
ing. The  solution  of  such  problems  re- 
quires a  knowledge  of  the  dielectric 
circuit  as  well  as  of  the  laws  and  mech- 
anism of  breakdown  of  dielectrics  as 
determined  by  experiment.  Methods  that 
have  proved  useful  in  designing  trans- 
mission lines,  insulators,  etc.,  are  dis- 
cussed and  illustrated.  In  addition,  such 
subjects  as  making  extensive  engineer- 
ing investigations,  the  measurement  of 
high  volta.ges,  the  efifects  of  impulses 
and  high  frequency  voltages,  various  di- 
electric phenomena,  etc.,  are  considered. 
The  subject  of  corona  and  corona  losses 
is  treated  at  length,  as  is  also  spark-over, 
or  the  disruption  of  dielectrics  from  one 
conductor  to  another.  A  great  deal  of 
experimental  data  based  on  the  author's 
experience  is  included. 


"Steam  Boiler  Economy" — William 
Kent.  Second  edition.  717  pages,  187 
illustrations.  Published  by  Jolni  Wiley 
&  Sons,  New  York  City.  Price  $4.50. 
It  is  fourteen  years  since  the  first  edi- 
tion of  this  book  was  issued  and  there 
have  been  enormous  improvements  in 
boiler  practice  in  the  meantime.  In  the 
present  edition  all  of  these  improve- 
ments are  discussed  at  length,  such  as 
larger  boilers  and  combustion  chambers, 
rapid  driving,  coal  and  ash-handling 
machinery,  mechanical  stokers,  super-  ■ 
heaters,  purchase  of  coal,  treatment  of 
feed  water,  better  construction,  boiler 
attacliments  and  boiler  room  appliances. 
New  tables  and  analyses  of  heating 
values  of  American  coals  are  given  ;  also 
bonus  and  premium  systems  of  wage 
payments. 


"Electric  Railways" — A.  M.  Buck.  390 
pages,  193  illustrations.  Published  by 
the  McGraw-Hill  Book  Company,  New 
York  City.  Price  $3.00. 
This  book  is  intended  as  a  college  text 
for  students  taking  advanced  railway 
courses,  based  on  the  author's  experi- 
ence at  the  University  of  Illinois.  The 
discussions  are  kept  closely  to  the  sub- 
ject, no  attempt  being  made  to  include 
power  plant  and  transmission  line  work 
or  car  house  design  and  equipment,  etc. 
Following  introductory  chapters  on  prin- 
ciples and  mechanics  of  traction,  de- 
scriptions are  given  of  motors,  control, 
power  requirements  and  energy  con- 
sumption, braking,  car  equipments,  loco- 
motives, self-propelled  cars,  electric  rail- 
way track,  sub-stations,  the  distributing 
and  transmission  circuit.  Chapters  are 
also  given  on  signals  for  electric  roads, 
and  on  the  engineering  preliminaries  for 
proper  location  of  electric  railways.  A 
inmiber  of  references  are  made  to  per- 
tinent articles  published  in  the  Journal 
covering  various  features  of  this  subject. 
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Have  You  Your  Volume  XI 

OF 

THE  ELECTRIC  JOURNAL? 

'T^HIS  is  the  biggest  volume  we  have  published  and  contains  an  im- 
mense  amount    of  valuable    information,  730  pages    of  intensely 
practical  data  prepared  by  expert  practicing  engineers.     Over  12,000 
volumes  have  already  been  sold. 

Here  are  some  of  the  subjects  in  the  volume  for  1914: 


The  Solution  of  the  Philadelphia  Transit  Problem — A. 
Merritt  Taylor,  Director,  Dept.  of  City  Transit, 
Philadelphia. 

Effect  of  Federal  Legislature  upon  Public  Utilities. — Guy 
E.  Tripp,  Chairman,  Westinghouse  Elec.  &  Mfg.  Co. 

Electrified  Hoosac  Tunnel — L.  C.  Winship,  Electrical 
Supt.,  Boston  &  Maine  Railroad. 

Neutralizing  Transformers  and  Telephone  Circuits. — 
Thomas  Shaw,  Engineering  Dcpt.,  American  Tel.  & 
Tel.  Co. 

Efficiency  of  Incandescent  Lamps. — \V.  H.  Rolinson, 
Commercial  Engineer,  Westinghouse  Lamp  Co. 

The  Beginnings  of  the  Alternating  Current  System. — 
Prof.  Chas.  F.  Scott,  Yale  University. 

Purchased  Power  for  Electric  Railway. — W.  C.  L.  Eglin, 
Vice  President,  Philadelphia  Electric  Co. 

Efficiency  of  Railway  Substations. — L.  P.  Crecelius,  Supt., 
of  Power,  Cleveland  Railway  Co. 

Niagara  Falls  Power  Company's  Plant. — L.  E.  Imlay, 
Supt.,  Niagara  Falls  Power  Company. 


Voltage  Regulation  of  the  West  Penn  System. — J.  S.  Jenks, 
Asst.  Manager,  West  Penn  Traction  &  Water  Co. 

Air    Brake    Development. — S.    W.    Dudley,    Asst.    Chief 
Engineer,  Westinghouse  Air  Brake  Co. 

Merchandise  Methods  for  the  Sale  of  AppHances. — E.  I. 
Jones,  Gen.  Sales  Agent,  Brooklyn  Edison  Co. 

Generator  Reactances  and  Circuit  Breaker  Performances. 
— J.  N.  Mahoney. 

The  Control  of  Induction  Motors.^W.  Sykes. 

The  Selection  of  Correct  Car  Eqmpment. — F.  E.  Wynne. 

Synchronous  Booster  Rotary  Converters. — A.  L.  Yardley. 

Constant  Voltage  Transmission  Lines. — H.  B.  Dwight. 

History  of  the  Induction  Motor. — R.  S.  Feicht. 

Standardization  in  Industrial  Illumination. — A.  J.  Aviston. 

Motor  Drive  in  Industrial  Field. — C.  W.  Drake. 

Ventilation    by    Small    Motor    Driven    Fans. — Bernard 
Lester. 

Types  and  Uses  of  Graphic  Meters. — Paul  MacGahan. 


All  of  these  articles  and  numerous  others  appear  in  Volume  XI. 
This  book  is  bound  in  handsome  red  half  morocco  leather  with  gold 
lettering  and  makes  an  acceptable  addition  to  any  library. 
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The  Paoli 


The  October  number  of  the  Journal 


contained  a  number  of  articles  on  the 

Electrification    „-,ain  features  of  the  Norfolk  &  West- 

of  the  ern  electrification.     The  present  issue 

_  ,        .       includes  a  description  of  an  electrifica- 

rennsylvania  ...  .     .        ,.„-         , 

tion    mvolvmg    an    entirely    ditterent 

type  of  service.  The  Philadelphia-Paoli  electrification 
of  the  Pennsylvania  Railroad  is  used  almost  exclusively 
for  high-speed  suburl^an  passenger  service  through  a 
level  and  po])ulous  section,  whereas  the  Norfolk  &  \\  est- 
ern  electric  installation  handles  heavy  freight  trains 
through  a  mountainous  and  tortuous  path,  including  a 
number  of  tunnels.  The  actual  mileage  of  track  electri- 
fied is  practically  the  same  in  both  cases,  and  the  ii  ooo 
volt  alternating-current  overhead  contact  system  is  used 
on  both,  but  that  is  about  as  far  as  the  similarity  ex- 
tends. The  Norfolk  &  Western  uses  heavy  locomotives, 
while  in  the  Paoli  service  motor  cars  are  utilized. 

The  prime  reason  for  making  the  change  at  Philadel- 
phia was  that  the  Broad  Street  terminal  had  become 
seriouslv  overcrowded.  This  station  is  of  the  stub-end 
type  :  that  is.  the  steam  engines  haul  the  trains  across  the 
Schuylkill  river  and  along  overhead  tracks  into  the  sta- 
tion, after  which  they  must  back  out  before  the  trains 
can  be  made  up  for  a  return  trip.  This  extra  switching, 
along  with  the  continual  growth  of  traffic,  finally  re- 
sulted in  such  congested  conditions  that  some  relief  was 
imperative.  As  the  station  is  located  in  the  heart  of 
Philadelphia,  directly  opposite  the  City  Hall,  physical 
extension  of  the  station  appeared  difficult,  if  not  impos- 
sible, and  in  any  event  would  be  extremely  costly.  After 
a  thorough  investigation  as  to  the  various  possible  ex- 
pedients, electrical  operation  was  decided  upon. 

The  system  of  electrification  selected,  in  addition  to 
its  use  for  suburban  service,  is  suitable  also  for  through 
service  with  electric  locomotives  in  the  future,  and  this 
feature  doubtless  was  considered  in  making  the  deci- 
sion. 

In  preparing  for  the  initial  electric  service  certain 
construction  work  had  to  be  done  which  can  also  be  util- 
ized by  the  other  lines.  The  work  on  the  initial  electri- 
fication was  thus  more  costly  than  the  subsequent  ones 
should  prove,  as  it  involved  the  complicated  construction 
leading  into  Broad  Street  Station,  which  can,  of  course, 
be  used  by  the  other  lines,  as  they  are  electrified.  The 
economics  of  the  whole  electrification  are  different  from 
previous  ones.  The  railroad  buys  the  power  from  the 
local  public  service  company,  and  is  thus  not  under  the 
necessity  of  tying  up  a  large  amount  of  capital  in  gener- 
ating and  transforming  equipment.  This  step  is  in  line 
with  the  ideas  of  some  of  the  most  far-seeing  electrical 


men,  one  of  whom  predicted  a  number  of  years  ago  that 
it  would  probably  not  be  many  years  until  the  entire  ter- 
ritory around  and  between  New  York  and  Philadelphia 
would  be  served  by  two  immense  power  centers,  and 
these  would  furnish  power  for  all  purposes.  The  Phila- 
delphia Electric  Company  already  had  a  diversified  load 
of  considerable  magnitude,  and  thus  was  in  a  better  po- 
sition to  furnish  power  economically  than  the  railroad 
company  would  have  been  if  they  had  built  a  special 
power  plant  for  their  own  use.  As  the  other  lines  are 
put  into  operation  electrically  the  load  should  become 
even  more  desirable  from  an  operating  standpoint. 

The  present  overhead  trolley  construction  represents 
a  decided  simplification  as  compared  with  some  of  the 
earlier  installations.  The  arrangement  adopted,  along 
with  others  being  considered,  was  tried  out  experi- 
mentally on  a  section  of  four-track  line  in  the  fall  of 
1913.  The  resultant  saving  in  the  cost  of  overhead 
work  must  be  very  great  as  compared,  for  instance,  with 
the  early  type  on  the  New  Haven  Railroad,  where  it  is 
stated  that,  with  present-day  methods  and  experience, 
it  would  be  possible  to  duplicate  the  overhead  lines 
for  approximately  sixty  percent  of  their  original  cost. 
In  the  terminal  division,  which  includes  the  first  five 
miles  from  Broad  Street  Station,  where  traffic  is  very 
dense,  the  work  was  especially  difficult  even  with  the 
use  of  the  adjustable  top  platform  cars.  .A.s  steam  ser- 
vice will  be  continued  for  an  indefinite  period  over  this 
division,  special  provision  was  made  for  preventing  the 
corrosion  of  hangers  and  other  parts. 

The  Pennsylvania  is  utilizing  for  motor  cars  the  reg- 
ular steel  coaches  which  have  been  standard  on  this  line 
for  a  number  of  years,  although  designed  with  electrical 
operation  in  view,  thus  obviating  any  heavy  expenditure 
for  special  cars.  Even  the  work  of  installing  the  elec- 
trical equipment  was  carried  on  in  their  own  shops. 

A  car  inspection  and  service  building  has  been  pro- 
vided which  will  serve  not  only  for  the  cars  now  being 
[ilaced  in  operation,  but  also  for  the  cars  on  the  other 
suburban  lines  to  be  electrified.  This  is  another  source 
of  present  expense  which  will  not  need  to  be  repeated 
for  the  other  suburban  lines. 

The  features  mentioned  and  others  of  similar  sig- 
nificance indicate  a  method  of  electrification  which  does 
not  involve  heavy  financial  investment  and,  at  least  in 
the  present  case,  it  is  self-evident  that  as  the  other  lines 
are  put  under  the  trolley  the  cost  per  mile  electrically 
operated  will  decrease,  and  the  service  will  improve  both 
from  the  operating  standpoint  and  from  that  of  the  trav- 
eling public,  which  will  enjoy  the  numerous  incidental 
advantages  that  are  made  possible  by  electric  service. 


Walter  Victor  Turner 


S.  W.  Dudley 

THE  recent  election  of  Mr.  Walter  V.  Turner,  assistant  manager  of  the  Westinghouse  Air  Brake  Company, 
as  a  member  of  the  British  Royal  Society  for  the  Encouragement  of  Arts,  Manufactures  and  Commerce,  is  a 
fitting  recognition  of  his  inventive  genius  and  engineering  accomplishments  in  a  field  of  world-wide  influence. 


LlKl',  llif  ureal  originator  of  the  air  brake,  Walter 
\'.  Turner  was  early  trained  in  the  handling  of 
machinery  and  mechanical  problems.  Born  of 
English  parents  and  educated  in  the  Textile  Technical 
Schools  of  Waketield,  Yorkshire,  England,  he  entered 
an  apprenticeship  in  the  textile  industry  and  in  time  was 
chosen  as  a  special  agent  of  a  group  of  manufacturers 
to  investigate  personally 
and  report  on  the  condi- 
tions affecting  the  produc- 
tion and  shipment  of  llie 
wool  being  purchased  from 
American  producers.  The 
experience  thus  acquired 
directed  his  attention  to- 
ward the  production  of  the 
raw  material,  and  in  1893 
he  became  secretary  and 
manager  of  the  Lake  Ranch 
Cattle  Company,  Raton. 
New  Mexico.  The  manifold 
peculiarities  of  New  Mex- 
ican weather,  Old  Mexican 
cowboys,  "greaser"  sheep 
herders  and  of  sheep  in 
herds  of  thousands  af- 
forded ample  incentive  for 
and  practice  in  the  physical 
and  mental  alertness,  vigor, 
endurance  and  decisiveness 
which  characterize  his  later 
activities.  As  a  typical  in- 
stance he  once  followed, 
with  grim  determination,  a 
flock  of  stray  sheep  for 
three  days  and  nights  with- 
out food  or  drink,  over 
prairie  and  through  gorges 
in    the    foothills,    until    the 

sheep  were  overtaken  and  returned  to  safety.  Then,  and 
not  until  then,  was  there  any  thought  of  his  own  per- 
sonal comfort. 

Leaving  this  secure  and  remunerative  position,  he 
became  part  owner  of  a  sheep  and  cattle  ranch,  against 
his  later  and  better  judgment,  rather  than  risk  disap- 
pointing a  friend  who  had  his  promise.  The  bright  pros- 
pects of  this  partnership  were  wiped  out  at  one  stroke 
by  the  Wilson  tariff  legislation  of  the  first  Cleveland 
administration.  Dead  broke,  with  a  family  to  support, 
he  was  forced  to  look  for  a  job.  For  some  time  the 
opportunities  in  railroad  service,  for  any  one  mechan- 


ically minded,  had  attracted  his  attention.  He  took  the 
first  job  that  offered  on  the  nearest  railroad,  that  of  car 
repairman  in  the  "back-shop"  of  the  Raton  shops  of  the 
Santa  Fe  System.    This  was  in  1897. 

In  a  few  weeks  his  energy,  determination  and  re- 
sourcefulness had  gained  him  the  position  of  foreman 
of  car  repairs  at  the  Raton  Shops.     Some  years  before, 

while  still  on  the  ranch,  he 
liad  picked  up  a  discarded 
triple  valve  from  the  debris 
of  a  railroad  wreck.  This 
device  had  already  aroused 
his  interest  in  and  purpose 
with  regard  to  means  for 
controlling  trains  and  their 
possible  service  to  civiliza- 
tion and  humanity,  which 
has  continuously  increased 
in  vigor  and  earnestness 
from  that  day  to  this.  The 
air  brake  became  his  par- 
ticular hobby.  It  offered  a 
held  peculiarly  attractive  to 
his  ingenuity  and  analytical 
faculties,  and  he  soon  be- 
came known  as  a  more  than 
ordinary  student  of  the  the- 
ory as  well  as  the  practical 
application  of  the  princi- 
ples of  air  brake  construc- 
tion and  operation.  His 
tirst  invention,  made  about 
this  time,  was  a  handy  tool 
for  removing  the  packing 
ring  and  cleaning  the  pack- 
ing ring  groove  of  the  air 
hose  coupling. 

When  the  Santa  Fe  Rail- 
road was  ready  to  put  its 


W.M.TKR  X'icToR  Turner 

air  brake  instruction  car  into  commission  in  190C  Mr. 
Turner,  although  only  three  years  off  the  ranch,  was 
recognized  as  the  best  qualified  man  on  the  railroad  to 
])ut  in  charge,  and  his  experience  while  on  this  car  and 
later  in  special  duties  for  the  mechanical  officials  of  the 
road,  gave  him  an  insight  into  practical  conditions  and 
requirements,  and  an  understanding  of  the  vagaries  and 
influence  of  human  factors  and  motives  which  were 
later  to  prove  of  great  advantage  in  the  working  out  of 
larger  problems. 

Meanwhile  his  ingenuity  and  dominant  creative  and 
motive  impulses   did   not   permit   him   to   rest   satisfied 
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with  mere  appreciation  and  exposition  of  conditions  as 
they  were.  He  had  to  provide  something  concrete.  Sev- 
eral of  his  patents,  showing  more  than  ordinary  insight 
and  skill,  attracted  the  attention  of  the  Westinghouse  Air 
Brake  Company,  and  as  a  result  he  finally  accepted 
the  opportunity  afforded  by  their  oft'er  to  develop  his 
ideas. 

In  common  with  many  other  air  brake  men,  Mr. 
Turner  had  been  impressed  with  the  increasingly  severe 
demands  being  imposed  upon  the  brake  by  the  introduc- 
tion of  powerful  locomotives,  long  trains  and  high 
speeds.  With  characteristic  thoroughness  he  had  an- 
alyzed these  conditions  into  their  essential  requirements, 
and  he  came  to  the  Westinghouse  Air  Brake  Company 
in  1903  with  several  ingenious  devices  already  worked 
out  and  with  a  clear  perception  of  the  basic  principles 
of  practical  air  brake  construction  and  operation. 

Having  a  rare  combination  of  mechanical  genius, 
intuitive  perception  of  the  essential  practical  Hmitations 
and  requirements  of  the  problems  before  him  and  untir- 
ing patience  and  persistence  in  a  course  once  entered 
upon,  he  was  particularly  well  equipped  to  lead  in  the 
engineering  development  whereby  the  broad  principles 
and  characteristic  operative  features  of  the  air  brake, 
fundamentally  established  by  George  Westinghouse, 
were  expanded  and  increased  to  provide  the  greater  flex- 
ibility, economy  and  safety  which  the  rapid  advancement 
in  motive  power  and  rolling  stock  design  had  made  im- 
perative, if  the  potential  of  these  improved  facilities  was 
to  be  fully  utilized. 

In  recognition  of  his  signal  accomplishments  in  the 
development  and  perfection  of  new  apparatus,  he  was 
appointed  mechanical  engineer  of  the  Westinghouse  Air 
Brake  Company  in  1905.  This  was  only  two  years  after 
entering  the  company's  employment  and  but  eight  years 
after  leaving  the  New  Mexico  sheep  ranch. 

In  the  field  of  electric  traction  up  to  about  1904  or 
1905  the  brake  requirements  had  been  met  by  the  adapta- 
tion of  devices  already  in  use  in  steam  railroad  service. 
But  high  speeds,  heavy  trains  and  the  necessity  for  eco- 
nomical and  safe  control  created  the  same  essential  re- 
quirements in  the  electric  as  in  the  steam  railroad  field, 
but  with  greater  complexity  of  service  requirements,  and 
less  hampered  by  existing  standards  and  interchange- 
ability  limitations.  Mr.  Turner  early  recognized  the  lim- 
itless possibilities  in  this  direction  and  led  in  the  develop- 
ment and  perfection,  in  rapid  succession,  of  several  im- 
proved systems  of  braking  devices  and  air  compressor 
control  for  electric  traction  service. 

Mr.  Turner's  contributions  to  the  air  brake  art  have 
by  no  means  been  confined  to  the  invention  of  a 
large  number  of  ingenious  pneumatic  devices.  Perhaps 
his  greatest  success  has  been  in  making  his  versa- 
tility, resourcefulness  and  determined  earnestness  ef- 
fective in  producing  results.  He  has  perceived  clearly 
the  practical  requirements  of  existing  conditions,  the 
trend  of  future  developments  and  the  latent  commer- 
cial possibilities  of  improved  facilities  in  braking  de- 
vices in  steam  railway  service,  and  more  especially  in 


the  more  diversified  and  specialized  classes  of  electric 
traction  service.  This  perception,  together  with  his 
forceful  enthusiasm  and  personal  magnetic  energy  in 
the  presentation  of  his  convictions,  has  enabled  him  to 
demonstrate  the  value  of  his  ideas  and  overcome,  in  an 
unusually  short  time,  the  obstacles  to  rapid  progress  in 
the  construction,  introduction  and  perfection  of  new 
devices. 

The  secret  of  his  success  lies  largely  in  his  profound 
conviction  of  the  potency  of  facts  and  principles,  when 
properly  presented,  to  carry  conviction  and  result  in  a 
logical  sequence  of  action.  Realizing  the  controlling  in- 
fluence of  the  personal  equation  in  most  decisions,  he  has 
made  a  particular  study  of  the  philosophy  and  psychol- 
ogy of  business  relations  and  principles,  thus  again 
giving  evidence  of  his  passion  for  discovering  and 
making  the  most  of  the  ultimate  and  basic  elements 
affecting  the  results  for  which  he  is  striving. 

He  has  been  foremost  in  the  development  and  suc- 
cessful application  of  improved  air  brake  apparatus  to 
meet  such  diversified  requirements  as  those  of  heavy 
high-capacity  steam  and  electric  locomotives,  long 
freight  trains,  high-capacity  freight  cars,  heavy  passen- 
ger cars,  high-speed  passenger  trains,  city  and  inter- 
urban  car  and  train  service,  subway  and  elevated  service 
and  electrified  zones  on  steam  railways. 

Conspicuous  examples  are  the  "ET"  equipment,  now 
generally  standard  for  steam  and  electric  locomotives ; 
the  quick  service  and  uniform  release  triple  valve, 
almost  universally  used  for  freight  service ;  the  "empty 
and  load"  brake  for  freight  cars,  in  use  for  several  years 
on  the  Santa  Fe,  Southern  Pacific,  Bingham  &  Garfield 
and  Virginian  Railways ;  the  improved  passenger  car 
brake  equipments  made  standard  on  many  of  the  leading 
roads  of  the  country ;  the  semi-automatic  and  combined 
automatic  and  straight  air  traction  brake  equipments  for 
city  and  interurban  service ;  and  the  more  highly  special- 
ized and  efficient  systems  of  pneumatic  and  electro-pneu- 
matic brakes  in  successful  operation  for  several  years  on 
the  lines  of  the  Boston  Elevated  System  and  the  Chicago 
Elevated  Railways ;  the  subways  in  Philadelphia  and 
New  York  ;  the  New  York,  New  Haven  &  Hartford  and 
Pennsylvania  Railroad  electrified  zones,  and  the  New 
York  Municipal  Railvv^ay.  The  equipment  developed  for 
the  cars  of  the  last  mentioned  railroad  represents  the 
highest  development  in  electro-pneumaiically  controlled 
brake  apparatus  arranged  to  regulate  the  retarding  force 
according  to  the  total  loaded  weight  of  the  car  at  the 
time  of  stopping,  including  all  of  the  features  making 
for  efficiency,  economy  and  safety  of  operation  that  ex- 
perience with  previous  developments  had  shown  to  l>e 
practicable. 

Mr.  Turner  has  constantly  contributed  to  Lhe  ad- 
vancement of  the  art  of  braking  along  scientific  and 
educational  lines  by  numerous  magazine  articles  and 
addresses  before  technical  and  engineering  clubs,  socie- 
ties and  colleges.  His  addresses  have  been  features  of 
the  annual  conventions  of  the  National  Air  Brake  Asso- 
ciation and  the  Traveling  Engineering  Association  for 
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several  years.     His  "Letter  to  Urban,"  published  in  the     Cresson  Aledal  (in  iyi2j  by  the  Franklin  nstitute  (the 
November,  1913,  number  of  the  Journal,  presents  his     latter  medal  being  the  highest  honor  in  the  gift  of  the  in- 


philosophy  of  life  and  is  typical  of  his  interest  in  young 
men  and  his  inspirational  appeal  to  their  energy,  enthu- 
siasm and  loyalty. 

In  1910  Mr.  Turner  was  appointed  chief  engineer  of 
the  Westinghouse  Air  Brake  Company,  and  in  1914  ad- 
vanced to  the  position  of  assistant  manager  in  charge  of 
engineering.  He  was  given  a  special  testimonial  by  the 
Air  Brake  .\ssociation  in  191 2  in  appreciation  of  his  ser- 
vices to  that  association  and  his  contributons  to  the  cause 
of  humanity  and  science.  He  was  awarded  the  Edward 
Longstreth   Medal  of   Merit    (in    igio)    and  the   I'^.lliot 


stitute)  "for  his  air  brake  inventions  and  developments." 
But  perhaps  more  highly  prized  than  all  these,  because 
it  was  the  first  and  is  most  intimately  connected  with  the 
motives  actuating  and  results  achieved  by  his  efiforts,  is 
a  testimonial  presented  by  the  Brotherhood  of  Locomo- 
tive Enginemen  of  the  \\'estern  Grand  Division  of  the 
Santa  Fe  Railroad  testifying  to  their  appreciation  of  his 
ready  aid  at  all  times  of  need  and  his  success  in  improv- 
ing the  air  brake  conditions  on  that  road,  whereby  "the 
old  fear  and  dread  to  tip  the  crest  of  our  mountains  has 
passed  away." 


The  Electrification  of  the  Pennsylvania 

Railroad 

FROM  BRO.M)  STREET  TERMINAL,   PHILADELPHIA,  TO  PAOLI 


BR(_)AD  Street  Station,  Philadelphia,  is  of  the  stub- 
end  type,  having  16  station  tracks  approached  by 
six  main  line  and  three  yard  tracks  on  an  elevated 
railroad  which  crosses  the  Schuylkill  river  from  West 
Philadelphia,  at  which  point  the  routes  divide  for  New 
York  toward  the  north.  Washington  toward  the  south 
and  Pittsliurgh  toward  the  west,  in  addition  to  through 
passenger  service,  suljurban  .service  is  carried  on  over 


the  electrification  of  the  suburban  Paoli  service  alone 
would  be  equivalent  to  increasing  the  station  capacity 
17  or  19  percent  of  the  Paoli  service,  and  for  the  station 
as  a  whole  would  be  equivalent  to  reducing  the  total 
number  of  trains  by  about  8  percent.  A  similar  increase 
in  capacity  would  result  from  the  electrification  of  other 
suburban  lines,  and  work  in  connection  with  one  of 
these,  the  Chestnut  Hill  service,  has  alreadv  commenced. 


FIC.    1 — ST.\.\n.\Kll    .\UM.TI1M.E-Uxn"  TR.MN 


six  different  routes.  The  limit  in  capacity  of  the  station 
has  been  reached  and  many  plans  have  been  formulated 
for  relief  by  physical  enlargement  of  the  station  and  its 
approaches  or  by  rerouting  movements.  .\\\  of  these 
plans  involve  extensive  reconstruction  and  would  re- 
quire nnich  time  for  their  accomplishment  so  that  some 
more  expeditious  method  of  obtaining  relief  was  desir- 
able.   Careful  estimates  indicated  that  during  rush  hours 


Relief  afforded  by  electrification  of  the  Paoli  and  Chest- 
nut Hill  h'nes,  it  is  estimated,  will  take  care  of  the  nor- 
mal growth  of  business  for  seven  or  eight  years. 

It  is  estimated  that  under  electric  operation  the  sav- 
ing in  operating  costs  will  j)ay  interest  on  the  investment 
which,  in  this  case,  includes  the  most  expensive  portion 
of  the  work,  in  lh.it  the  entire  Broad  Street  Terminal, 
with  elaborate  yard  and  restricted  property  lines  and  ap- 
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proaches,  form  a  part  of  the  construction  required  for  a 
relatively  small  amount  of  train  service.  This  is  not  an 
unfavorable  result  under  the  circumstances.  In  addi- 
tion, there  are  important  advantages  of  electrification, 
such  as  higher  speed  of  trains,  more  punctual  service, 
especially  in  bad  weather,  and  more  cleanly  and  attrac- 
tive conditions  for  the  traveling  public. 

ELECTRIC    SYSTEM 

In  arriving  at  a  conclusion  as  to  the  system,  primary 
importance  was  attached  to  the  feature  of  possible  long 
distance  operation  over  the  entire  divisions  affected 
rather  than  to  the  requirements  for  present  suburban 
service.  In  this  case  25  cycle,  1 1  000  volt,  single-phase 
power  is  supplied  from  an  overhead  trolley  system.  The 
present  installation  covers  the  suburban  passenger  ser- 
vice onlv,  involving  about  43  trains  each  way  per  day 
from  Philadelphia  to  Paoli.  From  Broad  Street  Station 
the  main  tracks  are  electrified  for  20  route  miles,  includ- 
ing also  a  coach  yard  at  West  rhiladclphia  and  a  coach 


FIG.  2 — M.\P  SHOWING  TERRITORY  COVERED  BY  THE  P.AOLI 
ELECTRIFICATION 

and  repair  yard  at  the  end  of  the  electrified  section  at 
Paoli,  a  total  of  about  93  miles  of  track. 

POWER    SUPPLY 

Power  is  purchased  from  the  Philadelphia  Electric 
Company  and  is  supplied  from  their  main  power  station, 
about  a  mile  south  of  West  Philadelphia  Station.  The 
power  is  delivered  to  the  railroad  company's  sub-station 
at  13200  volts.  Here  it  is  stepped  up  to  44000  volts 
and  is  transmitted  to  the  step-down  sub-stations. 

TRANSMISSION 

Power  at  23  cycles,  13  200  volts,  is  transmitted  from 
the  Philadelphia  Electric  Company's  power  house  on  the 
east  bank  of  the  Schuylkill  river  to  the  Arsenal  Bridge 
sub-station  on  the  west  bank  through  four  350  000  circ. 
mil.,  three-conductor  submarine  cables.  From  the  Arse- 
nal Bridge  sub-station  four  44  000  volt  single-phase  lines 
lead  to  the  West  Philadelphia  sub-station.  These  four 
single-phase  lines  will  tie  into  the  West  Philadelphia 
sub-station,  and  two  of  them  continue  on  to  the  Bryn 


-Mawr  and   Paoli    sub-stations   and   the   other   two    will 
later  go  to  the  Chestnut  Hill  sub-station. 

The  transmission  lines  are  carried  on  the  catenary 
supporting  structures  on  both  sides  of  the  tracks.  Horn 
gap  switches  for  sectionalizing  are  installed  on  the  roofs 
of  the  West  Philadelphia,  Bryn  Mawr  and  Paoli  sub- 
stations and  lightning  arresters  on  the  roofs  of  all  sub- 
stations. The  transmission  lines  are  No.  00,  seven-strand, 
hard-drawn  copper  wires,  and  are  protected  by  a 
■<s  inch  steel  ground  wire  on  the  top  of  the  poles.  Where 
the  transmission  lines  pass  under  highway  bridges,  the 
ground  wire  is  dead-ended  on  the  bridge  structure  and 
the  wires  carried  on  post  type  insulators. 

SUB-STATIONS 

Transformer  sub-stations  are  provided  for  stepping 
up  the  voltage  for  transmission  and  for  reducing  it  at 
suitable  points  along  the  railroad  to  that  required  at  the 
contact  conductors.  The  Arsenal  Bridge  step-up  sub- 
station is  located  on  the  west  bank  of  the  Schuylkill 
river  opposite  the  power  house  of  the  Philadelphia  Elec- 
tric Company.  The  \\'est  Philadelphia  sub-station  is 
located  in  the  West  Philadelphia  yard,  one  mile  from  the 
Arsenal  Bridge  sub-station.  The  Bryn  Mawr  sub- 
station is  located  at  Bryn  Mawr,  10.2  miles  from  the 
Arsenal  Bridge  sub-station.  The  Paoli  sub-station  is 
located  at  Paoli,  20.1  miles  from  the  Arsenal  Bridge  sub- 
station. 

The  sub-station  electrolytic  lightning  arrester  equip- 
ment and  high-tension  feeder  sectionalizing  switches  are 
located  on  the  roof ;  the  bus-bars  and  switching  equip- 
ment on  the  second  floor,  and  the  transformers  on  the 
ground  floor.  The  installed  capacity  of  the  sub-stations 
is  as  follows  : — 

Arsenal  Bridge  3 — 5000  k.v.;i.  step-up  transiormcrs 

West  Philadelphia  2 — .^ooo  k.v.a.  step-down  transformers 

Bryn  Mawr  2 — 2000  k.v.a.  step-down  transformers 

Paoli    2 — 2000  k.v.a.  step-down  transformers 

Space  is  provided  in  all  sub-stations  for  100  percent  increase 
in  capacitj'. 

The  transformers  in  all  sub-stations  are  of  the  25 
cycle,  single-phase,  oil-insulated,  water-cooled  type.  The 
transformers  are  equipped  with  thermostats  which  oper- 
ate an  alarm  bell  in  case  of  high  temperature  in  the 
transformers.  The  neutral  points  of  the  high-tension 
windings  of  the  step-up  transformers  are  grounded 
through  grid  resistances,  thus  limiting  the  potential  to 
ground,  from  either  side  of  the  44  000  volt  transmission 
lines,  to  22  000  volts.  All  44  000  volt  circuits  are  con- 
nected to  the  busses  in  the  various  sub-stations  through 
oil  circuit  breakers. 

Open  bus-l)ars  mounted  on  insulators  carried  liy  pil)e 
framework  are  used  throughout.  In  general,  all  power 
wiring  is  bare  and  copper  tubing  or  solid  wire  is  used. 
Sufificient  clearance  has  been  provided  so  that  no  barriers 
are  required  between  busses  or  wires  except  in  the  case 
of  the  incoming  cables  from  the  Philadelphia  Electric 
Company  in  the  -Arsenal  Bridge  sub-station. 

E.xcept  in  the  \\'est  Philadeljihia  sub-station,  where 
the  power  director  or  system  operator  is  located,  there 
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are  no  attendants.  A  switchboard,  with  the  necessary 
instruments,  controllers  and  indicating  lamps,  is  pro- 
vided in  signal  towers  near  the  Arsenal  Bridge,  Bryn 
Mawr  and  Paoli  sub-stations.  This  board  is  connected 
with  the  board  in  tlie  sub-station  through  a  control  cable, 
and  the  opening  and  closing  of  circuit  breakers  is  done 
by  the  tower  man.  Telephones  are  provided  in  all  sub- 
stations and  the  signal  towers  controlling  them  so  that 
the  power  director  is  in  constant  touch  with  all  sub- 
stations and  tower  men.  An  alarm  bell  connectetl  to  the 
thermostats  on  the  transformers  is  located  in  each  signal 
tower. 

CATENARY    SYSTEM 

The  tubular  cross-catenary  bridge  type  of  overhead 
construction  is  used.  On  either  side  of  the  tracks  a 
tubular  steel  pole  is  set  and  grouted  into  a  concrete  foun- 
dation. Each  pole  has  a  douljlc  guy  anchoring  the  pole 
away  from  the  tracks,  and  spanning  the  tracks  between 
the  poles  are  the  two  cross  wires  forming  the  cross- 
catenary  bridge   which   carries   the  longitudinal   wires. 


BOOSTER   TRANSFORMERS 

In  order  to  minimize  the  inductive  effect  of  the  trac- 
tion currents  on  adjacent  telephone  and  telegraph  wires, 
sjjecial  series  transformers  are  located  about  a  mile 
apart.  These  transformers  are  mounted  on  the  signal 
bridges,  and  the  current  in  each  of  the  trolleys  is  con- 
strained to  ])ass  through  a  primary  coil  of  the  trans- 
former, thus  inducing  an  equal  current  in  the  secondary 
coil,  the  ratio  of  the  transformers  being  approximately 
uniiv.  The  secondary  coils  of  these  transformers  are 
connected  across  insulated  joints  in  the  track  and,  con- 
sc([ucntly,  as  all  trolley  current  must  flow  through  the 
primary  coil  the  secondary  coil  insures  that  all  the  re- 
turning traction  current,  at  this  particular  point  of  the 
circuit  at  least,  must  flow  through  the  rails.  In  this 
manner  the  traction  current  is  prevented  from  taking 
eartii  returns  in  ]iarallel  with  the  track  or,  if  there  is  a 
temlcncy  between  these  booster  transformers  for  the 
traction  current  to  seek  an  earth  return,  this  tendency 
is  corrected  at  the  next  booster  transformer,  which  picks 


FIGS.   3   aiul   4 — VVKST    I'HIl.ADKI.P 

Showing  method  of  bringing  nut  high-tension  leads 

Each  catenary  .structure  or  bridge  is  grounded  or 
earthed  by  means  of  a  copper  plate  buried  in  coke.  The 
cross-wire  bridges  are  located  about  300  feet  apart  on 
tangents,  and  closer  on  curves.  Every  mile  or  two  the 
overhead  construction  is  dead-ended  to  heavy  structural 
signal  bridges. 

The  catenary  system  over  each  of  the  four  main 
tracks  is  separated  electrically  from  those  over  the  other 
tracks,  and  trolley  sectionalizing  points  with  switches 
are  ])rovided  at  all  crossovers  so  that  sections  of  the 
line  may  be  temporarily  cut  out  of  service  for  repairs. 
On  the  main  running  tracks  sectionalizing  is  of  the  "air- 
break"  type.  At  crossovers  and  in  yards,  the  trolley 
wires  are  sectionalized  by  means  of  wood  stick  insu- 
lators, having  runners  or  glider«  on  each  side  so  ar- 
ranged that,  while  the  pantagraph  always  makes  contact 
with  at  least  one  of  the  runners,  they  are  separated  elec- 
•  tricallv. 


Hl.\   .\NI)   P.\0I.I    SUBST.\TIOXS 

from  the  sub-station  and  equipment  on  the  roof. 

up  all  the  traction  current  and  again  starts  it  through 
the  rail. 

CAR    KQUII'MENT 

The  rolling  slock,  consists  of  93  standard  all-steel 
cars,  82  of  which  are  passenger,  nine  are  combined  pas- 
senger and  baggage,  while  two  combined  baggage  and 
mail  cars.  .\11  cars  are  motor  cars,  no  trailers  being 
operated  in  this  service. 

The  ecjuipment  on  each  car  consists  of  two  225  hp 
Westinghouse  single-phase,  doubly  fed  motors,  mounted 
on  one  truck,  with  automatic  acceleration,  battery  con- 
trol equipment  and  automatic  multiple-unit  electric  air 
brake  equipment.  All  of  the  main  pieces  of  the  elec- 
trical apparatus  are  mounted  on  one  end  of  the  car, 
while  the  air  brake  equipment  is  mounted  at  the  other 
end.  This  gives  an  uneven  weight  distribution  on  the 
two  trucks,  with  approximately  60  percent  of  the  car 
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weight  on  the  driving  wheels.  Each  car  is  equipped 
complete  with  one  ii  ooo  volt  pantagraph  trolley,  one 
oil  circuit  breaker,  one  main  transformer,  one  switch 
group  witii  reverser  and  a  limit  switch,  one  grid  re- 
sistor, two  master  controllers,  one  motor-generator  set 
for  supplying  control  energy,  one  control  battery,  three 


FIG.   5 — SUB-ST.\TION    ROOI-' 

Showing   Westinghouse  lightning   arresters,   Burke   sectionaliz- 
ing  switches  and  special  outlet  terminal. 

control  junction  boxes,  4  nine-point  train  line  recep- 
tacles, I  nine-point  train  line  jumper,  one  valve 
magnet  set  for  operating  the  trolley  and  "dead  man's" 
feature,  one  line  relay,  one  control  cutout  switch,  one 
combined  blower  and  compressor  motor  with  a  Sirocco 
fan,  and  one  set  of  details,  including  a  control  reser- 
voir, control  air  details,  battery  switches,  etc. 

Current  collected  by  the  pantagraph  trolley  is  con- 
ducted to  the  transformer  through  an  oil  circuit  breaker. 
Various  voltage  taps  are  arranged  on  the  secondary  of 
the  transformer  and  connections  are  made  to  these  taps 
in  the  proper  sequence  by  means  of  unit  switches. 


l-IG.  O — TVPIC.\L  C.ATEN.\RY   CuNSTKUCTIU.N 

The  motors,  which  are  connected  in  series,  are 
started  and  operated  up  to  approximately  15  miles  per 
hour  as  repulsion  motors,  with  the  auxiliary  or  com- 
pensating field,  the  armature  and  the  main  field  in  series. 
With  these  series  connections,  the  armature  is  short- 
circuited  through  resistance.  Resistance  is  also  inserted 
in  series  with  the  motors  on  the  first  step  and  is  cut  out 


at  the  second  step.  The  third  step  changes  the  connec- 
tions to  energize  the  auxiliary  field  from  one  portion  of 
the  transformer  and  the  armature  and  main  field,  con- 
nected in  series,  from  another  portion  of  the  trans- 
former, thus  giving  doubly-fed  connections.  The  arm- 
ature short-circuit  is  removed  when  operating  as  doubly- 
fed  motors.  Subsequent  steps  are  obtained  by  increas- 
ing voltages  applied  to  the  motors.  The  master  controller 
drum  is  energized  from  the  motor-generator  set,  in 
]iarallel  with  the  battery.  Moving  the  controller  handle 
to  the  right  or  to  the  left  energizes  the  proper  control 
cnxuit  for  forward  or  for  reverse  movement  of  the 
train.  The  closing  of  the  unit  switches  is  governed  by 
a  current  limit  switch.     This  limit  has  two  settings,  one 


FIG.   7 — TCBUI.AR   POLE  CATENARY   CONSTRUCTIO.X 

Showing  arrangement  of  transmission  lines, 
lor  repulsion  connections  of  the  main  motor  and  the 
other  for  doubly-fed  connection.  The  change  in  the 
limit  setting  is  ol)tained  by  energizing  a  battery  coil  on 
the  limit  switch.  All  of  Ihc  switches  are  interlocked 
through  the  No.  9  switch,  b'ig.  10,  so  that  no  switches 
can  close  until  the  No.  y  switch  is  closed.  A  small  knife- 
switch  is  placed  in  the  control  circuit  of  the  No.  9  switch, 
and  opening  this  switch  cuts  oft  the  sujjply  of  current  to 
the  main  motors.  Ten  control  wires  ])etween  cars  are 
necessarv  to  operate  cars  in  trains,  with  one  of  these 
wires  performing  the  dual  function  of  the  third  operat- 
ing wire,  and  the  "trolley  unlock"  wire.  All  of  the 
II  otors  are  equipped  with  Morganite  "Link"  brushes 
furnished  by  the  Morgan  Crucible  Company,  Ltd.,  of 
New  York  City.  These  l)rushes  were  selected  after  ex- 
haustive tests. 

TJic    motor   armaliirrs   arc   wave-wound,   cross-con- 
nected  and   no   resistance   leads   are   used   between   the 
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windings  and  the  commutator.  The  field  windings  con- 
sist of  two  entirely  independent  sets  of  coils — one  the 
main  field  circuit  for  producing  the  effective  magnetic 
field,  and  the  other  an  auxiliary  or  compensating  wind- 
ing which  balances  the  armature  reaction  on  the  field 
and,  in  addition,  has  a  neutralizing  effect  on  the  sparking 
voltage.    The  fn-ld  consists  of  six  poles,  the  coils  being 


FIGS.  8  and  y — .•\km.\tukic  .^nd  rotor  of  wf.stinc.house 

nOUm.Y-KKI)    MOTORS 

of  copper  bars  suitalily  insulated,  connected  at  the  ends 
by  straps. 

The  pantagrapli  is  of  especially  light  construction. 
The  springs  which  raise  it  are  designed  to  give  flexibility 
to  the  framework,  so  that  in  oi)eration  a  slight  dragging 
of  the  trolley  takes  place,  resulting  in  its  following  the 
wire  much  closer  than  with  a  rigid  framework.  In  addi- 
tion, the  shoe  is  spring  niuunU'd  nii  the  framework.  The 
trolley  is  provided  with  four  insulators  suilal)le  for 
1 1  ooo  volt  service,  and  the  whole  mechanism  is  mounted 
on  a  base  provided  with  insulators  similar  to  those  of  the 
trolley,  thus  providing  double  insulation.  The  trolley  is 
lowered  and  unlocked  l)y  air  at  JO  pounds  pressure.  .A. 
sinail  hand  putup  is  provided  for  unlocking  llie  trolley 
when  no  air  jjressure  is  available. 

The  line  szvitch  is  air-operated  and  is  closed  b\-  ener- 
gizing a  control  circuit  from  the  master  controller  plug. 
A  handle  is  provided  for  manually  closing  the  switch 
when  compressed  air  is  not  available.  Overload  pro- 
tection is  ])roviiled  by  a  series  coil  iiUo  which  a  plunger 
is  pulled,  this  i)lunger  carrying  a  disc  contact  which  is 
connected  in  series  with  the  operating  valve  luagnct. 
When  tripped  the  ])lunger  is  latched  and  must  be  reset 
by  energizing  the  reset  coil  from  the  master  controller. 

Tlie  transformer  is  of  the  two-circuit,  air-blast  type 
and  is  suspended  from  the  center  sill  of  the  car  close  to 
the  motor  truck.  \'entilating  air  is  taken  in  at  the  low- 
tension  end  and  is  discharged  at  the  high-tension  end 
through  especia'ly  constructed  hoods  which  cover  the 


air  outlets  to  prevent  the  entrance  of  rain  and  wheel 
wash.  The  coils  are  mounted  vertically  and  are  bakel- 
ized,  thus  giving  an  insulation  which  will  withstand 
liis,di  temperatures  without  damage. 

Nine  elcctro-pncumatically  operated  switches  of 
standard  construction  are  mounted  in  one  group.  The 
right-hand  end  plate  of  this  group  is  provided  with 
covers  aufl  forms  the  base  for  the  reverser.  The  current 
limit  and  the  control  terminal  board  are  also  mounteil  on 
this  end  plate,  at  the  right-hand  side  of  the  reverser.  The 
reverser  drum  is  built  of  bakelized  micarta  tubing,  on 
which  are  mounted  the  coiUact  jjlates,  and  is  electro- 
]incuiiiaticallv  o])erate<l.  The  limit  swdtch  is  of  novel 
construction.  The  current  coil,  w  hich  is  connected  in  the 
auxiliary  field  circuit  of  the  motor,  surrounds  a  iilunger 
which  carries  the  control  contact  disc.  The  two  settings 
of  the  limit  switch  are  obtained  by  changing  the  weight 
of  this  plunger.  This  is  done  by  lifting  a  weight  from 
the  plunger  by  means  oi  a  battery  coil  mounted  above 
the  current  coil. 

The  master  controllers  are  of  the  single  handle  tyi«. 
Two  plug  receptacles  are  embodied  in  this  controller 
;ind  a  single  plug  is  attached  to  the  handle  by  a  chain. 
Placing  the  plug  in  the  "cutout"  receptacle  completes  the 
circuit,  energizing  the  line  switch  valve  magnet,  and  also 
connects  the  controller  drum  to  the  battery  positive  wire. 
Placing  the  plug  in  the  "reset"  recejjtacle  connects  the 
reset  wire  to  the  battery  positive  train  line  wire.  Nine 
controller  positions  are  provided ;  an  emergency  or 
"dead  man's"  position  in  the  ceiUer.  and  an  "off,"  firsr, 
second  and  third  running  positions,  for  both  forward 
.ind  reverse  movements.  The  coiUroller  drum  is  spring 
returned  and,  if  released,  will  return  to  the  middle  or 
emergency  position.  In  this  position  the  control  is  cut 
off  and  a  valve  magnet  is  energized  which  releases  air 
from  and  operates  a  brake  pipe  relay,  thus  applying  the 
emergency  brake.  This  emergency  circuit  is  local  for 
each  car.  Each  coiUroller  also  has  two  ]nish  Initlon 
.'■■witchi's   for  unlocking  or  lowering  the  trollev.      I'"ach 
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FIG.    10 — SCHE.M.\TIC   I)I.\C,R.\M    OF  CONNECTIONS   OF   THE 
DOUnUY-FED   MOTOR 

controller  is  mounted  at  the  right-hand  side  of  the  vesti- 
bule, together  with  the  motorman's  brake  valve,  the 
signal  whistle  and  magnet,  and  the  cab-heating  equip- 
ment. 

Control  energv  is  obtained   from  a  motor-generator 
operating  in  parallel  with  a  battery.     The  motor  is  of 
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the  single-phase  induction  type,  with  a  starting  winding 
that  is  cutout  of  circuit  when  the  motor  has  attained 
speed. 

Ten  control  wires,  including  the  battery  plugs  and 
ground  wires,  are  required  between  cars  for  control 
operation.  Nine  of  these  are  carried  between  the  cars 
through  a  nine-point  receptacle  and  jumper,  and  the 
tenth  is  carried  on  the  seven-point  train  line  required 
for  the  electric  brake  circuits  described  later.  The  2 
nine-ponit  control  receptacles  are  mounted  on  each  end 
of  the  car,  one  on  each  side  of  the  coupler,  and  are  con- 
nected in  multiple.  A  line  or  voltage  relay  is  provided 
for  switching  the  direct-current  control  generator  from 
batter}',  and  also  to  operate  two  small  emergency  lights, 
and  headlights  in  case  the  traction  power  should  fail. 
This  relay,  together  with  the  lighting  fuses,  control  gov- 
ernor anil  heater  switches  and  compressor  motor  switch, 
is  mounted  on  ;i  panel  placed  in  the  vcstiljule  cabinet  at 
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the  motor  end  of  the  car.  This  switchboard  is  of  slate 
and  all  apparatus  mounted  on  it  is  front-connected,  thus 
facilitating  inspection. 

The  fan  for  ventilating  the  transformer  and  motor 
is  a  21  inch  single  inlet  Sirocco  wheel,  and  is  mounted 
on  the  shaft  of  the  motor  which  drives  the  compressor. 
The  motor  drives  the  fan  continuously,  and  the  pinion 
driving  the  compressor  is  connected  to  the  motor  by  a 
disc  clutch.  This  clutch  is  normally  held  closed  by  a 
spring,  and  the  governor  operates  a  magnet  valve  which 
opens  the  clutch  by  air  pressure.  The  motor  is  of  the 
doul)ly-fed  type  and  0])erates  at  approximately  i)8o 
r.p.m.  at  normal  voltage  with  the  combined  loads  of  the 
fan  and  compressor. 

The  air  brake  cqiiipuient  of  e;ich  car  consists  of  two 
main  reservoirs  with  radiating  j  ipes.  one  safety  valve 
on  the  main  reservoirs,  one  compressor  governor,  two 


motorman's  brake  valves,  with  feed  valves  and  reduction 
limiting  valves,  two  combined  equalizing  and  reduction 
limiting  reservoirs,  one  emergency  or  quick  recharge 
reservoir,  one  auxiliary  and  one  service  reservoir,  one 
universal  valve,  one  main  reservoir  bypass  and  limiting 
valve,  one  double  check  valve,  one  brake  cylinder,  one 
automatic  slack  adjuster,  two  duplex  air  gauges,  4 
seven-point  train  line  receptacles,  i  seven-point  train  line 
jumper,  one  brake  pipe,  one  main  reservoir  pipe,  and 
one  set  of  accessories,  which  includes  cutout  cocks,  air 
strainers,  hose,  dirt  collectors,  switches,  etc.  This  equip- 
ment is  designed  so  that  it  may  be  used  either  in  steam 
or  electric  service,  and  differs  from  the  ordinary  pneu- 
matic brake  in  that  the  brake  pipe  reduction  is  made  on 
each  car  by  means  of  electric  control  instead  of  being 
made  entirely  with  the  engineer's  brake  valve.  The  addi- 
tion of  electric  control  to  the  penumatic  brake  does  not 
change  its  function  in  any  way,  but  shortens  the  time 
required  to  get  the  brakes  applied  on  all  cars. 

The  nKjtornian's  brake  valve  contains  both  electric 
contacts  and  pneumatic  parts,  the  electric  portions  being 
moimted  above  the  pneumatic  portions.  There  are  six 
positions;  (i)  the  release  and  running,  (2)  the  electric 
holding,  (3)  the  handle  oft",  (4)  lap,  (5)  service,  and 
( 6 )  emergency.  The  first  position  is  to  the  left,  and  in 
this  position  all  train  brakes  are  released  and  the  system 
charged.  The  "electric  holding"  position,  as  the  name 
implies,  holds  the  train  brakes  through  the  electric  con- 
trol system,  but  recharges  the  system.  Pneumatically, 
this  position  is  identical  with  the  release  and  running 
]josition.  All  ports  are  closed  in  the  "handle  oft'"  posi- 
tion, and  the  handle  may  be  removed  ;  in  the  "lap"  posi- 
tion, the  ports  are  also  closed. 

The  main  reservoir  pressure  is  lOO  pounds  and  the 
l)rake  pipe  pressure  is  70  pounds. 

Eight  wires,  including  the  battery  plugs  and  ground 
wires,  are  required  for  the  electric  control  of  the 
brakes,  for  governor  synchronizing  and  for  train  sig- 
naling. Since  the  two  battery  wires  are  common  to  the 
brake  control  and  the  unit  switch  control,  a  seven-point 
receptacle  and  jumper  is  used  to  carry  the  brake  control 
wires.  1^-ains  of  from  two  to  seven  cars  are  operated 
in  regular  service,  the  average  acceleration  on  a  straight 
level  track  being  approximately  one  mile  per  hr.  per  sec. 
up  to  30  miles  per  hr.,  with  a  balancing  speed  of  60 
miles  per  hr. 

The  design  and  construction  of  the  electric  installa- 
tion was  carried  out  by  Gibbs  &  Hill,  consulting  elec- 
trical engineers  for  the  company,  in  co-operation  with 
the  engineering  department  and  the  officials  of  the  road. 
.\11  construction  except  that  of  sub-station  buildings  and 
insjjection  building,  which  were  covered  by  outside  con- 
tracts, was  carried  out  by  a  specially  organized  force. 
The  mounting  of  the  multi]jle-unit  equipment  on  the 
cars  was  carried  out  at  the  Altoona  shops  under  the 
direction  of  the  motive  power  department.  The  signal 
equipment  and  changes  in  telegraph  and  telephone  lines 
were  designed  and  installed  imder  the  direction  of  the 
signal  and  telegraph  dejiartments,  respectively. 


Results  of  Six  Years  Heavy  Haulage 

SINGLE-PHASE  ELECTRIC  TRACTION,  GRAND  TRUNK   RAILWAY  SYSTEM 

Walter  D.  Hall 
Superintendent,  St.  Clair  Tunnel 


THE  St.  Clair  Tunnel  is  a  single-track  tube  6032 
feet  in  length,  under  the  St.  Clair  river,  with 
ajiproatihes  totaling  5603  feet.  Between  the  years 
1890  and  lyoS  traftic  through  this  tunnel  was  handled 
by  steam  locomotives  capable  of  hauling  trains  of  ap- 
proximately 750  tons  at  slow  speed.  In  May,  1908, 
single-phase  electric  locomotives  were  placed  in  opera- 


The  engineers  and  lircmen  who  operated  the  steam  loco- 
motives were  given  instruction  books  relating  to  the 
electric  etiuipment,  and  short  lectures  were  delivered  to 
these  men  from  time  to  time  before  they  were  placed  on 
the  electric  locomotives ;  following  this  the  electric  loco- 
motives were  placed  in  service  for  a  few  hours  each  day 
covering  a  period  of  two  or  three  weeks  before  going 


tion ;  these  have  been  in  constant  service  since  that  time,  into  full  24  hour  service  May  17,  1908.    The  engineers 

Two  units  coupled  haul  trains  of  1000  tons  up  the  two  who  first  assumed  control  of  these  locomotives  are  still 

percent  grades  at  a  speed  of  ten  miles  per  hour.  operating  them  and  with  two  exceptions  the  same  fire- 

Lmdcr  conditions  of  steam  operation,  the  tunnel  had  men,  now  called  assistants,  are  with  them.     When  two 
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about  reached  its  ca])acity  and  coal  gases  emitted  by  units  operate  together  as  one  locomotive  they  are  under 
steam  locomotives  were  troublesome.  Electric  operation  the  direction  of  an  engineer  and  an  assistant:  all  assist- 
has  made  it  possible  to  handle  fully  one-third  more  ton-     ;,„ts  are  qualified  to  relieve  or  to  fill  the  place  of  an 


nage  and  at  the  same  time  has  entirely  eliminated  danger 
from  gas. 

Four  steam  locomotives,  weighing  about  lOO  tons 
each,  were  used ;  six  3300  volt  electric  units,  weighing 
about  66  tons  each,  are  now  employed.* 

LOCOMOTIVK   oriCRATORS   AND   ASSISTANTS 

The  change  from  steam  to  electric  operation  was  ac- 
complished   without   difficul;\.   delay   or   inconvenience. 


*For  a  detailed  description  ..f  tliis  installation  see  articles 
by  Mr.  H.  I,.  Kirkcr  on  "The  St  Clair  Tunnel  Electrification" 
and  by  Mr.  L.  M.  Aspinwall  and  .Mr.  G.  Bright  on  "The  St. 
Clair  Tunnel  Locomotives"  in  the  Journal  for  October,  1908. 
pp.  554  and  567. 


mgineer  when  occasion  demands.  The  continuance  in 
the  service  and  the  results  these  men  have  obtained  can 
safely  be  taken  as  an  indication  of  the  satisfactory  sur- 
roundings pertaining  to  electric  operation. 

During  the  years  covered  by  electric  operation  not  a 
passenger  or  a  member  of  a  train  or  yard  crew  has  been 
injured  by  electric  shock,  but  two  casualties  have  oc- 
curred to  workmen  in  the  electric  bay.  Means  have  now 
been  employed,  however,  so  that  it  is  not  necessary  to 
energize  the  trolley  lines  in  the  bay  except  to  move  loco- 
motives out  into  the  yard,  and  as  soon  as  this  is  done  the 
line  in  the  liav  becomes  dead  again. 
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OPERATING    RESULTS 

Cost  of  Maintenance — The  average  cost  per  year  for 
maintenance  of  the  four  steam  locomotives  was  $21  173, 
while  the  average  cost  for  the  six  electric  locomotives 
is  $11  131.  The  average  cost  per  car  handled  through 
the  tunnel,  a  distance  of  approximately  five  miles,  by 
steam  locomotives  was  26.64  cents,  the  average  cost  by 
electric  locomotive  is  17.22  cents,  although  the  capacity 
of  cars  handled  today  is  much  greater  than  the  capacity 
of  those  of  1907  and  1908. 

AVERAGE  TIME  AVAILABLE  FOR  SERVICE 

One  of  the  interesting  and  important  features  in  con- 
nection with  the  operation  of  the  electric  locomotives  is 
that  thev  are  available  for  service  about  90  percent  of 
the  time.  Even  when  in  the  shop  undergoing  regular 
inspection  they  can  be  gotten  ready  for  service  in  a 
very  short  time  and,  by  keeping  a  few  spare  parts  on 
hand,  the  worn  parts  may  be  removed  for  repairs  and 
the  spare  parts  installed  without  keeping  the  locomotive 
out  of  service  for  any  considerable  time. 

MILEAGE 

The  total  yearly  mileage  for  the  six  units  averages 
208  810  locomotive-miles,  or  34  800  miles  per  locomotive 


service.     Tires  which  formerly  made  only   12000  now 
reach  83  000  miles  between  turnings. 

\\'hen  this  lubricator  is  used  on  electric  locomotives 
or  cars  where  electric  current  is  available,  the  pressing 
of  an  electric  button  will  close  a  circuit  through  an  elec- 
tric magnet  or  magnets,  causing  valves  to  open  which 
admit  air  pressure  to  the  surface  of  the  oil  in  the  oil 
reservoir  and  also  to  the  discharge  pipe  leading  from  the 
reservoir  to  the  nozzles ;  when  proper  adjustment  has 
been  made  oil  is  sprayed  onto  the  wheel  flanges  almost 
immediately  upon  the  admission  of  air  pressure.  The 
action  of  the  combination  of  oil  and  air  is  not  only  to 
lubricate  the  flanges,  but  to  clean  them  from  grit  as  well, 
the  spray  forcing  dirt  and  grit  to  the  outer  edge  of  the 
flange,  thus  avoiding  unnecessary  wear  and  friction  and 
at  the  same  time  thoroughly  lubricating  the  flanges 
whenever  it  is  advisable  to  do  so.  When  used  on  any 
car  where  electric  current  is  available,  by  pressing  only 
one  button  in  any  locomotive  or  car,  where  a  number 
are  coupled  together,  the  flanges  of  the  wheels  of  all  so 
coupled  will  be  lubricated.  For  steam  locomotives,  or 
where  electric  current  is  not  available,  the  action  of  the 
lubricator  is  the  same,  except  that  a  small  air  valve, 
preferably  of  the  push-lnitton  type,  instead  of  the  elec- 
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unit.  l{\ery  round  trij)  made  between  the  tunnel  ter- 
minals includes  a  climb  up  two  percent  grades  averag- 
ing 5049  feet  in  length. 

Main  Motors — No  failures  of  main  motor  fields  have 
occurred  ;  the  armatures  windings  have  required  repairs 
from  time  to  time.  The  commutators  make  from  60  000 
to  99  480  miles  between  time  for  turning  and  slotting — 
none  have  been  renewed.  The  brush  mileage  varies  be- 
tween 40  000  and  60  000  miles.  No  shunts  or  caps  are 
used,  but  the  brush  finger  tips  are  almost  the  full  width 
of  the  brush.  Connection  between  the  motors  and  the 
engine  wheels  is  accomplished  through  a  single  pinion 
and  gear  for  each  motor ;  the  pinions  make  a  mileage  of 
64000  to  1 18  000  miles:  none  of  the  gears  are  worn 
out,  though  they  liave  made  approximately  254  000 
miles. 

Driz'c  JJ'hccls — Formerly  the  greatest  mechanical 
expense  was  due  to  flange  wear ;  the  average  mileage 
being  about  25  000  between  tire  turnings ;  since  adopt- 
ing the  use  of  an  electro-pneumatic  wheel  flange  lubri- 
cator, designed  by  the  writer,  some  tires  have  already 
made   184000  miles  since  last  turned  and  are  still   in 


trie  ]iush  button,  is  placed  near  the  operator. 

With  other  flange  lubricators  it  appears  to  be  con- 
sidered necessar}'  to  use  a  heater,  for  the  purpose  of 
keeping  the  oil  in  a  liquid  state  during  cold  weather ; 
iiil  so  heateil  is  quickly  cooled  upon  coming  in  contact 
with  frozen  nozzles,  so  that  the  plan  was  adopted  of 
installing  the  oil  receptacle  on  the  outside  of  the  engine 
frame,  where  it  is  exposed  to  all  conditions  of  weather. 
Engine  oil  is  used,  most  of  which  is  taken  from  the 
bearing  cellars,  and  after  filtering  is  used  in  the  lubri- 
cator. During  the  winter  the  oil  is  thinned  by  addition 
of  kerosene  oil,  so  that  it  will  flow  freely  at  the  lowest 
temperatures  experienced.  If  this  is  done  it  is  seldom 
necessary  to  make  adjustment  to  the  nozzles.  A  quart 
lubricator  body  and  J^  inch  pipe  is  used  to  convey  oil  to 
the  nozzles. 

Controllers — The  controllers  require  little  attention 
and  have  given  practically  no  trouble.  The  switch 
group  contacts  require  occasional  scraping  and  occa- 
sional renewal  of  shunts  due  to  breakage. 

Locomotive  Auxiliaries — The  commutators  of  the 
.ur  compressor  motors  and  blower  motors  have  not  re- 
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quired  turning  since  going  into  service,  but  two  arma- 
tures have  been  repaired. 

Breakages — Occasionally  a  motor  suspension  hanger 
or  susjjension  spring  will  break,  apparently  due  to  crys- 
tallization, but  the  main  frames  have  given  no  indication 
of  distress. 

Equalizer  Rigging — The  equalizers  rec^uire  rebush- 
ing  and  new  pins  occasionally. 

Line  Construction  Material — The  few  train  delays 
which  have  occurred  have  been  almost  entirely  due  to 


-a 


I-IC.   3 — SVSTK.M    FOR   LUBKIC.VTING    WHEEL   ri,.\NGES 

insulator  failures  or  to  flashovers  caused  by  the  ex- 
haust from  steam  locomotives  passing  under  insulators. 
At  the  commencement  of  electric  operation  there  were 
a  number  of  short-circuits  caused  by  birds  alighting  on 
the  arcing  tips  of  lightning  arresters,  but  the  difficulty 
was  overcome  by  installing  porcelain  perches  for  the 
birds  to  alight  upon.  The  failure  of  strain  insulators  and 
special  insulators  used  in  the  tunnel  was  due  to  cracks 
apparently  caused  by  expansion  resulting  from  atmos- 
pheric temperature  changes ;  strain  insulator  trouble  has 
been  overcome  by  placing  fibre  shrouds  completely 
around  the  insulators,  allowing  the  shrouds  to  project 
beyond  the  ends  so  as  to  protect  the  insulators  from 
rain  and  from  gases  emitted  from  steam  locomotives.  In 
the  illustration  showing  the  section  breakers  these  strain 
insulators  with  their  covers  can  be  plainly  seen. 

By  referring  to  the  interior  view,  Fig.  5,  it 
will  be  seen  that  there  are  two  trolley  wires  supported 
by  two  messenger  cables ;  the  latter  are  supported  by 
corrugated  ])orcclain  insulators  and  the  trolley  wires  by 
a  special  device  consisting  of  wood  and  iron  which  is 
fastened  to  the  messenger  cables  and  trolley  wires. 
Upon  the  failure  of  a  corrugated  insulator  a  flash-over 
will  siiinetimes  occur  at  one  of  these  special  supports, 
resulting  in  carbonizing  the  surface  of  the  wood,  making 
it  necessary  to  remove  both  the  defective  porcelain  insu- 
lator and  the  special  support.  P'ornierlv  considerable 
delay  was  e-X])erienced  when  removing  a  porcelain  insu- 
lator, as  they  were  secured  to  the  roof  of  the  tunnel  by 
iron  bolts.  This  has  been  overcome  by  using  brass  bolts 
with  ample  stiuare  heads,  being  careful  to  grease  the 
thread  of  all  bolts;  but  the  greatest  difficulty  and  delay 
occurred  when  removing  the  special  supports  from  the 
line,  owing  to  bolts  having  hexagon  heads  and  nuts  so 
located  that  it  was  almost  impossible  to  apply  wrenches 
to  them  or  even  to  use  a  chisel  to  split  the  nuts.  A  new 
support  was  designed,  in  which  an  1 1  000  volt  standard 
insulator  is  employed,  thus  adding  double  insulation  to 
the  line  and  providing  a  support  which,  in  the  event  of 
failure,  may  be  cleared  from  the  line  by  a  hammer  blow 
and  a  new  one  installed  by  removing  two  square  nuts. 


Trolley  Wire — After  about  four  years  of  operation 
certain  sections  of  the  copper  trolley  wire  gave  signs  of 
wear  at  points  of  rigid  support;  this  trouble  was  over- 
come by  supporting  an  iron  trolley  wire  beneath  the 
copper  one,  thus  eliminating  hard  spots  and  increasing 
the  flexibility  of  the  line. 

Section  Breakers — The  wood  section  breakers  gave 
some  trouble  due  to  warping ;  these  have  been  largely 
replaced  by  using  two  timbers,  one  extending  from 
either  side  of  the  bridge,  with  an  iron  grooved  wheel  at 
the  extended  ends,  over  which  a  chain  passes.  The 
chain  is  connected  to  the  trolley  at  its  lower  end  and  to 
a  turn-buckle  at  its  upper  end,  so  that  the  trolley  wires 
pass  each  other,  but  are  separated  by  about  12  inches; 
this  not  only  makes  a  smooth  crossing,  but  permits  slack- 
ening or  tightening  the  trolley  wires  and  prevents  sur- 
face leakage  due  to  steam  locomotive  gases.  On  straight 
runs  these  breakers  are  not  necessary,  because  the 
wires  may  be  dead  ended  at  the  top  of  the  bridge  next 
to  the  point  of  crossing.  The  trolley  wire  hangers  orig- 
inally installed  consisted  of  34  '"ch  iron  pij^e  attached 
to  a  clamp  at  the  lower  end  and  supported  from  the 
messenger  cable  by  a  clip  made  of  strap  iron  ;  these 
proved  very  satisfactory  except  where  steam  locomo- 
tives were  employed  in  the  yards.  When  replacing 
hangers,  galvanized  or  sheradized  band  steel  '  s  inch  by 
r  inch  are  now  used,  as  this  st\le  requires  less  time  to 
install  or  remove. 

When  installing  the  iron  or  au.xiliary  trolley  wire, 
the  two-screw  clam])  was  used.  The  screws,  having 
slotted  heads  and  flat  ends,  required  considerable  time 
to  install,  especially  in  cold  weather;  considerable  time 
is  also  required  to  take  them  out  of  the  line  after  corro- 
sion has  set  in  or  for  any  other  reason.  The  writer, 
therefore,  designed  a  clamp  which  can  be  quickly  in- 
stalled by  inserting  a  carriage  bolt  in  a  square  hole,  using 
a  spring  washer  and  square  nut;  in  the  top  of  this  clamp 
there  is  an  aperture  for  the  Yi  by  i  inch  band  iron 
hanger  so  that  it  may  be  used  as  an  auxiliary  trolley 
wire  clamp,  as  a  hanger  clamp  where  only  one  trolley 
wire  is  used  or  as  a  inill-off 
clamp  when  necessary  to  hold  the 
wire  to  ;i  curve.  The  various 
uses  to  which  this  clamp  may  be 
put  are  shown  in  I'^ig.  7.*  The 
average  cost  of  material,  tools 
and  labor  for  maintenance  per 
mile  per  year  of  the  i  j  miles  of 
overhead  line  construction  and 
bonding  of  rails  is  $127  for  labor 
and  ^jz  for  material  and  tools. 
The  .saving  in  cost  of  track  main- 
tenance in  the  tunnel  alone  is 
estimated  at  $1500  jier  year.  All  bonds  used  at  rail 
joints  are  protected  by  the  angle  bars  and  arc  thus  con- 
cealed froin  view,  .'\fter  the  terminals  are  properly 
pressed  into  the  rails  very  little  trouble  is  experienced; 


FIG.  4— FUSE  TYPE 
l.IGHTXIXC  .\RRESTER 

F.(|iiippcd    w  i  t  li    perch 

for  preventing  short 

circuits  bv  birds. 


*It  is  known  as  Hall's  universal  trolley  wire  clamp  and  is 
patented. 
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in   fact,  it  is  seldom  necessary  to  renew  any  of  theser 
bonds  except  on  account  of  changing  rails. 

The  bonding  is  occasionally  tested  by  a  simple  but 
eiTective  device  designed  by  the  writer  several  years  ago. 
The  construction  of  this  is  shown  in  Fig.  8,  so 
that  further  description  is  not  necessary  except  to  say 
that  upon   first  trial  60J5   feet  of  track,  or  about  400 


% 


•^   ■ 


.j**^ 
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FIG.   5 — TROLLEY  CONSTRUCTION  IN  THE  TUNNEL 

The  St.  Clair  Tunnel  is  a  cast-iron  tube  40  feet  below  the  St. 
Clair  river.     It  is  whitewashed  and  electrically  lighted. 

bonds,  were  tested  and  all  those  at  all  defective  noted  in 
abottt  40  minutes. 

Fuel — The  cost  of  fuel  for  the  steam  locomotives 
was  $42  729  per  year ;  the  average  cost  of  fuel  consumed 
for  generating  energy  for  the  electric  locomotives  is 
$17  186  per  year,  a  difference  of  $25  543,  yet  the  aver- 
age tonnage  handled  by  the  electric  locoinotives  has 
been  greater  than  that  handled  by  steam.  The  differ- 
ence in  cost  is  partly  due  to  the  fact  that  slack  coal  is 
now  used,  whereas  hard  coal  was  used  for  the  steam 
locomotives ;  yet  fewer  tons  of  slack  coal  are  consumed 
for  all  purposes  than  of  hard  coal  for  the  steam  loco- 
motives alone.  In  addition  to  the  operation  of  trains 
power  is  now  supplied  for  operating  water  pumps,  light- 
ing the  tunnel,  lighting  two  terminals  and  yards  and  two 
engine  houses,  as  well  as  for  crane  and  other  motors. 

POWER    PL.\NT 

The  turbine  room  contains  two  1250  kw  AN'esting- 
house,  three-phase,  25  cycle,  3300  volt  turbo-generators, 
two  barometric  condensers,  two  engine-driven  exciters, 
one  motor-driven  exciter  and  two  air  pumps.  In  the 
turbine  room  basement  are  two  engine-driven  circu- 
lating pumps  of  the  centrifugal  type,  one  house  pump, 
two  engine-driven  stoker  fans,  besides  the  transformer 


00m,  a  storeroom,  a  lavatory  and  a  mercury  arc  rectifier 
outfit.  The  boiler  room  contains  four  water  tube  boilers, 
equipped  with  automatic  underfeed  stokers  and  an  inde- 
pendently fired  superheater,  overhead  coal  bunkers  and 
two  feed-water  pumps.  The  average  watt-hours  deliv- 
ered per  ton-mile  at  the  generator  bus-bars  during  the 
period  covered  was  37.6.  Up  to  the  present  time  (after 
7.5  years  of  operation)  no  train  delays  have  been  caused 
by  the  equipment  at  the  power  house. 

Turbines — The  turbines  have  given  very  satisfactory 
service;  no  bearing  trouble  has  been  experienced  and  the 
steel  blades  show  little  sign  of  errosion,  ahhough  a  few 
blades  have  been  renewed  at  the  high  pressure  end. 

Main  Generators — The  insulation  of  the  main  gen- 
erator fields  gave  evidence  of  breaking  down,  so  that 
more  modern  insulation  has  been  installed.  The  stator 
coils  have  not  given  trouble  of  any  kind. 

Load  Indicator — In  order  that  the  fan  and  stokers 
will  respond  quickly  to  a  drop  in  steam  pressure  a  -)4 
inch  pipe  is  connected  between  the  steam  line  near  the 
turbine  valves  and  a  diaphragm  regulating  valve  in  the 

,  fan  engine  steam  line.  The  speed  of  the  stokers  is  gov- 
erned by  the  speed  of  the  fan  engines  through  belts  and 
line  shafting,  so  that  when  a  drop  in  pressure  causes  the 
diaphragm  valve  to  open  both  the  fan  and  stokers  imme- 
diately speed  up.  But  there  are  times  when  heavy  trains 
follow  each  other  in  quick  succession,  so  that  it  is  not 
advisable  to  wait  for  the  steam  pressure  to  drop  in  order 
10  bring  in  the  auxiliaries,  but  rather  to  prepare  the  fires 
and  raise  the  steam  pressure  before  a  demand  is  made 
on  the  boilers;  in  order  to  accomplish  this  a  coil  was 
[•laced  around  the  cable  which  is  connected  with  the 
trolley  wire  and  current  induced  in  this  coil  is  utilized 
for  the  purpose  of  ringing  a  bell  and  lighting  a  series  of 
lamps  in  the  boiler  room.  This  indicator  is  so  adjusted 
that  when  a  train,  requiring  800  kw  or  more,  moves  out 
ni  the  yard  toward  the  timnel,  the  bell  will  ring  and  the 


HG.  6 — SECTION   BRE.\KERS 

Showing  protecting  covers  over  the  strain  insulators  and  the 
method  of  adjusting  the  tension  of  the  wires  with  a  turn  buckle. 

lamps  glow,  thus  indicating  to  the  fireman  that  he  should 
prepare  to  handle  a  heavy  train  up  the  two  percent  grade 
in  three  or  four  minutes ;  he  can  then  cause  the  fan  and 
stokers  to  speed  up  and  handle  the  load  without  any 
inconvenience. 
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Condensers  and  Air  Pumps  have  required  only  ordi- 
nary running  repairs. 

Engine-Driven  Circulating  Pumps  —  The  engines 
have  received  ordinary  running  repairs,  but  the  im- 
pellers of  the  pumps  show  practically  no  sign  of  wear. 

House  Pump— Water  for  scaling  the  turbine  glands, 
etc.,  is  supplied  by  a  house  |)Uiup.  In  order  to  avoid  the 
possibility  of  loss  of  vacuum  due  to  failure  of  water 
supply,  the  discharge  pipe  is  connected   with  the  city 


tires  were  first  lighted,  November,  1907.  For  a  time  we 
did  experience  some  trouble  due  to  front  tuyere  blocks 
of  stokers  burning  out  during  periods  when  the  draught 
from  the  fan  engine  was  checked,  and  various  schemes 
were  employed  in  an  endeavor  to  prevent  these  blocks 
from  burning  out  at  such  times.  The  difficulty  was  over- 
come by  designing  a  protecting  plate  of  cast  iron,  which 
is  bolted  on  the  front  of  the  tuyere  block.  This  plate 
can  l)c  installed  quickly  and  is  inexpensive  as  comparetl 
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supply  line,  but  interposed  by  a  check  valve,  so  that  by 
maintaining  a  slightly  higher  pressure  at  the  house  pump 
than  that  of  the  city  line  no  water  from  the  city  system 
can  pass ;  but  should  it  be  necessary  to  stop  the  house 
pump  the  check  valve  will  open  and  thus  an  uninter- 
rupted supply  of  water  is  maintained. 

Steam  Traps — The  steam  traps  connected  to  the  lines 
conveying  steam  at  200  lbs.  pressure  require  consider- 
able attention,  owing  to  the  errosion  of  valve  seats  and 
discs.  The  discharge  pipes  from  the  oil  separators  in 
the  auxiliary  exhaust  lines  were  formerly  connected  to 
traps,  but  these  quickly  became  inoperative  due  to  accu- 
mulation of  oil.  They  were,  therefore,  discontinued 
and  pipes  installed  in  the  form  of  an  inverted  U  of  such 
a  height  that  the  weight  of  a  column  of  oil  and  water  in 
one  side  will  more  than  balance  the  maximum  back 
pressure  in  the  au.\iliary  exhaust  line.  At  the  top  of 
the  U  is  an  air  vent  to  prevent  syphoning.  This  scheme 
makes  an  ideal  trap  for  the  purpose,  there  being  no 
floats  or  other  moving  parts  to  gum  up  or  get  out  of 
order ;  it  requires  little  or  no  attention  and  yet  relieves 
the  separators  at  all  times,  thus  preventing  trouble  due 
to  oil  getting  into  the  heaters,  hot  wells  or  boilers. 

Boilers  and  Stokers — The  boilers  have  given  good 
results,  particularly  when  a  good  quality  slack  coal  is 
used ;  crushed  mine  run  is  not  as  satisfactory  because 
of  the  excessive  draft  sometimes  required  to  care  for 
the  very  erratic  load  conditions ;  at  such  times  a  blow 
torch  effect  may  be  set  up  when  mine-run  coal  is  used, 
which  is  likely  to  result  in  blistered  tubes.  We  have 
renewed  some  tubes  on  this  account  when  boilers  have 
been  taken  out  of  service  for  cleaning.  The  stokers 
have  given  good  results  and  the  cost  of  maintenance  has 
been  low  notwithstanding  our  erratic  load  conditions. 

When  not  supplying  energy  for  handling  trains,  the 
boiler  fires  necessarily  burn  low.  Notwithstanding  this, 
not  a  single  stoker  retort  has .  been  renewed  since  the 


with  the  value  of  the  tuyere  blocks.  The  loss  of  the 
tuyere  blocks  was  not  the  most  serious  feature,  however. 
The  worst  feature  was  due  to  the  fact  that  when  a  hole 
is  burned  in  the  front  block  the  blast  from  the  fan  engine 
sets  up  a  severe  blow  torch  effect  upon  the  boiler  tubes, 
causing  them  to  blister,  and  if  allowed  to  continue  would 
result  in  serious  damage.  Upon  investigating  failures 
of  retorts  at  various  places,  the  writer  decided  that  these 
were  frequently  due  to  fine  coal  being  allowed  to  accu- 
mulate under  them.  This  powder,  being  almost  of  an 
explosive  nature,  will  sometimes  ignite  by  the  admission 
of  a  spark,  so  that  when  the  air  blast  is  introduced  a 
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fierce  tire  is  set  up  below,  as  well  as  above  the  retort, 
often  resulting  in  destruction  of  the  latter. 

Lligli  and  Low  Water  Alarms — For  some  time  a 
great  deal  of  difticulty  was  experienced  in  obtaining 
floats  that  would  operate  in  the  gauge  columns  of  the 
boilers  without  leakage  or  collapsing,  until  tinally  the 
writer  devised  a  system  of  counterbalances  to  take  the 
place  of  floats.  The  scheme  operates  satisfactorily  for 
both  high  and  low  water. 

RESULTS 

The  satisfactory  results  obtained  during  the  years 
of  operation,  and  the  fact  that  at  the  end  of  7.5  years  of 
service  the  entire  eciuipment  is  in  excellent  condition,  not 
only  speaks  well  for  the  design  of  the  various  parts,  but 
also  for  the  quality  of  material  which  entered  into  the 
construction  of  the  power  plant  and  traction  equipment. 


Electrically-Operated  Switchboards    (Cont. ) 

CIRCUIT   BREAKER   STRUCTURE   ARRANGEMENTS 

H.  A.  Travers 

Switchboard  Engineering  Dept., 

Westinghouse  Electric  &  Mfg.  Company 


THE  use  of  electrically-operated  switchgear  came 
into  demand  very  shortly  after  the  introduction 
of  hand-operated  remote  mechanical-control  cir- 
cuit breakers.  Hand  control  is  limited  in  application  and 
cannot  be  used  to  advantage  in  large  power  stations 
where  a  great  many  circuits  are  to  be  centrally  controlled 
by  a  single  operator. 

At  first,  pneumatic  control  was  used,  then  electro- 
pneumatic  and  finally  straight  electrical  operation  was 
developed.  The  first  pnevmiatic  and  electro-pneumatic 
installations    were   complicated,    uncertain    in    operation 


circuit  breakers  not  easily  closed  by  hand,  or  where  the 
design  of  the  station  is  such  that  the  hand-operated 
remote-control  type  cannot  be  used  to  advantage  due  to 
the  excessive  lengths  of  operating  rods  required. 

STRUCTURE   ARRANGEMENTS 

All  the  advantages  gained  by  the  use  of  hand-oper- 
ated remote  mechanical-control  circuit  breakers  over  the 
switchboard-mounting  type  are  applicable  to  the  elec- 
trically-operated installations.  The  space  required  for 
circuit  breakers  and  bus-bars  for  a  given  capacity  will 
be  practically  the  same  as  that  for  hand-oper- 
ated remote  mechanical  control,  but  due  to  the 
absence   of   o|)erating    rods,    bell    cranks,    etc.. 
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FIG.  3-4 


FIG.  4 


FIG.  3 
FIGS.  1-4 — TYPICAL  STRUCTURES   FOR  SWITCHBO.ARD  MOUNTING  CIRCUIT  BRE.AKERS 

Having  a  self-contained  solenoid  mechanism  as  part  of  the  circuit 


FIG.   5 — TYPE  B-3,  THREE-POLE,  2$  000  VOLT,  300  AMPERE 
WESTINGHOUSE  OIL  CIRCUIT  BREAKER 

Illustrating   the   type   of   circuit   breakers    shown   in 
Figs  I  to  4. 


breaker  frame  work, 
and  expensive,  and  soon  gave  way  to  the  more  simple 
electrically-operated  circuit  breakers.  This  system  of 
control  has  been  thoroughly  developed  for  a  number  of 
years  and  is  reliable  and  efficient.  The  most  common 
form  of  electrically-operated  circuit  breaker,  the  sole- 
noid control,  is  applied  to  all  but  the  smallest  capacities 
of  oil  circuit  breakers.  These  solenoids  are  generally 
wound  for  direct  current,  which  gives  the  best  results. 
There  are,  however,  some  installations  where  alter- 
nating-current solenoids  have  been  used  to  advantage, 
but  this  use  is  confined  to  sub-stations  rather  than  power 
stations. 

The   electrically-operated   circuit   breaker   is   usually 
employed  for  stations  of  large  capacity  requiring  heavy 


arrangements  and  designs  of  structures  can  be 
used  that  are  not  possible  otherwise  and  that 
present  various  adaptations  to  certain  desir- 
.■'l)le  building  designs,  which  are  out  of  the  question  with 
hand-operated  remote  control.  This  is  particularly  evi- 
dent in  large  stations  where  high  potentials  such  as 
2400,  6600  and  1 1  000  volts  are  used  for  generators,  and 
where  extra  high  potentials  such  as  22  000,  33  000,  etc., 
up  to  150000  volts,  are  employed  for  distributing  cir- 
cuits. The  variety  of  structure  arrangements  with  elec- 
trically-operated circuit  breakers  is  almost  unlimited,  but 
good  operating  practice  has  evolved  certain  typical  de- 
signs, which  are  shown  in  the  accompanying  illustrations. 
In  general,  there  are  six  types  of  structure  arrange- 
ments in  use: 

I — Wall    mounting.      .-Ml    apparatus    and    bus-bars    either 
mounted  directly  on  or  supported  from  a  wall  of  the  building. 
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2— Framework  mounting.  All  apparatus  and  bus-bars 
mounted  on  a  framework  of  iron  pipe  or  structural  steel  shapes. 

3— Combination  wall  and  framework  mounting. 

4— Concrete  or  masonry  structure  mounting.  All  apparatus 
mounted  in  cells. 

5_Combination  concrete  and  structural  mounting.  Circuit 
breaker  in  cells,  with  bus-bars,  etc.,  on  iron  framevvork. 

6 — Floor  mounting  and  structural  mounting.  Circuit 
breakers  set  on  floor  with  bus-bars,  etc.,  mounted  on  iron 
framework. 


FIG.  6-7 


FIG.  6 


The  first  five  general  types  of  structure  arrange- 
ments are  similar  to  those  mentioned  in  a  previous  arti- 
cle on  remote  mechanical-control  switchboards.*  The 
.sixth  arrangement  applies  particularly  to  high-voltage 
layouts  of  22  ooo  volts  and  above,  using  the  floor-mount- 
ing lyi)e  of  circuit  Ijreaker. 

The  .same  reasons  for  selecting  a  given  type  of  struc- 
ture should  be  observed  as  have  been  outlined 
under  the  hand-operated  remote  mechanical- 
control  switchboards.  The  factors  involved 
are  identical.  The  illustrations  show  the  use 
of  solenoid-operated  circuit  breakers  entirely, 
and  have  not  considered  the  motor-operated 
type.  Circuit  breakers  of  relatively  small  ulti- 
mate k.v.a.  breaking  capacity  and  for  poten- 
tials u])  to  1 5  ooo  volts  and  having  a  single 
frame   ff)r  a!l  poles,  have  the  solenoid  mech- 


FIG.  7 


p^f 


FIG.  9 


FIG.  8-9  FIG. 

PICS,   6-9— TYPIC.M,   STRUCTURES    FOR    L.^RCKR    SWITCHBOARD    MOUNTING 
CIRCUIT  BRE.\KERS 

Having  the  solenoid  mechanisms  remote  from  the  circuit  breaker. 


FIG.  12-13  "<5-  ^-  "<^-  '3 

FIGS.    10-13 — TVPIC.M.   STRUCTURES   FOR  PIPE  FRAME   MOUNTING  OF 
CIRCUIT  BREAKERS 

Having  a  separate  frame  and  mechanism  for  each  pole. 
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FIG.  14 
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FIG.  IS 

Kics.  14  and  15— arr.\ncemEnt  with  circuit 

BREAKER  MOUNTED  ON  WAI.I. 

anisms  fastened  directly  to  the  frame  of  the 
circuit  breaker;  as  this  makes  a  more  or  less 
self-contained  unit.  The  remaining  sizes,  which 
are  built  with  each  pole  a  separate  unit  with  its 
own  frame  and  tank,  are  operated  from  one 
solenoid  acting  on  a  common  operating  inech- 
anism  to  which  each  pole  is  connected. 


♦See  articles  bv  Mr.  C.  H.  Sanderson  in  the 
Journal  for  March',  .\pril  and  May,  1913,  pp.  Z0\. 
361  and  474. 
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Typical  structures  both  for  single-throw  and  double- 
throw  bus  systems  are  shown  in  Figs,  i  to  4,  with  dis- 
connecting switches  either  on  one  side  of   the  circuit 


FIG.    16 — TYPE    E-4,    THREE-POLE,     1 5  000    VOLT,    JOG    .\MPERE,    ELEC- 

TRICAEEY-OPERATED,   PIPE   MOUNTING   WESTINGHOUSE 

OIL  CIRCUIT  BREAKER 

Illustrating  the  type  of  circuit  breaker  whose  structure  is 
shown  in  Figs.  lO  to  l8. 


FIG.   17 


breaker  or  on  both  sides,  for  potentials  up  to  6600  volts 
and  for  installations  of  relatively  small  capacity.  These 
circuit  breakers  have  the  self-contained  solenoid  mech- 
anism as  part  of  the  circuit  breaker  framework.  Fig.  i 
shows  a  one  circuit  breaker  single-bus  structure  with 


FIG.    19 — SAME  TYPE  OF   CIRCUIT   BREAKER    MOUNTED    IN    A    CELL 
STRUCTURE 

disconnecting  switches  between  the  bus  and  the  circuit 
breakers.  Fig.  2  shows  the  one  circuit  breaker  double- 
bus  structure  with  disconnecting  switches  between  the 
bus  and  circuit  breaker.     Fig.   3  shows  a  one  circuit 

breaker  single-bus  struc- 
ture with  disconnecting 
switches  on  either  side 
of  the  circuit  breaker. 
Fig.  4  shows  a  two  cir- 
cuit  breaker   double-bus 


FIG.  21 

FIG.    20 — SINGLE   BUS    ARRANGEMENT    WITH    SWITCHBOARD    TYPE 
CIRCUIT  BREAKER 

Having  self-contained  solenoid  mechanism  mounted  in  a  cell. 

FIG.    21 — ARRANGEMENT    FOR    A    TWO-CIRCUIT    BREAKER    DOUBLE    BUS 
STRUCTURE 

structure  with  disconnecting  switches  on  either  side  of 
the  circuit  breaker. 

A  size  of  circuit  breaker  which  has  all  the  poles  in 
one  frame,  but  separate  tanks  for  each  pole,  is  shown  in 
Figs.  6  to  9.    Because  this  circuit  breaker  is  heavier,  it  is 


FIG.  18 

FIGS.    17   and    18 — DOUBLE   bus    structures    with    busses    and   CIR- 
CUIT BREAKERS  ON   OPPOSITE  SIDES  OF  A   WALL 
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FIG.    22— ARRANGEMENT    FOR    A    DOUBLE    BUS    STRUCTURE    WITH    ONE 

SWITCHBOARD   TYPE   CIRCUIT   BREAKER    WITH    REMOTE 

SOLENOID    MECHANISM 
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desirable  to  have  the  solenoid  niechanisnis  remote  from 
the  circuit  breaker,  as  shown.  This  type  can  be  used 
with  potentials  as  high  as  22  000  volts  where  the  total 
station  capacity  is  small  enough  not  to  require  the  use 
of  a  cell  structure.  The  structure  design  illustrated  is 
limited  to  13200  volts,  however. 


FIO.  26 — SMALLER  TYPE  OF  CELL   MOUNTING  CIRCUIT   BRK.\KER 
STRUCTURE 


FIG.  23 — SINGLE  FR.\Mi;  TYPE  OF   CIRCUIT   BREAKER 


FIG.   27 — LARGE  CAPACITY   CIRCUIT   BREAKER   IN   CELL   STRUCTURE 


FIG.   24 — HEAVY   CAPACITY    CIRCUIT    BREAKER    WITH    SEPARATE   TANK 
FOR    EACH    Pnl.F. 


FIG.    25 — TYPE    C,    THREE-POLE,     IJOOO    VOLT,    6oO    AMPERE.    ELECTRI-  FIG.    28 — TYPE    O,    THREE-POLE,    22  000    VOLT,    60O    AMPERE,    ELECTRI- 
CALLY-OPERATED   WESTINGHOUSE  OIL    CIRCUIT   BREAKER  CALI.Y-OPERATED    WESTINGHOUSE    OIL    CIRCUIT    BREAKERS 

With  two  doors  and  one  tank  removed,  illu.strating  the  type  of  With  two  doors  and  one  tank  removed,  ilhistrating  the  type  of 
circuit  Ijreakcr  shown  in  Fig.  24.  circuit  lircakcr  sliown  in  Fig.  27. 
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Figs.  10  to  13  show  the  open  type  of  structure  similar 
to  the  previous  figures  and  for  the  same  voltages  as  in- 
dicated for  Figs.  6  to  9,  the  essential  difference  in  this 
structure  being  the  use  of  circuit  breakers  having  a  sep- 
arate frame  and  tank  for  each  pole,  with  all  poles  oper- 
ated from  a  single  solenoid  by  means  of  a  suitable  coun- 
tershaft. While  the  circuit  breakers  shown  in  these  fig- 
ures are  suitable  for  potentials  up  to  35  000  volts,  de- 
pending upon  the  ampere  capacity,  it  is  the  intention 
with  this  arrangement  of  structure  to  limit  the  operating 
voltage  to  13  000  volts,  as  has  been  indicated  by  the  type 
of  disconnecting  switch  and  current  transformer  shown. 
The  use  of  a  circuit  breaker  suitable  for  a  much  higher 
voltage  than  the  operating  voltage  is  very  often  resorted 


-®- 


15  show  the  small  type  of  circuit  breaker  with  self- 
contained  solenoid  mechanisms  for  either  single  or 
double  bus-bars  with  disconnecting  switches  between  the 
circuit  breaker  and  the  bus.  Fig.  17  shows  the  two 
circuit  breaker  double-bus  structure,  with  one  circuit 
breaker  and  bus  mounted  on  either  side  of  the  wall.  Fig. 
18  shows  the  larger  frame  circuit  breaker,  having  sep- 
arate tank  and  frame  for  each  pole,  with  the  bus-bars 
attached  to  braces  fastened  to  the  wall  and  the  circuit 
breaker  mounted  on  a  suitable  pipe  framework  very 
close  to  the  wall.  If  this  circuit  breaker  is  to  be  enclosed 
ill  a  cell  structure  a  slightly  modified  form  is  used,  as 
shown  in  Fig.  19. 

The  concrete  or  masonry  type  of  structure  is  shown 
in  Figs.  20  to  22,  using  the  small  cir- 
cuit breakers  which  have  a  single  frame 
for  all  three  poles,  with  either  the  self- 
contained  solenoid  mechanism  as  in 
Fig.  20,  or  the  separate  solenoid  mech- 
anism as  in  Fig.  22.     If  desired,  the 
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FIGS.  29-31— V.ARIOUS   POSSIBLE  CO.MBI.N-ATIONS    USING   THE   TVPE  OF  SIRVCTURE  ILLUSTR.\TED   IX   FIGS.   23   tO   28 


to  in  order  to  obtain  sufficient  breaking  capacity  on  ac- 
count of  the  total  installed  k.v.a.  of  synchronous  ma- 
chines. The  ultimate  k.v.a.  breaking  capacity  of  a  given 
circuit  breaker  may  be  increased  approximately  one  per- 
cent for  every  one  percent  decrease  in  voltage  from  its 
rated  voltage. 

Figs.  14  to  18  illustrate  the  use  of  the  same  circuit 
breakers  as  shown  previously  except  that  they  are 
mounted  on  the  side  of  the  station  wall  and  may,  if  de- 
sired, be  enclosed  by  cells  of  concrete,  soapstone,  as- 
bestos lumber,  or  other  suitable  material.     Figs.  14  and 


three  poles  of  the  smaller  sizes  of  the  individual-pole 
type  may  be  mounted  in  a  single  cell,  in  which  case  the 
circuit  breakers  would  be  mounted  on  the  rear  wall  of 
the  structure  in  order  that  the  total  depth  C  would  re- 
main the  same.  Of  course  dimension  D,  the  width  of 
the  cell  structure,  would  be  increased  somewhat.  It  is 
usually  the  practice,  however,  to  use  separate  cell  com- 
partments for  each  pole  when  this  type  of  circuit  breaker 
is  used.  A  one  circuit  breaker  single-bus  structure  with 
disconnecting  switches  on  either  side  of  the  circuit 
breaker  is  shown  in  Fig.  20,  and  Fig.  21  shows  the  ar- 
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rangement  for  a  two  circuit  breaker  double-bus  struc- 
ture. Tlie  current  transformer  is  to  be  located  under- 
neath the  floor  at  the  point  where  the  tie  connection  be- 
tween the  two  circuit  breakers  has  been  made.  A  one 
circuit  breaker  double-bus  structure  with  disconnecting 
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FIC.  32 — TYPICAI,  PirK   TRAMIC   .MOUNTING,  SINGLE  nUS   STRUCTURE 

switches  on  either  side  of  the  circuit  breaker  is  shown  in 
Fig.  22. 

The  adaptability  of  the  solenoid-operated  circuit 
breakers  of  different  sizes  and  capacity  to  the  same  type 
of  circuit-breaker  structure  is  indicated  in  Figs.  23  to  27. 
Fig.  23  indicates  the  type  of  breaker  having  the  single 
frame  with  either  a  common  tank  for  all  i)oles  or  a  sep- 
arate tank  for  each  pole,  with  the  solenoid  mechanism 
placed  above.  Fig.  24  shows  the  heavy  capacity  type 
circuit  breaker  designed  ]jarticularly  for  cell  mounting 
with  a  common  frame  or  base  supporting  the  operating 
mechanism.  These  circuit  breakers  are  for  jjotenlials 
from  2500  to  25  000  volts  and  have  a  breaking  capacity 

ranging  from  35  000  to  60  (XX) 
k.v.a.  A  smaller  type  of  cell- 
mounting  circuit  l)reaker, 
which  has  a  breaking  ca|)acity 
i-anging  from  10  000  to  30000 


./ 

^^4' 

L      i 

T: 


These  four  different  types  of  circuit  breakers  can  be 
placed  in  the  same  structure  without  any  change  in  the 
structure  design,  and  this  feature  becomes  particularly 
desirable  in  cases  where,  by  means  of  suitable  relays,  a 
somewhat  smaller  or  less  expensive  circuit  breaker  may 
be  used  on  certain  circuits  of  the  system,  such  as  on  gen- 
erators where  the  operation  is  usually  non-automatic : 
whereas,  in  the  case  of  feeders,  a  heavier  circuit  breaker 
is  necessary  because  it  has  to  open  automatically  under 
short-circuit. 

Figs.  29  to  31  show  the  various  combinations  pos- 
sible, using  the  type  of  structure  illustrated  by  Figs.  23 
to  27.  Each  cut  shows  from  four  or  five  different  ar- 
rangements, as  indicated  by  the  letters  A,  B,  C,  D,  E 
and  E,  the  arrows  emanating  from  these  letters  showing 


FIG.  34 


FIGS.  33  and  34— TVPiCAi,  bus  structures  for  floor   mounting 

CIRCUIT   BREAKERS 

k.v.a.,  is  shown  in  Fig.  26.  Fig.  27  shows  one  of  the 
heaviest  capacity  circuit  breakers  of  the  cell  type  on  the 
market,  having  a  breaking  capacity  of  80  000  to  100  000 
k.v.a.,  with  an  ampere  capacity  of  600  to  4000  amperes. 


P10_     35— INSTALLATION     OF     REACTANCE     TYPE,     IIOOOO     VOLT,     30° 

AMPERE   WESTINGHOUSE  OIL   CIRCUIT   BREAKERS   AND 

DISCONNECTING   SWITCHES 

hi  tlic  plant  of  the  Lehigh  Navigation  Electric  Company,  Hauto, 
Pa.    Illustrating  the  type  of  circuit  breaker  shown  in  Figs.  33-38. 

just  what  is  included  under  that  sub-arrangement.  Fig. 
2g-A  shows  a  one  circuit  breaker  single-bus  structure 
with  all  main  leads  from  below.  Fig.  29-B  shows  a 
two  circuit  breaker  double-bus  structure  with  all  main 
leads  from  below.  With  such  an  arrangement  the  leads 
from  both  circuit  breakers  will  be  tied  together  under- 
neath the  floor  at  the  points  indicated  by  the  horizontal 
dotted  connections.  Fig.  29-C  is  a  one  circuit  breaker 
single-bus  structure  with  all  main  leads  from  above. 
Fig.  29-Z)  is  a  two  circuit  breaker  double-bus  structure 
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witli  ail  main  leads  from  above,  the  tie  connections  being 
indicated  by  the  dotted  horizontal  connections  directly 
underneath  the  second  floor.  Fig.  2g-E  is  a  two  circuit 
breaker  double-bus  structure  with  the  structures  ar- 
ranged one  above  the  other  on  separate  floors,  all  main 
leads  leaving  from  the  tie  connections  between  the  two 
structures.  It  will  be  noted  that  this  arrangement  is  a 
combination  of  A  and  C.  Fig.  29-f  is  a  one  circuit 
breaker  single-bus  structure,  with  two  rows  of  circuit 
breakers  arranged,  one  on  either  floor.  The  leads  would 
leave  from  below  on  the  upper  floor,  and  from  above  on 
the  lower  floor.  A  duplicate  structure  has  been  indi- 
cated in  dotted  lines  and  may  be  used 
for  a  two  circuit  breaker  double-bus 
system. 

Fig.  2i'^-A  is  a  one  circuit  breaker 
single-bus  structure  with  all  main 
leads  from  below,  having  the  bus-bars 
and  potential  transformers  on  the 
upper  floor  and  the  circuit  breaker 
with  the  disconnecting  switches  on  the 
lower  floor.    Fig.  30-i?  is  a  two  circuit 


main  floor  below  the  circuit  breaker  with  all  main  leads 
from  above.  In  the  B  arrangement  the  disconnecting 
switches  and  the  voltage  transformers  in  the  bus  com- 
Iiartment  structure  would  be  interchanged  in  position. 
Fig.  31-C  shows  a  two  circuit  breaker  double-bus  struc- 
ture with  the  bus  compartment  on  the  floor  between  two 
rows  of  circuit  breakers ;  one  row  of  circuit  breakers  is 
on  the  first  floor  and  the  other  on  the  third  floor.  The  cir- 
cuit breakers  on  the  first  floor  have  the  leads  from  below 
and  those  on  the  third  floor  have  the  leads  from  above. 
The  voltage  transformers  in  the  bus  structure  would  be 
replaced  by  disconnecting  switches  for  use  with  the  top 
row  of  circuit  breakers.  Fig.  31-D  shows  the 
bus  compartment  on  the  same  floor  as  the  cir- 
cuit breakers.  The  leads  may  be  from  above  or 
below,  as  desired,  according  to  the  location  of 
the  disconnecting  switches  and  the  connections 
from  the  circuit  breaker  to  the  bus.  In  the 
illustration  the  disconnecting  switches  are 
shown  at  the  top,  which  would  indicate  th;it  the 
leads  to  the  circuit  breaker  would  come  from 


FIG.  36 


FIG.  37 


FIG.   38 


FIGS.    36-38 — TYPICAL    BUS    STRUCTURES    FOR    FLOOR    MOUNTING    CIRCUIT  BRK.VKERS 


breaker  double-bus  structure,  the  same  as  indicated  for 
the  A  arrangement.  Fig.  30-C  is  a  one  circuit  breaker 
single-bus  structure  with  all  main  leads  from  above,  the 
circuit  breaker  and  the  disconnecting  switches  being  on 
the  second  floor  and  the  bus-bars  and  potential  trans- 
formers on  the  ground  floor.  Fig.  30-i?  is  a  two  circuit 
breaker  double-bus  structure  corresponding  to  the  single- 
bus  structure.  Fig.  3o-£  is  a  two  circuit  breaker  double- 
bus  structure  using  four  floors,  instead  of  two  as  in  D. 


below.    The  voltage  transformers  may  be  placed  under- 
neath the  bus  compartments  where  space  is  available. 

A  typical  layout  for  a  22  000  to  35  000  volt  circuit 
breaker  and  bus  structure,  using  the  pipe  frame  mount- 
ing type  of  circuit  breaker,  is  shown  in  Fig.  32.  This 
arrangement  is  for  a  single-bus  system  with  the  out- 
,going  line  circuit  breakers  in  one  row  having  disconnect- 
ing switches  on  each  side,  and  transformer  circuit 
lireakers  in  the  other  row  with  disconnecting  switches 


Fig.  31-^   shows  a  bus  compartment   on   the   floor     between  the  bus  and  circuit  breaker  only, 
above  the  circuit  breaker  structure,  with  all  main  leads  Various    arrangements    of    floor    mounting    circuit 

from  below.  Fig.  3i-5  shows  the  bus  compartment  on  the     breakers  for  high-tension  structures  of  22  000  volts  and 
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upward  are  shown  in  Figs.  33  to  38.  Fig.  33  is  an 
arrangement  for  a  one  circuit  breaker  single-bus  system 
with  disconnecting  switches  on  citlier  side  of  the  circuit 
breaker,  if  desired,  when  a  long  rectangular  space  is 
available.  Fig.  34  shows  an  arrangement  for  a  one 
circuit  breaker  single-ljus  layout  where  a  wider  sjiace  is 
available,  and  thereby  cuts  down  the  total  length  of  the 
high-tension  room  by  placing  the  circuit  breakers  in  two 
rows.  Fig.  36  shows  an  arrangement  for  a  one-circuit 
breaker  double-bus  system.  Fig.  37  shows  a  two  circuit 
breaker  double-bus  system  suitable  for  use  in  a  long 
narrow  room.  Fig.  38  shows  an  arrangement  for  a  two 
circuit  breaker  double-bus  system  where  a  wider  and 
shorter  room  is  available. 

Typical  switching  bays  of  power  stations  with  high- 
tension  power  transmission  are  shown  in  P'igs.  39  to  41. 
Fig.  39  is  a  layout  which  is  common  in  water  power 
plants  where  a  long  narrow  space  is  available.    This,  of 


In  this  case  the  low-tension  circuit  breaker  structure  has 
been  divided  and  one  l>us  with  its  circuit  breakers  lo- 
cated on  the  upper  floor,  with  the  second  bus  and  circuit 
breakers  on  the  lower  floor.  In  this  case  the  power 
transformer  banks  are  removed  directly  to  the  outside  of 
the  building  on  a  track  as  indicated.  Such  an  arrange- 
ment is  extremely  desirable  where  the  ground  space  is 
available,  as  it  lessens  the  cost  of  the  ])ower  station, 
since,  if  it  is  necessary  to  remove  the  ])ower  trans- 
formers through  the  generator  room,  necessarily  waste 
space  has  to  be  roofed  which  otherwise  can  be  eliminated. 

While  it  would  be  possible  to  give  a  great  many  other 
dift'ercnt  arrangements,  they  all,  more  or  less,  are  based 
upon  those  described. 

The  lightning-arrester  e(|uipmcnts  have  not  been 
shown  in  connection  with  the  last  three  layouts.  It  usu- 
ally works  out  to  advantage  to  either  place  these  ar- 
resters on   the  ground  at  the  side  of  the  building  or 
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I'IG.  39  l-IC.  40  FIG.  41 

FIGS.  39-41 — TVPIC.M.   SWUCIIIXG   B.WS   FOR   HIGH-TENSION   POWER  TRANSMISSION 


course,  is  the  usual  layout  for  hydro-electric  power  sta- 
tions. The  transformer  bays  are  arranged  with  open- 
ings into  the  generator  room  to  permit  rolling  out  trans- 
formers in  case  repairs  are  necessary.  Fig.  40  is  an- 
other modification  of  this  layout  with  ihe  low-tension 
circuit  breaker  structure  on  the  same  floor  with  the 
transformers,  which  obviates  the  use  of  an  addition  to 
the  power  house  for  the  high-tension  room.  ISdili  Figs. 
39  and  40  indicate  the  use  of  a  two  circuit  breaker 
double-bus  system  on  the  low-tension  side  and  a  two 
circuit  breaker  double-bus  system  on  the  high-tension 
side.  The  power  transformers  are  removed  through  the 
generator  room. 

A   still    different    arrangement   of   the   same   layout 
where  a  wider  buildin<j  is  available  is  shown  in  Fig.  41. 


mount  them  on  the  roof  of  the  high-tension  room  in  a 
location  convenient  to  the  roof  outlet  bushings.  Where 
weather  conditions  will  permit,  the  entire  arresters  m.iy 
be  placed  outdoors,  as  this  saves  a  considerable  amount 
of  floor  space.  However,  where  temperatures  of  — 15 
degrees  C.  are  apt  to  exist  for  any  length  of  time,  the 
arrester  tank  may  be  placed  indoors,  but  the  horn  gaps 
can  still  be  left  outside.  Such  an  arrangemeiU,  of  course, 
means  the  use  of  three  additional  roof  outlet  bushings 
for  a  three-phase  system,  or  four  in  the  case  of  a  two- 
I'.hase  system  :  but.  as  a  rule,  the  extra  cost  of  these  roof 
outlet  bushings  is  considerably  less  than  would  be  the 
cost  for  the  larger  building  necessary  to  jirovide  suf- 
ficient space  above  the  horn  gaps  of  the  arresters  in  case 
they  were  placed  inside  the  building. 


Mechanical  Stresses  in  Transformers 

J.  !■'.  Peters 

THE  size  of  power  stations  has  increased  until  today  generating  stations  of  looooo  k.v.a.  output  or  more  are 
in  operation.  When  a  short-circuit  occurs  near  one  of  these  stations,  the  resulting  current  produces  mechan- 
ical stresses  in  the  apparatus  through  which  it  flows,  which  are  of  considerable  magnitude  in  large  apparatus. 
It  is  here  proposed  to  discuss  the  value  of  these  stresses  in  transformers. 

THE  mechanical  stresses  in  transformers  are  caused     shape  in  the  center  of  each  group,  while  as  they  advance 
hy  the  stray  magnetic  fields  that  pass  through  the     outwardly  they  hecome  more  distorted,  tending  toward 
windings.     These  fields  are  caused  by  the  load     the  shape  of  the  coils, 
currents  and  are  proportional  to  the  product  of  these  Considering  the  instantaneous  direction  of  current  in 

currents  into  the  number  of  turns  in  the  windings.  The  the  primary  coils  /-./-i-i'  as  being  down  through  the 
magnitude  and  distriljution  of  these  leakage  fields  de-  paper,  and  that  of  the  secondary  coils  2-y6-y  as  being 
pend,  in  aildition  to  the  number  of  turns  and  the  current,  up  through  the  paper,  the  fields  due  to  the  m.m.f.'s 
upon  the  groupings  or  interspacing  of  the  primary  and  would  be  in  the  direction  indicated  by  the  arrows.  The 
secondary  windings  and  upon  the  dimensions  of  the  core  mechanical  force,  due  to  the  local  field  in  a  group  of 
and  coils.  coils,  on  a  conductor  located  at  h  in  coil  2  would  tend  to 

As  a  preliminary  step  toward  arriving  at  the  value  of      draw  this  conductor  toward  the  center  of  the  group  of 
the  mechanical  stresses,  it  is  well  to  consider  the  distri-      coils  2  and  ^. 

The  stress  due  to  the  field  in  any  group  of  coils,  due 

/  \^  to  its  own  m.m.f.  tends  to  draw  the  conductors  closer 

together.  In  addition  to  the  field  in  the  individual 
groups  of  coils,  there  are  magnetic  fields  directly  across 
the  opening.  These  fields  are  caused  by  the  combined 
m.m.f.'s  of  the  primary  and  secondary  groups.  Consider 
the  space  between  coils  i  and  2.  Coil  i  has 
a  m.m.f.  producing  a  field  in  a  clockwise 
direction,  while  the  m.m.f.  of  coil  2  pro- 
duces a  field  in  a  coimter-clockwise  direc- 
tion. With  a  symmetrical  grou]Mng  which 
is  assumeil  in  this  case,  so  far  as  the  space 
between  coils  /  and  2  is  concerned,  the 
m.m.f.  of  coil  _i^  is  canceled  by  coil  4. 
that  of  coil  /j  is  canceled  by  6,  and  that  of 
coil  7  by  coil  iV.  This  leaves  the  m.m.f. 
of  coil  /  or  coil  2  (they  being  of  equal 
values,  but  in  opposite  direction)  to  pro- 
duce a  field  down  across  the  opening  between  coils  / 
and  2.  This  m.m.f.,  and  also  the  magnetic  field,  grad- 
ually decrease  as  the  outer  surface  of  coil  /  is  ap- 
proached, becoming  zero  in  the  space  between  this  sur- 
face and  the  iron.  The  magnitude  of  this  field  is  plotted 
in  the  lower  part  of  the  figure. 

With  the  current  in  coil  /  flowing  down  through  the 
pa]ier  and  with  the  magnetic  field  in  the  direction  indi- 
cated by  the  arrows,  the  conductors  in  coil  /  would  be 
forced  toward  the  left  of  the  figure.     Since  there  is  no 
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FIG.    I — DI.\GR.\M    REPRESENTING    THE    MAGNETIC    CONDITIONS    IN    A 
SHELL-LIKE   TR.\NSFORMER 

bution  of  the  leakage  field.  A  cross-section  of  one-half 
of  a  shell  form  transformer  having  four  ])rimary  and 
four  secondary  coils  is  shown  in  Fig.  I.  There  are  two 
distinct  leakage  fields  superimposed.  One  is  due  to  the 
individual  groups  of  coils  and  the  other  is  due  to  the 


combined  primary  and  secondary  groups. 

An  element  of  magnetomotive  force  has  a  magnetic  magnetic  force  in  the  opposite  direction  on  coil  /,  this 
field  surrounding  it.  The  lines  of  this  field,  if  magnetic  force  must  be  balanced  by  a  brace  against  the  side  of 
material  is  absent,  will  be  circles  with  the  element  m.m.f. 
as  a  center.  If  a  second  element  of  m.m.f.  is  near,  it 
too  will  be  surrounded  by  circular  lines  of  force,  but  the 
two  fields  will  combine  and  the  resultant  will  be  an  elip- 
tically  sha])ed  field,  as  shown  by  Fig.  1.  If  magnetic 
material  such  as  iron  is  in  the  neighborhood,  the  lines 
of  force  will  tend  to  crowd  into  the  iron  and  further 
distort  the  field.  Referring  to  Fig.  i,  the  contour  lines 
of   force  indicated  at  a   have  approximatel\-   a  circular 


coil  J.  Considering  the  force  on  the  other  coils,  that 
l)etween  /  and  2  tends  to  move  coil  _'  to  the  right,  but 
there  is  an  equal  force  between  _^  and  ./,  tending  to  move 
■?  to  the  left.  Therefore,  these  two  forces  balance  each 
other.  In  like  manner  the  force  between  5  and  6  bal- 
ances the  force  tending  to  move  ./  to  the  right,  and 


the 

force  between  7  and  lV  balances  the  force  tending  to 
move  6  to  the  right.  Therefore,  all  of  the  forces  are 
balanced  excejjt  those  teniling  to  move  coil  /  to  the  left 
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and  coil  8  to  the  right.  When  the  coil  arrangement  is 
not  symmetrical,  that  is,  when  the  groups  do  not  all  have 
the  same  number  of  ampere-turns,  the  repulsion  be- 
tween some  of  the  inner  groups  will  not  be  balanced  by 
equal  and  opposite  forces  between  other  groups.  Refer- 
ring to  Fig.  3,  which  represents  an  unsymmetrical  group- 


e 


D 


FIG.  3 — MAGNETIC   CONDITIONS   IN   A   SHELL-TYPE  TRANSFORMER 
WITH    UNSYMMETRICAL   GROUPING   OF   COILS 

ing,  all  coils  having  the  same  number  of  ampere-turns, 
the  force  between  4  and  5  is  greater  than  that  between 
/  and  2,  since  the  group  ^-6-y-S  has  more  ampere-turns 
than  2-^-4.  The  extra  force  between  4  and  5  is  trans- 
mitted through  the  grouji  2-^-4  and  is  added  to  the  force 
between  coils  /  and  2,  which  produces  an  extra  force 
tending  to  move  coil  /  to  the  left. 

The  magnetomotive  force  producing  the  licld  down 
across  the  space  between  coils  i  and  2  is  equal  to  the 
ampere-turns  in  coil  /.  If  /  is  the  effective  current,  A^ 
is  the  number  of  turns  in  coil  /,  and  a  =  the  effective 
length  of  the  leakage  path  in  centimeters,  the  maximum 
density  of  this  field  in  gausses  at  the  right-hand  edge 

of  coil  /  is  B  =   .     'Ilie  fiu.x  density  of  the 

10  a  ■' 

field  varies  from  a  maximum  at  the  right-hand  surface 

to  zero  at  the  left-hand  .surface  of  coil  /.     The  average 

density  then  is, — 

bave    =     (,/; 

10  a 

The  force  in  dynes  acting  on  a  conductor  carrying 

current  when  in  a  magnetic  field  is, — 

10       

where  /  and  A'^  are  the  same  as  in  the  foregoing  and  /  is 

the  length  of  the  turns  in  centimeters.     Combining  (i) 

and  (2), 

,.-  =  4'r-NU 

700  0  ^-^ 

Assuming  /  to  be  of  a  sine  wave  form,  then  F  is  a 
sin"  function  and  the  average  force  over  one-half  cycle 

is  one-half  of  (j)  equals, — 

r.  2ir  r-  ypi  .  . 

rave    =    (4) 

100  a  ^^' 

for  (i)  and  (2),  a  and  /  are  in  centimeters,  but  in 
(4)  one  is  in  the  numerator  and  the  other  in  the  denomi- 
nator, and  therefore  they  can  be  expressed  in  inches 


without  altering  i!ie  value  of  /•".  Expressing  the  force 
in  pounds  (4)  becomes, — 

P_  =  '-^'r-N^i (,„) 

a  X  /o' 

In  the  above  expression  /  is  the  average  length  of 
that  part  of  the  coil  on  which  the  force  is  desired,  and  a, 
the  eft'ective  length  of  the  leakage  path,  is  the  percent 
average  width  of  the  primary  and  secondary  coils  plus  a 
small  amount  due  to  the  ends  of  the  leakage  path  = 

5 '■ — ^-    +  —  aniiroximatelv,  where  /(,  and  /(,  are  the 

widths  of  the  primary  and  secondary  coils  and  C  is  the 
distance  from  center  to  center  of  adjacent  coil  groups, 
as  indicated  in  Fig.  i.  The  force  against  the  outer 
group  of  coils  is  that  due  to  the  largest  group.  For  in- 
stance, referring  to  Fig.  3,  each  coil  contains  16.7  per- 
cent of  the  total  turns  of  -either  the  primary  or  sec- 
ondary. Starting  from  the  left-hand  side,  coil  /  =  16.7 
percent  and  coils  2-3-4  =  5°  percent.  Subtracting  i 
from  2-J-4  =  50  —  16.7  =  33.3;  therefore,  the  stress 
between  groups  2-J-4  and  ^-d-y  is  that  due  to  33.3  per- 
cent of  the  total  numl)er  of  turns.  This  should  be  used 
for  jV  in  (4a)  to  get  the  force  against  the  support  on  the 
left  of  coil  /,  or  that  against  the  right  of  coil  /_'. 

Usually  the  force  on  that  part  of  the  coils  within  the 
iron  of  shell  form  transformers  is  not  of  great  impor- 
tance, as  the  comjjression  of  the  coils  and  spacing  strips 
between  coils  is  well  within  a  safe  limit,  and  the  iron 
]ninchings  forming  the  ends  of  the  opening  will  resist 
the  tendency  of  that  part  of  the  coils  to  move  outwardly. 
Thai  [(art  of  the  coils  that  extends  beyond  the  iron, 
however,  must  be  supported  by  some  method  of  clamp- 
ing or  bracing.  A  very  effective  method  of  bracing  this 
part  of  the  coils,  and  one  that  is  fre(|uently  used,  is  illus- 
trated in  Fig.  4.  It  consists  of  heavy  wooden  blocks 
backed  with  boiler  plate  placed  against  the  outer  face 
of  the  coils.  Structural  iron  channels  or  angles  extend 
across  the  block,  and  tie  rods  extend  from  the  ends  of 
one  structural  iron  brace  to  the  aids  of  the  other.  With 
this  method  of  bracing  the  frames  supporting  the  core 
receive  no  stresses  from  the  winding.     .Also,  there  is  no 


FIG.  4 — METHOD  OF  BRACING  END  WINDINGS  OF  A  SHELL-TYPE 
TRANSFORMER 

tendency  to  distort  the  coils,  since  there  is  always  an 
equal  and  opposite  force  against  the  outer  coils  on  each 
side  of  the  transformer. 

In  the  "core  form"  of  transformer  with  cylindrical 
concentric  coils,  the  force  between  primary  and  second- 
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ary  is  radial.  The  force  on  the  inner  coils  is  toward  the 
core  (one  of  cempression),  and  on  the  outer  coils  is 
away  from  the  core  (one  of  tension).  If  the  electrical 
centers  of  the  primary  and  secondary  windings  coincide 
there  is  no  force  tending  to  move  the  coils  in  a  direction 
parallel   to   their   axis,   and   therefore   no   necessity    for 


iti 


FIG.  5 


FIG.  6 


Figs,  s  and  6 — Diagram  of  meclianical  stres.ses  between  pri- 
mary and  secondary  coils  in  a  core-type  transformer,  when  the 
electrical  centers  coincide  (Fig.  5)  and  when  they  do  not  coin- 
cide (Fig.  6). 

bracing  against  end  thrusts.  The  compressive  and  ten- 
sile strength  of  the  coils  are,  in  general,  ample  to  resist 
the  radial  forces.  If  the  coils  are  rectangular,  the  force 
between  coils  tends  to  force  the  outer  coil  into  cylindrical 
shape.  In  large  units  this  force  may  be  large  enough  to 
injure  the  coils.  Small  units,  however,  can  be  built  of 
rectangular  coils  and  safely  withstand  the  short-circuit 
stresses. 

It  is  a  very  difficult  matter  to  have  the  electrical  cen- 
ters coincide  under  all  conditions,  especially  when  the 
windings  have  taps  provided  for  changes  in  voltage. 
When  the  centers  do  not  coincide,  the  mechanical  force 
tending  to  separate  the  primary  and  secondary  windings 
can  be  resolved  into  two  components,  one  radial  and  the 
other  parallel  with  the  axis  of  the  coils.  It  requires  only 
a  slight  shifting  of  these  centers  to  produce  an  enormous 
force  tending  to  move  the  coils  in  a  direction  parallel 
with  their  axes. 

The  radial  force  in  pounds  between  coils,  Fig.  5,  is 

^ ,    „         1. 41  r-  X- 1      ,        ,  .     , 

approximately  /^avc  =  —.  where  /  is  the  aver- 

age length  of  turns  in  both  coils  and  a  is  the  effective 
length  of  the  leakage  path,  both  dimensions  being  in  the 
same  units.  With  the  electrical  centers  shifted,  as  indi- 
cated in  Fig.  6,  the  total  force  will  be  approximately 
the  same  as  above,  but  the  radial  force  now  is  Fave  cos  9 
and  there  will  be  an  end  thrust  on  the  coils  of  P^vesin  6. 
It  is  sometimes  a  difficult  matter  to  brace  the  coils 
against  this  end  thrust  without  materially  interfering 
with  the  ventilating  ducts  for  the  windings. 

Another  phase  of  mechanical  stress  that  should  be 
taken  into  consideration  in  the  design  of  transformers 
is  the  force  on  the  leads  extending  from  the  coils  to  the 
outlet  connections.  This  is  of  importance  only  where 
large  currents  are  involved.  Since  under  short-circuit 
conditions  the  current  may  reach  20  times  normal  value 
or  more  in  large  transformers  of  low  voltage,  the  me- 
chanical force  on  the  leads  may  be  of  sufficient  magni- 
tude to   wreck   the   supports,   unless   they    are   liberally 


designed.    This  force  can  be  calculated  in  the  following 
manner : — 

Let  /  be  the  length  of  the  leads  and  a  their  separation 
center  to  center,  I^  the  current  in  one  lead  and  I,  the 
current  in  the  other  in  amperes.  Then  with  no  iron 
around  the  leads,  which  is  generally  the  case,  the  flux 

density  at  lead  J  due  to  lead  /  =  B  =  4  ■^   ^2   x  L 

2  T  a  X  10  ' 
where  a  is  in  centimeters.  The  force  in  dynes  on  lead  2 
either  attraction  or  repulsion  = 


(5) 


10  a  X  100' 

in  which  /  and  a  are  both  to  be  expressed  in  the  same 
units.  This  gives  the  maximum  force.  The  average 
for  a  cycle  is  one-half  of  this.  The  average  force  in 
pounds  is, — 

J^ave    = — : f  ^(7^ 

44S  a  X  icy  ^•'"'' 

If  /i  and  L  are  the  currents  in  the  leads  at  opposite 
ends  of  the  same  winding,  the  force  will  be  one  of  re- 
pulsion. In  this  case  /,  =  /„  or  the  force  varies  with 
/,•  If  /i  and  /,  are  in  the  leads  of  the  same  polarity  the 
force  will  be  one  of  attraction.  If  /,  and  L_  are  in 
dift'erent  phases  of  a  three-phase  transformer,  then  the 
force  is  one  of  attraction  if  the  currents  are  60  degrees 
apart,  and  one  of  repulsion  if  120  degrees  apart.  When 
the  leads  under  consideration  are  in  different  phases  of 
a  polyphase  transformer,  then  the  force,  whether  attrac- 
tive or  repulsive,  is  proportional  to  the 
product  of  the  currents  multiplied  by  the 
cosine  of  the  time  angle  between  the  cur- 
rents. The  force  can  therefore  be  ex- 
pressed as  one  of  attraction,  as  it  is  at- 


h-H 


traction  for  all  angles  less  than  90  degrees,  fig,  7— cross- 

and  for  angles  greater  than  00  degrees  the  section  of 

.                .                     ,                     ,  RECTANGULAR 

cosme  IS  ot   a  minus  value,  and  a  minus  tr.\nsformer 

attraction  is  a  repulsion.     The  expression  leads 
then  for  the  force  between  two  conductors  carrying  cur- 
rents of  the  same  frequencv  is, — 


Pave  {attraction)   = 


2  Lhl  Cos  6 


.{6) 


445  a  X  10^ 

Equation  (6)  is  applicable  when  the  leads  are  cir- 
cular or  if  of  rectangular  shape  when  they  are  sep- 
arated several  times  their  width  (when  a  in  Fig.  7  is 
several  times  b).  \\'hen  the  leads  are  rectangular  and 
close  together,  as  shown  in  Fig.  7,  the  force  can  be  calcu- 
lated by  the  following  expression  : — 


Pave  {attractio}!)   = 


2  /,  I2  cos  6  al 


where  the   angle 


tan-'  - 
a 


tan 


445  b-  X  icfi 

■  is  in  radians.   When  a  is  con- 


siderably larger  than  /',  log  t  i[    +  —)  is  approximately 

zero    and   fair'-  —  is  approximately  equal  to  —  .     Under 

these  conditions  (7)  takes  the  same  form  as  (6).  The 
derivation  of  equation  (yj  is  rather  long  and  compli- 
cated and  is  not  suitable  to  be  given  here. 


Notes  on  Industrial  Motor  Insulation 
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T]\\:  slots  ot  a  nioior  or  tjenerator  are  usually  made 
just  large  enough  to  fit  tlie  insulated  coil.  The 
aj)j)roxiniate  proportions  of  tlic  slot  required  to 
get  the  desired  performance  are  known,  and  the  con- 
ductors must  therefore  be  so  arranged  that  they  will  suit 
that  slot.  For  this  reason  rectangular  ribbons  are  used 
extensively  at  the  present  time.  Square  wires  have 
slightly  better  space  factors,  hut  ihey  cannot  always  be 
arranged  in  the  slot  so  well.  Since  square  wire  or  ribbon 
is  not  obtainable  in  the  smaller  sizes,  round  wire  must 
be  used. 

Usually  the  small  and  medium  size  conductors  are 
insulated  from  each  other  by  la\ers  of  cotton  covering 
around  tlic  conductors.  Single  cotton-covered  wire  is 
used  where  the  wire  is  bent  over  simple  heiuls  onlv  and 
the  maximum  voltage  between  any  two  adjacent  con- 
ductors is  very  low,  such  as  in  field  coils.'  Double  cotton- 
covered  conductors  are  used  on  nearly  all  alternating- 
current  motor  coils  and  direct-current  motor  armature 
coils,  and  they  can  be  bent  around  comjilex  forms. 
1  riiile  cotton-covered  conductors  are  usualh'  used  where 
the  maxinnim  voltage  between  adjacent  turns  is  too  high 
for  the  double  cotton  covering,  such  as  on  high-voltage 
motors  and  oibers  which  ;ire  subjected  to  line  surges. 
The  .alternate  layers  of  this  cotton  covering  are  alwavs 
wound  around  the  conductors  in  the  opposite  direction 
from  the  preceding  laver. 

When  the  conductors  are  large  or  of  strap  shaj^e 
(such  as  J<4  by  yi  in.  or  %  by  i  in.),  cotton  covering 
cannot  be  used,  as  it  would  tear  during  the  ])rocess  of 
bending  the  coil  to  the  correct  shape.  Such  coils  are 
formed  f)f  bare  strap  and  insulated  afterwards.  On  the 
parts  of  the  coil  not  in  the  .slot  this  insulation  usually 
consists  of  a  layer  of  cotton  tape,  but  mica  tape  is  used 
for  higher  temperatures.  Since  the  part  of  the  coil  in 
the  slot  is  straight,  these  straps  can  be  insulated  from 
each  other  by  interweaving  between  tlicni  the  wrapjjcr 
that  is  used  as  the  main  insulation  over  that  part  of  the 
coil.  A  coil  that  is  completely  formed  and  insulated 
before  it  is  inserted  into  the  slot  is  the  best  tvpe  of  coil 
from  an  insulation  standpoint. 

A  gnni|)  of  small  conductors  com|)osing  a  coil  must 
be  held  firmly  together  so  that  the  coil  can  be  h.indled 
when  applying  the  outside  insulation  and  so  it  will  keep 
its  exact  shape.  The  simplest  manner  of  accomi)lishing 
this,  and  at  the  same  tim<  using  up  the  lea.st  amoimt  of 
slot  space,  is  by  wrappin-  a  perforated  sheet  of  thin 
paper  around  it.  or  else  b\  placing  a  shellaced  strip  of 
paper  between  the  layers,  the  paper  cell  being  perforated 


so  that  the  varnish  or  gum  with  which  the  coil  is  later 
treated  will  penetrate  into  all  parts  of  the  coil. 

In  order  to  obtain  good  electrical  performance  it  is 
important  that  the  amount  of  insulation  in  the  slot  be  re- 
duced to  a  mininunn  and  yet  have  a  reasonable  factor  of 
safety.  The  slot  portion  of  most  coils  can  be  insulated 
more  effectively  in  a  given  space  with  a  wrapper  than 
with  tape.  It  is  customary  to  use  1.3,  2.5,  3.5,  etc., 
turns  of  wrapper  instead  of  even  turns,  because  if  the 
insulation  does  not  lap  there  will  be  a  weak  spot  on  that 
side,  and  if  it  is  only  lap])ed  slightly  the  current  may 
creep  under  it.  This  small  space  factor  is  not  so  impor- 
tant on  the  ends  of  the  coils  and,  as  flexible  tape  is  the 
only  satisfactory  insulation  to  use  around  bends,  the 
end  ])ortions  of  coils  are  usually  insulated  with  a  treated 
tape,  sfimctimes  called  enqjire  tape  or  varnished  cambric. 
This  tape  has  a  very  high  dielectric  strength,  is  elastic, 
is  quite  strong  and  has  a  long  life.  All  of  this  tape  is 
half  overlapped,  since  it  is  depended  upon  for  dielectric 
strength.  Usually  the  same  kind  of  insulation  is  used 
for  low  voltage  motors  as  for  hi,gh  volta.gc,  the  only  dif- 
ference being  the  quantity  used. 

The  wrapjier  on  the  slot  jiortion  and  the  treated  tape 
on  the  ends  of  the  coil,  if  not  damaged,  are  sufficient  to 
withst;md  all  dielectric  strains,  but  they  nuist  be  ])ro- 
tected  from  dirt  and  mechanical  injury  while  the  coils 
are  being  handled  in  the  storerooms,  in  the  winding  de- 
partment and  even  after  being  wound  in  the  machine. 
Therefore,  the  coils  are  all  ta])ed  with  a  layer  of  cotton 
tape  which  is  half-overlapjied  on  the  ends,  but  not  lapped 
over  the  slot  portion  of  coil.  This  tape  is  lajjiied  on  the 
ends,  because  this  part  of  the  winding  is  more  exposed, 
and  is  suljject  to  more  mechanical  abuse  caused  by  band- 
ing or  roping,  and  also  because  this  tape  is  a  strong  pro- 
tection against  moisture  or  fumes  when  properh-  filled 
with  good  insulating  varnishes. 

Tough  paper  cells  are  placed  in  the  slots  into  which 
the  coils  are  jilaced.  Their  function  is  to  |)revent  the 
coil  insulation  from  being  damaged  by  the  laminations 
in  the  core  and  at  the  same  time  to  facilitate  the  wind- 
ing. This  operation  can  be  done  more  easily  if  the  cells 
and  coils  are  di]i]ied  in  or  rubbed  with  paraffine. 

.\t  the  joint  between  the  insulation  on  the  ends  and 
on  the  slot  portion  there  is  usually  a  bulge,  as  well  as  the 
])Ossibility  of  a  weak  spot.  If  the  bulge  on  the  toji  coil  of 
the  slot  comes  directly  over  the  bulge  on  the  bottom  coil 
more  s]);ice  must  be  allowed  in  the  slot  than  necessary,  or 
else  the  insulation  will  be  strained  by  the  bending  of  the 
coils.    There  is  also  full  voltage  between  the  toj)  coil  in 
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the  slot  and  the  bottom  coil  in  the  slot.  For  these  reasons 
it  is  customary  to  have  a  longer  extension  of  the  top  coil 
beyond  the  core  than  of  the  bottom  coil,  which  also  pre- 
vents interference  where  coils  cross  over  each  other. 

Since  there  is  always  a  dielectric  strain  between  the 
windings  and  the  frame,  a  high  insulation  test  must  be 
made  to  assure  that  there  are  no  weak  points  in  the  insu- 
lation. The  ends  of  the  coils  are  seldom  insulated  as 
well  as  the  slot  portion,  and  therefore  the  insulation  on 
the  slot  portion  of  the  coil  must  extend  some  distance 
beyond  the  core  to  withstand  the  insulation  test  and 
also  to  prevent  creepage  when  the  coils  are  covered 
with  moisture,  dirt.  etc.  This  distance  depends  on  the 
voltage. 

A  question  that  frequently  arises  is  whether  the 
insulation  used  is  sufficient  or  whether  it  appears  to  be 
too  safe.  Operating  engineers  usually  think  that  a  ma- 
chine cannot  be  too  well  insulated,  but  at  the  same  time 
wants  the  very  best  electrical  performance.  When  de- 
signing a  machine  to  get  the  best  possible  electrical  per- 
formance, the  space  for  insulation  must  be  kept  to  the 
minimum,  so  that  it  will  not  replace  space  that  might 
have  been  used  for  copper  or  iron.  If  a  certain  standard 
method  of  insulating  has  successfully  stood  up  for  years 
on  thousands  of  motors  it  is  the  best  possible  argument 
that  it  is  sufficient. 

There  is  a  strong  tendency  to  regard  only  the  dielec- 
tric strength  of  insulation  and  forget  its  mechanical 
functions.  Occasionally  some  one  asks  why  it  would  not 
be  satisfactory  to  use  only  a  piece  of  very  thin  paper 
around  the  coil  for  a  220  volt  application,  since  the 
pai)er  will  stand  1000  volts.  This  cannot  be  done  for 
mechanical  reasons,  first  on  account  of  manufactur- 
ing difficulties  in  making  coils  and  assembling  them 
into  the  core,  and  second,  on  account  of  operating  con- 
ditions. 

Since  the  coil  would  fit  tightly  in  the  slot  (the  only 
consideration  in  reducing  the  amount  of  insulation  is  to 
get  the  maxinuim  amount  of  copper  and  iron)  the  insu- 
lation would  break  if  thin,  and  therefore  be  of  no  value. 
Also,  as  the  last  throw  of  coils  is  placed  in  any  machine, 
the  coils  are  distorted  and  mechanically  strained  so  that 
the  insulation  will  crack  if  it  is  not  tough  and  flexible. 
As  soon  as  any  insulation  is  cracked,  most  of  its  dielec- 
tric strength  is  gone. 

Suppose,  however,  that  the  apparatus  could  be  manu- 
factured satisfactorily  and  consider  it  in  operation.  If 
a  conductor  carrying  current  is  placed  in  a  magnetic 
field,  this  field  tends  to  push  that  conductor  out  of  the 
field  sidewise.  In  a  direct-current  motor,  the  conductors 
press  on  the  sides  of  the  slots.  Thus  the  insulation  on 
the  conductors  and  around  the  part  of  the  coil  that  is  in 
the  slot  must  resist  a  mechanical  strain.  The  same 
action  is  true  of  the  stator,  as  well  as  the  rotor  of  an 
induction  motor,  and  there  is  a  similar  action  in  a  gen- 
erator. 

In  addition  to  this  action,  all  rotating  armature  coils 
must  resist  the  centrifugal  forces  tending  to  throw  them 
out  of  the  slot  and  the  vibration  of  the  machine.     For 


these  reasons  all  coils  should  be  tight  in  the  slots  for,  if 
there  is  any  movement,  it  is  only  a  (juestion  of  time  until 
the  chafing  will  wear  through  the  insulation  or  crack  it 
to  pieces. 

Other  points  that  require  attention  are, — high  tem- 
perature, dirt  or  dust,  moisture,  oil,  acid  and  alkali 
fumes,  exceptional  mechanical  strain  and  general  deteri- 
oration. High  temperature  deteriorates  insulation  by 
causing  it  to  become  brittle  and  to  shrink,  and  conse- 
quently lose  its  mechanical  strength  and,  if  sufficiently 
high,  will  completely  carbonize  it.  It  is  especially  essen- 
tial in  these  cases  to  have  the  coil  fit  very  tightly  in  the 
slot  and  have  the  least  amount  of  combustible  material 
in  the  coil,  so  that  the  coil  will  not  become  loose  if  part 
of  it  shrinks  or  becomes  carbonized.  This  is  possible 
even  if  the  coil  is  originally  very  tight  in  the  slots,  be- 
cause insulation  has  the  characteristics  of  a  cushion  or 
spring  under  compression,  which  is  slightly  decreased 
when  jxirt  of  the  insulation  is  carbonized. 

Fine  mill  dust  or  other  abrasive  material  may  work 
its  way  gradually  between  coils,  if  the  windings  are  not 
well  protected.  When  a  motor  is  blown  out  with  com- 
pressed air  some  of  these  particles  are  carried  farther 
in.  As  particles  of  mill  dust  are  sharp,  they  become 
embedded  in  the  tape,  especially  if  it  is  not  thoroughly 
filled  with  varnish,  and  when  damp  there  may  be  a  slight 
leakage  of  current  followed  by  a  short-circuit  between 
the  coils.  When  blowing  out  the  dust  from  machines, 
a  pair  of  bellows  such  as  is  used  by  a  blacksmith  is  excel- 
lent, as  the  pressure  is  not  too  high  and  there  will  be  no 
moisture  present. 

]\Ioisture  must  always  be  protected  against  by  giving 
the  coils  a  thorough  treatment  of  an  insulating  varnish 
or  gum.  For  general  a])plication  coils  should  be  given 
two  treatments.  The  first  is  to  cover  the  inside  insula- 
tion used  between  conductors  and  should  be  applied  be- 
fore the  wrapper  or  tape  on  the  ends  is  applied.  After 
the  coil  is  completely  insulated  it  should  be  given  another 
treatment  to  protect  the  outside  insulation.  This  treat- 
ment also  protects  against  dirt,  as  it  will  not  cling  to 
or  penetrate  a  smooth  varnish  coating,  and  it  also  makes 
the  insulation  resist  heat  better.  When  the  windings 
must  withstand  moisture  conditions  that  are  more  severe 
than  usual,  additional  impregnating  treatments  should 
be  applied.  These  may  be  applied  to  the  coils  individ- 
ually, if  winding  space  will  permit,  or  liy  dipping  the 
complete  winding,  or  a  combination  of  both  methods, 
ilepending  on  the  application. 

Oil  dissolves  certain  varnishes  and  gums  and  also 
deteriorates  rubber :  consequently  an  oil-proof  varnish 
should  be  chosen  for  the  outside  coating  of  coils,  and 
rul.)ber  insulated  cable  should  not  be  used  on  apjiaratus 
under  oil.  such  as  induction  regulators. 

Acid  and  alkali  fumes,  unless  very  weak,  injure 
most  of  the  standard  insulating  materials  very  rapidly. 
It  is  therefore  necessary  to  keep  the  fumes  from  reach- 
ing the  materials  which  are  afl'ected.  This  is  usually 
done  by  applying  a  number  of  additional  treatments  of 
acid   or  alkali   resisting   varnishes   to   all   parts  of   the 
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winding.  One  important  point  not  always  recognized  is 
that  a  varnish  or  other  material  that  is  not  of  itself 
injured  by  the  fumes  does  not  necessarily  protect  the 
winding.  That  is,  the  fumes  may  get  under  the  protec- 
tive coatings  or  may  go  through  them  on  account  of  their 
p«rous  nature  and,  although  attacking  the  winding  itself, 
have  no  noticeable  effect  on  the  protective  coating. 

For  very  high  speed  service,  reversing  service,  sud- 
den stopping,  starting  with  heavy  load,  or  severe  vibra- 
tion, all  windings  must  be  braced  very  rigidly  ;  otherwise 
the  coils  will  chafe  and  eventually  break  down.  If  the 
winding  chafes,  adding  more  insulation  does  not  neces- 
sarily remedy  it.  The  main  thing  is  to  eliminate  the 
rubbing  action. 


When  considering  the  life  of  a  motor  the  deteriora- 
tion of  the  insulation  must  be  considered.  Flexible 
treated  insulating  material  loses  much  of  its  dielectric 
strength  if  stretched,  and  its  life  is  also  shortened.  If 
old  paper  documents,  etc.,  are  examined,  it  may  be  ob- 
served that  they  have  been  discolored  and  have  become 
weaker  with  age.  If  dampness,  or  temperatures  of  much 
over  100  degrees  C.  are  applied,  this  deterioration  is 
accelerated  very  rapidly.  As  it  is  desirable  to  operate 
motors  occasionally  at  these  temperatures,  it  may  be 
done,  but  it  will  tend  to  shorten  the  life.  While  motors 
may  be  operated  at  such  temperatures,  it  should  be 
borne  in  mind  that  such  operating  conditions  shorten 
the  life  of  the  insulation,  and  hence  of  the  motor  itself. 


The  Engineering  Evolution  of  Electrical 

Apparatus— XVIII 

THE  HISTORY  OF  THE  ARC  LAMP— (Co«/.) 
F.  CoNR.\D  and  W.  .\.  D.^rr.xh 


THE  arc  lamps  hitherto  discussed  marked  important 
stages  in  the  development  of  the  arc  lamp,  but 
were  not  extensively  used  commercially  in  this 
country.  The  years  1880  to  1893  witnessed  a  very  con- 
siderable activity  in  arc  lamp  construction  with  the  nat- 
ural improvement  and  refinement  of  design.  No  impor- 
tant advance  in  type  was  made,  although  the  principles 
of  the  arc  were  being  more  fully  investigated.  During 
this  period  the  Brush,  Thomson-Houston,  W'eston  and 
Waterhouse  systems  were  commercialized,  and  today,  in 
spite  of  the  far-reaching  advances  made  since  that  time, 
these  systems  stand  out  as  masterpieces  of  pioneer  engi- 
neering development. 

The  early  development  of  the  arc  lamp  on  a  com- 
mercial basis  took  place  in  America  and  may  be  said  to 
have  begun  with  the  activities  of  Mr.  Charles  T.  Brush, 
of  Cleveland.  The  Brush  lamp  in  its  finalcondition  was 
a  simple  and  reliable  mechanism,  although  this  result 
was  not  achieved  without  many  discouraging  troubles 
and  many  painful  but  valuable  experiences  with  irate 
customers.  As  previously  stated,  Mr.  Brush  was  the 
American  pioneer  in  the  use  of  the  differential  principle, 
which  allowed  a  numljer  of  lamps  to  be  operated  in 
series  on  the  same  constant-current  circuit.  In  1877  he 
took  out  patents  on  a  lamp  which  embodied  numerous 
im])rovcmcnts  over  anylliing  previously  known.  In  ad- 
dition to  the  differential  principle,  this  lamp  was  one  of 
the  first  to  substitute  for  the  rack  and  pinion  or  clock- 
work feed,  the  brass  rod  and  ring  clutch,  which  later 
came  into  very  general  use.  The  introduction  of  a  ring 
clutch  was  a  hold  advance,  and  one  which  at  the  start 
caused  Mr.  Brush's  competitors  no  small  satisfaction,  as 
they  anticipated  its  failure.     Conditions  were  soon  re- 


versed, however,  and  it  is  safe  to  say  that  the  simplicity 
of  construction  which  this  feature  allowed  was  in  a 
measure  responsible  for  the  survival  of  the  Brush  lamp 
in  a  field  which  was  rapidly  becoming  thronged  with 
active  competitors.  While  the  Brush  lamp  presented 
many  imique  features,  such  as  a  very  ingenious  device 


FIG.    13 — DI.\CR.\M    01     E.\RI.V    BRUSH    DIFFERUNTI.XL   .\RC   LAMP 
Mi:CH.\XISM 

for  transferring  the  arc  from  one  set  of  carbons  to  an- 
other, a  well-designed  cut-out,  etc.,  the  clutch  was  per- 
haps the  greatest  advance.  One  other  notable  improve- 
nient  in  arc  lighting  is  generally  accredited  to  Mr.  Brush, 
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and  that  is  the  use  of  a  thin  layer  of  copper  plate  on  the 
carbons.  While  in  Europe,  owing  to  the  lower  costs  of 
labor  and  material,  it  was  possible  to  use  carbons  of 
excellent  quality  made  from  a  good  grade  of  lamp  black, 
American  conditions  required  the  use  of  a  cheaper  car- 
bon, composed  chiefly  of  coke.    As  a  result,  the  texture 


FIG.    14 — E.\RLV    BRUSH    DOUBLE   CARBON    LAMP — loSQ 

of  American  carbons  of  this  period  was  not  homogene- 
ous, their  dimensions  were  not  uniform,  their  resistance 
was  high  and  varied  considerably  and  they  were  subject 
to  "flaming"  or  rapid  burning,  due  to  the  presence  of 
soft  spots.  Owing  to  the  high  surface  resistance  of  the 
carbons,  contact  with  the  carbon  holder  was  uncertain, 
and  many  lamp  manufacturers  racked  their  brains  in 
vain  for  a  method  of  construction  which  would  avoid 
the  difficulty.  It  remained  for  Mr.  Brush  to  perceive 
and  remedy  the  trouble  by  copper  plating  the  carbon  in- 
stead of  redesigning  the  lamp. 

Another  interesting  feature  of  the  effect  of  the  car- 
bons upon  arc  lamp  design  is  the  fact  that  even  the 
Brush  lamp  could  have  been  much  simplified  had  it  been 
practical  to  control  the  feeding  of  the  carbons  by  a  clutch 
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FIG.   15 — E.-VRLY   BRUSH   CONSTANT   CURRENT   DYNAMO 

acting  directly  upon  them  instead  of  upon  a  long  rod. 
Owing  to  mechanical  variations,  however,  this  was  im- 
practical until  the  introduction  of  the  enclosed  carbon 
arc  of  the  following  period  made  possible  the  use  of  a 


higher  grade  and  more  expensive  carbon.  As  a  result, 
practically  all  of  the  lamps  used  in  these  days  were 
equipped  with  the  long  characteristic  rod  projecting 
above  the  lamp. 

The  mechanism  of  the  Brush  lamp  is  shown  schemat- 
ically in  Fig.  13,  the  series  and  shunt  magnets  being 
wound  in  opposite  directions  on  the  same  bobbins. 
^^'hen  the  current  was  first  started  the  carbons  were  in 
contact  and  there  was  no  potential  across  the  shunt  coil. 
The  series  turns  lifted  the  core  of  the  magnet,  causing 
the  clutch  to  engage  the  rod  lifting  the  upper  carbon. 
As  the  arc  lengthened  the  voltage  across  the  arc,  and 
hence  across  the  shunt  coil,  increased,  its  flux  bucking 
that  of  the  series  turns  until  a  point  of  equilibrium  was 
reached.  As  the  carbons  were  consumed  the  increasing 
arc  voltage  weakened  the  magnet,  allowing  the  upper 
carbon  to  feed  slowly  downward  until  finally  the  clutch 
hit  a  stop,  allowing  the  carbon  rod  to  slip  through, 
whereupon  the  magnet  was  immediately  strengthened 
and  the  core  ])ulled  up  as  before.  If  for  any  reason, 
such  as  a  defect  in  the  mechanism  or  burning  out  of  the 


FIG.    16 — BRUSH    MULTIPOLAR    ARC    GENERATOR 

carbons,  the  arc  voltage  became  excessive,  the  shunt 
winding  on  the  magnet  cutout  coil  pulled  up  its  arma- 
ture, short-circuiting  the  arc.  This,  of  course,  immedi- 
ately weakened  the  shunt  current,  but  enough  series 
turns  were  wound  on  this  coil  to  hold  the  armature  in 
place  after  it  had  once  closed.  The  double  carbon  lamp 
did  not  require  any  additional  parts  except  the  additional 
carbon  rod,  for  the  same  regulating  mechanism  con- 
trolled both  sets  of  carbons.  The  two  sets  of  carbons 
were  connected  in  parallel,  but  the  clutch  on  one  was  set 
higher  than  on  the  other,  so  that  one  pair  of  carbons  was 
separated  before  the  others.  As  the  gap  between  the 
two  carbons  was  shunted  by  the  other  pair  no  arc  was 
struck  until  the  second  pair  of  carbons  separated.  Only 
when  this  second  set  of  carbons  had  been  completely 
exhausted  was  an  arc  drawn  between  the  first  pair.  To 
prevent  the  carbon  rod  from  dropping  too  suddenly 
when  feeding  it  was  made  hollow,  filled  with  glycerine 
or  some  other  viscous  fluid  and  a  piston  rod  attached  to 
the  top  of  the  rod  cylinder  slid  inside.     In  later  models 
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and  in  most  other  lamps  this  device  took  the  form  of 
the  more  famihar  external  dash  pot. 

One  of   the  earliest    forms   of   Brush   generator   is 
shown  in  Fig.  15.     A  peculiarity  of  this  generator  was 


layers  of  the  coils  were  permanently  joined  together, 
while  the  three  outer  ends  were  carried  to  three  com- 
mutator segments.  Four  sjiring  copper  brushes  collected 
the  current,  the  spacing  of  the  brushes  and  their  position 


that  neighboring  bobbins  (or  armature  coils)  were  not     on  the  commutator  serving  to  regulate  the  current.    The 
connected  together,  but  diametrically  opposite  ones  were, 
each  diametrically  opposite  pair  of  bobbins  being  con- 
nected to  a  separate  commutator,  so  that  there  were  as 
many  separate  comnuitators  as  pairs  of  bobbins.     Ry 


FIG.   17 — REGULATOR  FOR  BRUSH   MULTIPOLAR  ARC  GENERATORS 

this  arrangement  all  the  pairs  of  bobbins  were  never  in 
service  at  once;  the  circuit  of  that  pair  which  was  pass- 
ing through  the  neutral  zone  of  the  field  circuit  being 
open.  These  generators  were  simply  built  and  cheap  to 
maintain.  .A  later  form,  with  its  automatic  regulator,  is 
shown  in  Figs.  16  and  17. 

Contemporaneously  with  the  Brush  system,  the  joint 
inventions  and  eii'orts  of  Professor  Elihu  Thomson  and 
I'-dwin  J.  Houston  in  designing  generators,  regulators 
and  arc  lamps  resulted  in  one  of  the  notable  systems  of 
this  period,  and  the  combination  of  scientist,  engineer 
and  business  executive  which  resulted  from  the  associa- 
tion of  these  two  men  was  most  fortunate.  The  Thom- 
son, or  as  it  was  later  called  Thomson-Houston  gener- 
ator. Fig.  18,  was  one  of  the  simplest  and  most  ingeni- 
ous which  had  been  constructed  up  to  this  time,  although 
its  mechanical  construction  unfortunately  was  such  that 
its  development  in  large  capacities  was  fundamentallv 
limited.    -\  hollow  spherical  armature  core,  composed  of 


FIG.    l8 — THOMSON   SPHERICAL  AK.MATURE  CONSTANT-CURRENT 
GENERATOR 

With  electromagnet  for  automatically  shifting  the  brushes. 

soft  iron  wire  sui)ported  on  a  series  of  bridges,  was 
wound  with  insulated  copper  wire,  arranged  in  three 
coils  so  located  as  to  follow  each  other  120  electrical  de- 
grees apart,  thus  forming  what  wnnkl  now  be  considered 
a  three-phase  winding.     The  three  ends  from  the  inner 


FIGS.    19   and   20 — DOUBLE   CARBON    TUO.MSON-HOUSTON    ARC    LAMP 
AND   DI.VGRAM   OF  LAMP  CIRCUITS 

brushes  were  controlled  by  the  movement  of  a  core  in  a 
solenoid  mounted  on  the  frame.  An  ingenious  blower 
mounted  inside  the  commutator  provided  a  puff  of  air 
each  time  the  space  between  commutator  segments 
passed  under  one  of  the  brushes,  blowing  out  the  arc  and 
preventing  flash-overs. 

The  Thomson-Houston  lamp,  Fig.  19,  was  of  the 
clutch  feed  type,  in  which  a  spring  regulating  friction 
clutch  acting  on  a  smooth  brass  rod  controlled  the  feed- 
ing of  the  carbons.  The  clutch  was  supported  on  a 
rocker  arm  pivoted  at  0,  Fig.  20,  which  was  actuated 
by  the  differential  action  of  the  series  and  shunt  mag- 
nets M  and  S.  the  motion  being  modified  b\-  an  air  dash- 


Fic.  21- 


CONNECTIONS   OF    THOMSON'-RICE    SHUNT    CONTROL 
ARC  LAMP 


With  no  current  in  the  lamp  the  carbons  arc  held  separated 
by  a  sjiring.  When  current  passes  througli  the  cutout  circuit  its 
tlux  plus  that  from  the  shunt  circuit  draws  down  the  magnet 
armature,  bringing  the  carbons  together.  The  current  flowing 
through  the  cutout  magnet  in  series  with  the  carbons  interrupts 
the  cutout  circuit  and  allows  the  spring  to  separate  the  carbons 
to  a  distance  which  is  regulated  by  the  shunt  circuit. 
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pot.    A  later  form  of  this  lamp,  Fig.  21,  was  regulated 
entirely  by  the  shunt  coil. 

About  the  period  that  the  Brush  and  Thomson- 
Houston  systems  had  attained  considerable  success, 
there  began  in  the  business  world  the  remarkable  tend- 
ency  toward   comliination   and   organization   which   has 


much  more  modern  machines.  The  Weston  lamp,  Fig. 
27,,  compared  very  favorably  with  any  of  its  competitors 
in  point  of  simplicity  and  compactness  of  design,  and 
shared  with  the  Brush  lamp  the  distinction  of  being  one 
of  the  earliest  lamps  to  employ  the  ring  type  of  clutch. 
Instead,  however,  of  being  in  the  form  of  a  freely  mov- 
able washer  the  clutch  consisted  of  a  pivoted  rod,  having 
as  its  clutch  a  round  hole  with  sharp  corners  which 
gripped  the  rod  holding  the  ui)per  carbon  and  carrie<l  it 
upward,  thus  drawing  the  arc. 

The  Weston  system  was  one  of  the  last  to  cling  to  the 
20  ampere  circuit  with  the  short  hissing  arc  which 
usually  seemed  to  be  playing  hide  and  seek  between  the 
carbons.  Such  arcs  were  not  easy  to  regulate,  and  it 
was  a  rather  common  practice  of  the  repairman  when 
sent  to  correct  trouble  on  a  customer's  lines  to  lengthen 
the  arc  to  about  twice  normal  length  (50  volts)  with  a 
very  material  improvement  in  quantity  and  steadiness  of 
light.  Since  the  margins  of  machine  design  were  not 
well  understood,  it  was  usually  possible  to  secure  the 
increased  voltage  necessary  by  increasing  the  speed  or 
excitation  of  the  machine,  and  as  central  stations  then 


HC.  22 — WESTON  CONSlAiNT-CURRENT  GE.\ER.\T()R 

made  the  United  States  one  of  the  foremost  of  manufac- 
turing nations.  This  tendency  resulted  in  the  association 
of  the  Thomson-Houston  and  the  Edison  companies, 
which  later  absorbed  the  Brush  Company.  The  final 
gradual  development  which  followed  left  the  Brush  as 
the  principal  survivor  of  the  direct-current  systems,  and 
it  now  contained  most  of  the  strong  features  of  each  of 
the  systems  and  few  of  their  weaknesses. 

While  the  Brush  and  Thomson-Houston  companies 
were  learning  that  arc  lamp  design  is  not  without  its 
troubles,  Mr.  Weston  and  Mr.  Waterhouse  were  making 
similar  discoveries.  Both  of  these  systems  possessed 
considerable  merit  and  showed  undoubtedly  the  same 
degree  of  insight  and  originality  of  their  competitors. 
The  same  tendency  toward  combination  soon  resulted  in 
the  association  of  the  Weston  and  Waterhouse  systems 
with  the  Wcstinghousc  Companv. 

FlC.   24 — W.\TKRHOUSE   CONST.\NT-CURRENT    .\RC   UVN'AMO 

did  not  try  to  account  for  every  pound  of  steam  pro- 
duced, the  result  was  a  very  greatly  improved  illumina- 
tion, a  satisfied  customer,  and  a  lamp  consumption  of 
about  one  and  a  half  kilowatts. 

The    Waterhouse    system    was    one    of    the    well- 
designed  and  reliable  types  of  this  period.     It  was  one 
of  the  first  to  adopt  the  10  ampere,  50  volt  arc  with  a 
consumption  of  energy  varying  from  40  to  60  percent 
of  the  contemporary  20  ampere  systems.     The  lamps 
were  of  the  "sneak feed"  type,  the  carbons  being  con- 
trolled either  by  a  rack  and  pinion  or  ring  clutch.     .\n 
air  dash-pot  supplied  the  dam]jing,  thus  eliminating  the 
glycerine  or  oil  dash-pot  of  contemporary  lamps.     This 
company  also  put  on  the  market  apparatus   for  a  6.6 
ampere  circuit,  being  a  pioneer  in  this  respect.    The  gen- 
erator built  by  the  Waterhouse  Company,  Fig.  25,  was 
remarkable  for  its  simplicity.    The  armature  of  this  ma- 
Perhaps   the   most   striking   difference   between    the     chine  was  of  the  closed  coil  type  wound  on  a  laminated 
W'eston  generator,  Fig.  22,  and  the  majority  of  other     iron   core,    the    design    being   such    that    sparking    was 
machines   of   its   time   was   the   laminated   pole   pieces,     greatly  reduced  and  the  air-blast,  oil  streams  and  the 
which  were  the  forerunners  of  a  similar  construction  in      sparking  reducing  devices  of  other  machines  were  elim- 
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inated.  The  generator  speed  was  ratlicr  low,  making  the 
construction  heavier  and  more  costly  than  modern  de- 
signers would  consider,  but  it  had  the  very  useful  effect 
of  enabling  it  to  carry  large  overloads  by  merely  increas- 
ing its  speed. 

The  regulator  of  the  W'aterhouse  system  was  notable 
for  its  ingenuity  as  well  as  its  practicability.  It  was  en- 
tirely automatic  and  very  rapid  in  responding  to  changes 


current  generators  were  used  to  furnish  constant  cur- 
rent. These  generators  regulated  for  practically  con- 
stant current  by  means  of  high  armature  reaction  and 
reactance.  The  fields  were  separately  excited.  No  regu- 
lators of  any  sort  were  used.  Open  type  carbon  lamps 
were  used  with  this  system.  In  the  earlier  work,  flat 
carbons  similar  to  those  of  the  Wallace  lamp,  Fig.  6, 
were  used  in  order  to  obtain  long  life.  Later  these  were 
abondoned  in  favor  of  the  ordinary  round  carbons.  This 
alternating-current  scries  system  existed  for  several 
years  and  quite  a  large  number  of  machines  were  in- 
stalled. The  generator  was  redesigned  for  self -excita- 
tion. However,  due  to  basic  objections  to  the  open 
alternating-current  lamp  and  to  a  number  of  other  fea- 
tures, this  system  gradually  died  out. 

About  this  time  the  \N'estinghouse  Company  brought 
out  a  direct-current,  constant-current  arc  machine  which 
resembled  in  many  ways  the  Stanley  alternating-current 
generator.    It  had  a  multipolar  field  like  the  alternating- 


FIG.    25 — DI.\GR.\M    OF    ELECTRIC    CIRCUITS    OF    WATERHOUSE 

ARC  DYNAMO 

in  load,  since  it  was  unnecessary  to  shift  the  brushes. 
As  will  be  noted  from  Fig.  25,  regulation  was  obtained 
from  an  auxiliary  brush  located  at  such  a  point  on  the 
commutator  that  the  changes  in  armature  reaction  due 
to  varying  load  changed  the  potential.  The  field  wind- 
ings were  connected  in  series  with  the  pilot  brush  and 
the  field  excitation  made  such  that  the  current  was  main- 
tained constant. 

The  \\'aterhouse  system,  as  well  as  the  ^\'eston  sys- 
tem, was  taken  over  by  the  Westinghouse  Company  in 
i88(),  the  good  features  of  each  being  combined  in  the 


FIG.  26  FIG.  27 

FIG.    26 — WATERHOUSE    DOUBLE-CARBON    ARC    LAMP 
FIG.   27 — EARLY    WESTINGHOUSE   OPEN-CARBON    ARC   LAMP 

Westinghouse  system  which  was  then  commercialized. 
Figs.  27  and  28  illustrate  the  mechanism  employed  in  the 
early  Westinghouse  lamp. 

In  1889  Mr.  \\'illiam  Stanley  devised  a  series  alter- 
nating arc  lighting  system  in  which  special  alternating- 


FIG.  28 — MECHANISM   OF   LAMP  SHOWN   IN   FIG.   28 

current  generators  of  that  time,  and  also  had  a  toothed 
armature  similar  to  the  alternating-current  toothed  arm- 
ature which  was  then  the  usual  practice.  An  eight- 
toothed  armature  was  used  in  a  six-pole  field  and  was 
connected  to  two  special  commutators  in  such  a  way  as 
to  obtain  slightly  pulsating  direct  current.  Regulation 
was  obtained  entirely  by  excessive  armature  reaction, 
the  field  being  separately  excited,  and  no  regulators  of 
any  sort  were  provided.  This  system  was  pushed  ac- 
tively for  several  years,  but,  like  many  other  systems,  it 
went  into  a  decline  when  arc  lighting  from  the  alter- 
nating-current constant  potential  system  began  to  come 
into  general  use.  The  above  two  types  of  arc  lighting 
machines  are  mentioned  in  particular,  as  they  were  the 
only  two  which  regulated  for  constant  current  without 
the  use  of  any  regulating  devices. 

(To  be  continued.) 


Electrical  Appliance  Merchandising 

Joseph  V.  GuiLi'OYtE 

Manager,  The  United  Electric  Shop, 

United  Electric  Light  &  Power  Company,  New  York  City 


AN  APPLIANCE  department  should  be  a  part  of 
the  general  sales  department  of  a  central  station 
and  should  be  under  the  general  supervision  of 
the  sales  manager,  with  a  department  manager  reporting 
to  him  only.  As  a  merchant,  the  manager  should  pur- 
chase those  appliances  and  inaterials  that  by  close  an- 
alysis have  been  found  to  be  what  his  customers  can 
use  to  the  best  advantage  and  which  are  in  great  de- 
mand. All  the  articles  purchased  should  be  carefully 
tested  for  efficiency  and  workmanship.  The  appliance 
manager  should  select  for  stock  only  material  of  the 
highest  quality  and  should  not  be  governed  in  his  pur- 
chases by  the  "get-rich-quick"  tactics  of  the  small  store- 
keeper who  wants  to  clean  up  for  a  while  in  big  sales 
and  then  sell  out  before  his  customers  find  out  what  he 
has  sold  them.  In  other  words,  quality  and  efficiency 
should  govern  the  purchases  rather  than  price  or  any 
prejudice  for  or  against  any  manufacturer. 

POLICY   AND   SERVICE 

The  appliance  department  should  have  a  very  liberal 
policy  concerning  guarantees,  demonstrations,  trials  and 
repairs.  Each  article  sold  should  be  properly  demon- 
strated by  an  intelligent  and  agreeable  demonstrator, 
whether  the  customer  requests  this  service  or  not,  as  in 
so  doing  the  central  station  may  ward  off  complaints 
and  dissatisfaction  due  to  the  purchaser's  lack  of  knowl- 
edge as  to  the  best  and  most  efficient  way  to  connect, 
operate  and  use  the  appliances.  If  a  customer  finds 
that  an  article  purchased  does  not  answer  his  require- 
ments, it  should  be  brought  in  and  credited.  If  any 
article  is  in  need  of  repair,  it  should  at  once  be  brought 
to  the  company's  repair  shop,  thoroughly  overhauled  and 
returned  to  the  customer  quickly.  Some  central  stations 
have  not  appreciated  this  additional  service  that  can  be 
rendered  by  the  appliance  department. 

VALUE  OF  APPLIANCES  TO  THE  CENTRAL  STATION 

That  electric  heating,  cooking  and  operating  devices, 
familiarly  known  as  appliances,  have  been  received  by 
the  public  with  general  favor  is  due  largely  to  the  co- 
operative spirit  of  the  manufacturers  and  central  sta- 
tions. It  has  been  necessary  to  educate  the  public  in  the 
uses  and  advantages  of  the  many  appliances  which  now 
add  materially  to  the  comfort  and  pleasure  of  the  Amer- 
ican home.  The  electric  appliance  is  no  longer  a  novelty 
to  be  placed  on  di,splay  in  the  home  and  to  be  admired 
by  friends  of  the  housewife.  On  the  contrary,  it  has 
become  a  necessity. 

Selling  electrical  appliances  is  but  another  way  of 
selling  electric  current,  and  should  be  a  matter  of  deep 
concern  to  the  entire  commercial  force  of  a  central  sta- 
tion.    In  this  connection  it  is  well  to  remember  that  the 


appliance  which  consumes  the  greatest  amount  of  cur- 
rent is  not  necessarily  the  most  satisfactory  to  the  com- 
pany or  the  customer.  The  highest  efficiency  in  each 
appliance,  coupled  with  high-grade  service,  is  a  combi- 
nation sure  to  develop  the  greatest  satisfaction. 

The  strongest  asset  of  the  appliances  department  is 
the  company's  good-will.  After  this  has  long  been  estab- 
lished, any  article  sold  with  the  company's  stamp  of 
approval  will  be  received  favorably.  The  best  electric 
iron  in  the  country  is  of  no  use  without  a  cord  to  connect 
it  with  the  service.  The  best  appliance  department  is  of 
no  more  use  than  the  iron  unless  every  employee  of  the 
company  will  combine  to  make  it  what  it  is  intended  to 
be — a  real  factor  in  increasing  the  company's  earnings. 
With  the  advent  of  the  more  efficient  low-watt  electric 
lamp,  the  electrical  heating  appliances  have  assumed  an 
important  aspect  as  a  factor  in  offsetting  the  loss  antici- 
pated by  officials  of  every  lighting  company  in  the  coun- 
try. With  the  more  general  use  of  such  appliances  at  a 
tmie  of  day  when  the  company's  generating  plants  are 
relatively  idle  we  will  see  the  interesting  spectacle  of  an 
appliance  load  gradually  developing  a  mountain  where 
now  there  is  a  valley  in  the  load  curve. 

IMPORTANT  FACTORS  IN  ADVERTISING 

The  public  should  be  told  by  continual  and  .system- 
atic method,  and  in  plain  facts  and  figures  by  all  the 
employees  of  the  central  station,  and  in  its  advertising, 
that  the  low-cost,  high-efficiency  lamp  has  removed  elec- 
tricity from  the  list  of  luxuries  and  placed  it  atnong  the 
necessities.  They  ought  to  know,  and  it  is  our  duty  to 
tell  them,  that  in  twenty  years  the  cost  of  living  has 
increased  28  percent,  while  the  average  cost  of  elec- 
tricity has  decreased  over  88  percent.  In  fact,  nearly 
everything  else  which  gives  more  comfort  in  the  home 
has  increased  in  cost,  while  the  cost  of  electricity  has 
continually  decreased.  These  facts  should  be  given  the 
widest  publicity,  and  the  central  station  should  be  the 
message  bearer  to  the  public,  the  only  question  being:— 
What  are  the  most  efficient  modes  of  spreading  this  mes- 
sage? To  begin  with,  it  can  first  be  set  down  that  a  satis- 
fied customer  is  the  very  liest  advertisement  that  any 
central  station  can  have. 

PROPER  HANDLING  OF  COMPLAINTS 

Of  what  use  is  a  high-salaried  advertising  man  or 
sales  manager  if  customers  receive  short,  ill-tempered 
replies  from  a  short-sighted  clerk  at  the  application 
desk,  in  the  showroom,  or  even  from  a  telephone  oper- 
ator? Such  incidents  can  quickly  break  down  all  the 
good  selling  arguments  of  your  best  salesmen.  Your 
sales  manager  is  known  personally  to  comparatively 
few.    Your  president  and  general  manager  cannot  hope 
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to  meet  as  many  of  the  customers  or  possible  customers 
as  he  would  hke,  so  it  remains  for  your  clerks,  meter 
readers,  inspectors,  salesmen,  etc.,  to  convey  the  policies 
of  the  company  to  customers,  and  the  com])any  will  be 
judged  by  the  treatment  the  employees  give  the  public. 
In  some  companies  there  are  many  meetings  of  the  heads 
of  the  department.^  to  talk  over  jjublic  policy  plans,  and 
the  results  arc  excellent.  Yet  how  few  are  the  meetings 
of  the  telephone  operators,  meter  readers,  clerks  and  de- 
livery boys,  who  have  it  in  Iheir  |)o\ver  to  make  or  break 
the  company's  friendship. 

Every  cuslonier  has  a  right  to  courteous  treatment, 
and  the  right  ni;in  handling  coni])laints  can  casilv  turn 


what  was  formerly  antagonism  into  friendship  for  the 
company.  Customers  must  feel,  when  making  a  com- 
plaint, that  they  are  doing  the  company  a  favor.  Many 
comjilaints  give  valuable  suggestions  as  to  defects  need- 
ing attention,  and  we  must  make  it  plain  to  the  cus- 
tomers that  they  should  co-operate  with  us  in  discovering 
any  causes  of  dissatisfaction.  The  moment  you  ask  for 
comi)laints  and  suggestions  for  the  betterment  of  service 
you  will  notice  a  decrease  in  the  number  received.  The 
public  appreciates  a  frank,  open  policy,  and  if  there  is 
any  place  in  the  entire  business  field  where  the  open- 
door  policy  slujuld  [)revail  surely  it  is  in  the  public 
service  cor])or;ition. 


Shunt  Field  Protective  Relays 


I.   H.    .\l.nRECHT 


IT  HAS  been  customary  to  sup[)ly  a  relay  on  motor 
control  jianels  to  open  the  control  circuits  and  stop 
the  motor  in  case  of  failure  of  the  shunt  field.  For 
this  purpose  a  magnet-operated  switch  was  used  with  its 
operating  coil  in  series  with  the  shunt  field  circuit,  the 
control  circuits  for  the  panel  being  carried  through  the 
main  contacts  of  the  switch.  Thus  if  the  shunt  field  cir- 
cuit was  interrupted,  the  relay  would  ojjcn  all  the  control 
circuits,  stopping  the  motor. 

When  this  relay  was  used  in  connection  with  stand- 
ard mill  motors  which  are  compounded  very  heavily, 
having  approximately  70  percent  series  and  30  percent 
shunt  field,  several  cases  arose  where  the  field  relay 
opened  during  the  acceleration  of  the  motor.  The  oscil- 
logram shown  in  i'ig.  i  indicates  the  cause  of  this.    The 


FIG.     I — STARTING    CONnrriONS    IX    .\     125    HORSE-POWER,    230    VOI.T, 
NON-COM  MUT.XTINC-POI.E  MOTOR  WITH  20  PERCENT  SERIES  EIEI.D 

The  top  curve  is  the  shunt  field  current;  the  middle  curve 
is  the  hue  voltage;  and  the  hottom  curve  is  the  main  line  volt- 
age. This  motor  had  a  much  lighter  series  field  than  the  usual 
type  of  mill  motor. 

peaks  shown  are  due  to  I'lugging  the  motor,  the  first  or 
]ilugging  peak  being  about  lOOO  amperes  and  the  maxi- 
mum accelerating  peak  being  about  1125  amperes.  The 
shunt  field  current  drop])ed  from  a  steady  value  of  about 
five  amperes  to  about  three  and  one-quarter  amperes  at 
the  first  heavy  peak ;  it  rose  toward  its  normal  value  as 
the  main  current  droi^ped,  but  shows  an  additional 
downward  kick  as  each  accelerating  switch  closes.  On 
standard  mill  ty])e  motors  having  much  heavier  scries 
field  than  the  one  whose  test  is  shown,  it  has  been  found 
that  the  shunt  field  current  drops  to  zero  and  under  ex- 
tremely sharp  and  heavy  ])eaks  will  actually  reverse  its 


direction.  This  action  is  of  relatively  long  duration,  and 
it  has  been  found  impossible  to  hold  the  relay  closed  by 
means  of  damping  coils,  which  would  tend  to  maintain 
the  flux  in  the  relay  magnet  circuit  for  short  periods. 
This  droj)  in  shunt  field  current  is  evidently  due  to  the 
transformer  action  of  the  series  field  current.  The  flux 
due  to  the  series  field  rises  rapidly  and  generates  a 
counter  e.m.f.  in  the  shunt  field  coils  which  bucks  the 
applied  line  e.m.f.  and,  consequently,  tends  to  lower  the 
shunt  field  current. 

It  has  been  found  that  on  mill  t\i)c  motors  this  pro- 
tective relay  is  not  essential,  because  the  motor  has  such 
a  heavy  series  field  that  even  if  the  shunt  field  circuit  is 
opened  the  main  current  will  rise  only  about  25  percent, 
and  the  motor  will  not  overspeed,  due  to  the  fact  that  the 
increase  in  series  field  current  tends  to  balance  the  loss 
in  field  strength  due  to  opening  the  shunt  field  circuit. 
On  the  other  hand,  where  the  series  field  does  not  exceed 
30  percent,  while  the  kick  is  still  present,  it  is  not  great 
enough  to  cause  the  relay  to  drop  out.  This,  of  course, 
includes  such  motors  as  are  designed  for  practically  con- 
stant .speed  work,  such  as  for  elevators,  where  the  series 
field  is  used  only  for  the  additional  torque  which  it  gives 
at  starting. 

It  has  been  found  further  that  even  with  motors  de- 
signed for  constant  s]5eed  this  kick  is  present,  but  in 
some  cases  its  action  is  opposite  to  that  described.  The 
buck  or  boost  is,  of  course,  very  slight,  not  more  than  10 
percent  in  any  case  with  this  type  of  motor.  The  buck- 
ing action  may  be  explained  as  above,  while  the  boosting 
action  occurs  in  those  cases  where  the  series  field  is  very 
light,  only  a  few  turns  per  pole,  and  the  magnetizing 
effect  of  the  armature  is  relatively  large.  .\  sudden 
heavy  line  current  will,  therefore,  give  only  a  compara- 
tively small  change  in  field  strength,  due  to  the  series 
field,  while  the  magnetizing  ampere-turns  of  the  arma- 
ture will  produce  a  distortion  of  the  field  and  actual 
weakening  of  the  shunt  field  flux.  This  will  result  in  a 
momentary  increase  in  shunt  field  current  due  to  the 
transformer  action  of  the  decreasing  flux. 


A  Comparison  of  Motor  Armatures  of 
Different  Diameters 


F,  A.  Rew 


INERTIA  is  the  property  of  a  body  by  which  it  tends 
when  at  rest  to  remain  so,  or  when  in  motion  to  con- 
tinue in  motion.  To  change  the  state  of  a  body  at  rest 
or  in  motion  requires  the  apphcation  of  force.  The 
moment  of  inertia  of  a  body  with  respect  to  an  axis  is 
expressed  as  the  algebraic  sum  of  the  products  obtained 
by  multiplying  the  weight  of  each  elementary  particle  in 
the  body  by  the  square  of  its  distance  from  the  axis  of 
reference.  For  convenience,  all  of  the  particles  of  a 
solid  body  may  be  considered  as  massed  at  one  point, 
with  reference  to  the  axis,  which  will  result  in  its  mo- 
ment of  inertia  remaining  unchanged;  this  point  is 
known  as  the  "center  of  gyration."  In  a  revolving  body, 
the  distance  of  this  point  from  the  axis  is  called  "the 
radius  of  gyration,"  for  convenience  denoted  by  K. 

Armatures  of  electric  motors  are  cylindrical  with  the 
axis  of  rotation  passing  through  the  center  of  gravity. 
If  considered  as  solid  cylinders,  then  K  =  o./O/iR, 
in  which  R  is  the  radius  of  the  cylinder.  The  mo- 
ment of  inertia  or  flywheel  effect  of  a  cylinder  is 
WK'  =  y.  IV R-  =.  ys  WD-,  in  which  W  is  the  weight 
of  the  cylinder  and  D  the  diameter.  The  weight  of  a 
cylinder  is  the  weight  per  unit  volume  C  multiplied  by 
the  total  volume,  or  W  =  C  ir  R^  L  =  y  C  w  D-  L. 
where  L  is  the  length  of  the  cylinder.  Substituting. 
IVK'  =  1/32  C  ivD'  L. 

From  the  above  it  is  evident  that  if  D  varies  while  L 
remains  constant  the  flywheel  effect  varies  with  the 
fourth  power  of  D.  This  means  that  the  size  of 
the  motor  changes  as  D  changes.  It  has  been 
found  that,  within  reasonable  limits,  the  rating  of  a 
motor  varies  with  the  volume  of  the  armature  core. 
Volume  =  y^  w  D-  L.  the  variables  being  D-  and  L. 

It  would  be  well  in  this  connection  to  note  the  effect 
on  the  characteristics  of  armatures  if  D  and  L  are 
changed  in  such  manner  that  the  product  D'  L  does  not 
change,  and  therefore  the  rating  of  the  armatures  re- 
main   the    same.      Consider    two    armatures    in    which 


D-   L    = 


^oyo.     Armature  A    has   D    —    16   in.   and 


L=i  12  in.  Armature  B  has  D  =  22.5  in.  and  L  —  6  in. 
The  weight  of  each  armature  is  I'^oo  lbs.  These  are  not 
figures  taken  at  random  representing  unusual  extremes, 
but  represent  the  relations  of  armature  dimensions  in 
four  and  six  pole  motors,  respectively.  If  the  flywheel 
effect  is  calculated  for  each  of  these  armatures,  for  A, 
IVK-  ~-  290  and  for  B,  IVK^  =  5^2.  \\-hile  the  length 
of  B  is  one-half  that  of  A,  its  diameter  is  only  40  per- 
cent greater  than  that  of  A.  hut  its  flywheel  effect  is 
practically  double  that  oi  A. 


The  stored  energy  of  an  armature,  representing  the 
amount  of  energy  given  up  by  the  armature  in  coming 
from  full  speed  to  rest  or  absorbed  by  the  armature  in 
being  accelerated  from  rest  to  full  speed,  expressed  in 
horse-power  seconds  =  o.oooooo^i  IVK'-  N'-.  This  in- 
dicates that  where  the  normal  speed,  A^,  of  the  arma- 
tures being  compared  remains  unchanged,  the  amount  of 
power  required  to  start,  stop  or  completely  reverse  the 
armatures  varies  directly  with  the  flywheel  effect.  If 
applied  to  armatures  A  and  B  mentioned  above  at  a 
normal  speed  of  480  r.p.m. : — Hp-sec.  for  A  =^  2o.y  and 
for  B  =  j^o.S.  This  energy  required  to  accelerate  rep- 
resents so  much  energy  drawn  from  the  line  and  wasted 
as  far  as  motor  mechanical  output  is  concerned,  and  is 
detrimental  to  the  motor  in  that  the  motor  windings  are 
heated  by  the  current  required  to  produce  the  acceler- 
ating torque,  the  heating  being  proportional  to  the  square 
of  the  current.  If  dynamic  braking  is  used  for  decel- 
eration the  windings  are  heated  still  further  by  the  cur- 
rent required  to  produce  the  decelerating  torque.  From 
the  above  it  will  be  seen  that  if  the  two  armatures  are 
to  be  used  in  reversing  service  and  the  same  number  of 
cycles  per  minute  or  per  hour  are  to  be  maintained,  the 
stored  energy  of  B  is  double  that  of  A  and  that  the  re- 
sultant heating  effect  on  B  is  four  times  that  on  A.  The 
stored  energy  is  therefore  proportional  to  D"  and  the 
heating  effect  is  proportional  to  D*. 

The  time  required  to  accelerate  an  armature  from 
rest  to  full  speed  or  to  decelerate  the  same  from  full 
speed  to  rest  under  the  influence  of  any  given  torque  is 
shown  by  : — 

.  _  o.i04y  NJVK-  _o.io4y  NU'P- 
Tg  ~         Jt7, 

in   wliich  /  r=  Time  in  seconds. 

A''  =  Revolutions  per  minute  full  speed. 
g  =  Acceleration  due  to  gravity. 
T  ^  Torque  in  foot  pounds. 
IVK'  =  Flywheel  effect. 

IV  =  Weight  of  armature  in  pounds. 
D  =  Diameter  of  armature  in  feet. 

This  indicates  that  for  armatures  of  the  same  speed 
and  torque  rating  and  also  the  same  weight,  the  time 
required  to  accelerate  to  normal  speed  or  to  decelerate 
to  rest  varies  with  D-.  Applying  this  to  armatures  A 
and  B  with  normal  torque  (T  =  Sy^  pounds),  for  A, 
*  =  0-517  seconds  and  for  B,  t  =  1.02  seconds.  The 
torque  used  above  is  for  a  rating  on  a  one-hour  basis. 
Ordinarily  motors  for  heavy  duty  reversing  service  are 
entirely  enclosed  and  the  cycle  is  continuous,  say,  for 
five  hours.    In  this  case  the  normal  torque  of  armatures 
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A  and  B  is  approximately  360  pounds.  This  would  in- 
crease the  time  for  acceleration  or  deceleration  for  A 
to  1.25  seconds  and  B  to  2.5  seconds.  The  time  for 
complete  reversal  for  A  =;  2.5  seconds  and  for  B  =  5.0 
seconds.  Reversals  every  10  seconds  are  not  uncom- 
mon in  steel  mill  applications,  which  means  that  while 
A  would  have  its  normal  mechanical  output  available  for 
useful  work  for  75  percent  of  the  time,  B  would  be 
available  for  useful  work  only  50  percent  of  the  time. 
Since  the  power  output  required  is  the  same  in  each 
case,  B  will  have  a  larger  power  consumption  than  A. 

In  the  design  of  an  armature,  the  service  to  which  it 
is  to  be  subjected  is  the  first  consideration.  In  motors 
for  plugging,  rapid  reversing  service  or  sudden  starts 
and  stops,  such  as  motors  for  roll  tables,  cranes,  screw- 
downs  in  roll  mills,  ore  unloaders  and  planers  where  the 
motor  reverses  for  each  cutting  stroke,  it  is  desirable  to 
keep  the  flywheel  effect,  and  therefore  the  armature 
diameter,  as  small  as  possible  consistent  with  good 
design. 

In  contrast  with  motors  for  reversing  service  there 
are  applications,  such  as  punches,  shears,  rail  straight- 
encrs,  etc.,  where  a  high  value  of  flywheel  effect  is  de- 


sirable in  order  that  the  motor  working  current  will  not 
be  required  to  do  all  of  the  work  during  the  working 
periods,  but  that  there  shall  be  sufficient  energy  stored 
in  the  rotating  parts  to  force  the  tool  through  the  work 
at  the  expense  of  a  slight  drop  in  speed  during  the  work- 
ing periods.  While  it  would  be  possible  to  so  design 
motor  armatures  that  they  would  have  the  requisite  fly- 
wheel effect  for  such  applications,  this  would  not  be 
feasible,  as  the  requirements  of  different  applications 
vary  to  such  an  extent  that  a  different  armature  would 
be  required  for  practically  every  different  application. 
In  practice  it  is  customary  to  use  a  standard  armature 
for  such  applications  and  to  supply  the  additional  inertia 
required  by  installing  a  suitable  flywheel. 

In  probably  a  majority  of  applications  of  electric 
motors  the  armature  is  brought  up  to  speed  and  runs 
continuously  at  one  speed,  as  in  constant-speed  motors; 
or  if  changed,  as  in  adjustable-speed  motors,  the  arma- 
ture runs  for  a  great  majority  of  the  time  at  some  fixed 
speed.  In  the  design  of  the  motor  for  such  applications 
the  flywheel  effect  of  the  armature  is  of  little  importance, 
and  other  features  govern  the  armature  proportions 
almost  entirely. 


"Safety  First"  Switchboards 

In  the  modern  well-designed  switchboards  many  ideas  have 
been  introduced  looking  to  the  "Safety  First"  feature.  For  in- 
stance, on  low  voltage  switchboards,  where  the  automatic  pro- 
tection is  obtained  by  means  of  fuses,  the  latter  are  almost 
invariably  of  the  enclosed  type,  having  sufficient  rupturing  ca- 
pacity to  be  able  to  open  quietly  without  flash  under  all  oper- 
ating conditions.  In  many  cases  these  fuses  are  mounted  on  the 
rear  of  the  board  as  a  matter  of  further  precaution. 

On  railway  switchboards  and  other  boards  employiuK  tliis 
type  of  apparatus,  carbon  circuit  breakers  are  almost  invarial)ly 
mounted  at  the  top  of  the  board,  so  that  the  arc  or  flash  on 
opening  will  be  above  the  operator's  head,  and  therefore  can- 
not damage  any  apparatus  or  in  any  way  injure  the  operator. 
For  extra  high  voltage,  direct-current  railway  work  the  carbon 
circuit  breaker,  with  the  knife  switch  in  series  with  it,  are 
manually  operated  by  insulated  mechanisms  and  are  placed  so 
high  up  on  the  switcliljoards  that  it  is  practically  impossible  for 
the  station  operator  to  touch  them  unintentionally.  These  two 
pieces  of  apparatus  are  frequently  so  interlocked  that  it  is  nec- 
essary to  trip  the  carbon  circuit  breaker  before  the  knife  switch 
can  be  opened,  in  order  to  obviate  the  possibility  of  opening  the 
circuit  with  the  knife  switch. 

Switchboards  for  alternating-current  service  at  600  volts 
and  above  almost  invariably  use  oil  switches  or  oil  circuit 
breakers  with  the  handles  on  the  front  of  the  board,  but  with 
the  swi'ch  or  circuit  breaker  itself  on  the  back  of  the  board,  or 
at  a  distance  from  the  board.  Special  precautions  are  taken  so 
that  there  are  no  live  metal  parts  on  the  front  of  the  board. 
Where  the  voltage  is  high  or  the  amount  of  power  to  be  con- 
trolled is  considerable,  the  oil  switches  or  circuit  breakers 
are  made  distant  control,  so  that  it  is  entirely  safe  for  the 
operator  to  work  cither  on  the  front  or  on  the  back  of  the 
board. 


Where  large  amounts  of  power  are  to  be  handled  at  mod- 
erate voltages,  it  is  frequently  found  advisable  to  place  the  oil 
circuit  breakers,  bus-bars  and  disconnecting  switches  in  fire- 
proof masonry  compartments,  so  that  if  an  oil  circuit  breaker 
be  blown  up  by  an  explosion  no  damage  will  be  caused  to  the 
adjacent  switching  equipment,  nor  to  the  attendant;  or  if  an  arc 
starts  in  one  compartment,  it  cannot  readily  be  communicated 
to  any  of  the  adjoining  compartments. 

In  very  large  capacity  plants  the  oil  circuit  breakers  are  usu- 
ally electrically  operated  and  i)laced  entirely  apart  from  the  con- 
trol switchboard,  so  that  no  unforeseen  accident  to  the  switch- 
ing equipment  is  likely  to  injure  the  switchboard  operator  and 
his  entire  attention  can  be  concentrated  on  the  work  on  band. 

Owing  to  the  necessity  for  inspection  and  adjustment  of 
oil  circuit  breakers  and  similar  devices,  it  is  customary  to  fur- 
nish disconnecting  switches  so  as  to  completely  isolate  the  oil 
circuit  breakers  from  the  bus-bars  or  other  source  of  power. 
Also,  where  certain  switching  operations  must  be  carried  out 
in  a  definite  sequence,  suitable  interlocks  are  furnished  that 
make  the  operation  practically  fool-proof. 

Owing  to  somewhat  stricter  government  regulations,  the 
employment  of  a  somewhat  cheaper  grade  of  operators  and  the 
use  of  somewhat  less  reliable  switching  equipment,  the  idea  of 
"Safety  First"  in  switching  equipment  has  been  carried  much 
farther  in  Europe  than  in  America.  Probably  the  best  illustra- 
tion of  the  extent  to  which  the  "Safety  First"  idea  in  switch- 
board practice  is  frequently  carried  in  Europe  is  the  wagon 
panel  arrangement  adopted  in  certain  stations.  With  this  ar- 
rangement the  high  tension  room  is  completely  closed  in  and 
access  to  this  room  cannot  be  obtained  without  first  cutting  oflE 
all  power  from  the  switching  equipment.  The  oil  circuit 
breakers  and  similar  devices  are  usually  mounted  on  a  steel 
panel  that  has  to  be  pulled  away  from  the  switchboard  before 
they  can  be  examined.  Stephen  Q.  Hayes 
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125& — Synchronizing    T  r  o  u  b  1  e — \Vc 

have  two  ahernators  marked,  respec- 
tively, 200  k.v.a.,  200  r.p.ni.,  240  am- 
peres per  terminal,  and  75  k.v.a.,  480 
volts,  90.2  amperes  per  terminal,  275 
r.p.m.;  and  a  60  horse-power,  440  volt, 
60  cycle,  three-phase,  1200  r.p.m.  syn- 
chronous motor,  (i)  We  have  had 
difficulty  in  synchronizing  when  one 
of  the  two  fuses  in  series  with  the 
lamps  would  blow :  test  lamps  across 
this  open  block  indicating  about  300 
volts,  five  no  volt  lamps  were  put 
permanently  in  this  place.  Can  you 
tell  me  how  the  trouble  arose  and  why 
the  presence  of  the  lamps  has  pre- 
vented any  more  trouble.  (2)  The 
synchronous  motor  drives  its  exciter 
and  a  direct-current  generator  which 
is  also  e.xcited  by  the  motor  exciter. 
After  starting  up  recently,  the  direct- 
current  meters  connected  to  the  gen- 
erator circuit  were  found  to  be  re- 
versed. The  trouble  was  corrected  by 
reversing  the  polarity  of  the  exciter. 
This  has  happened  several  times  since. 
What  causes  the  change?  (3)  Will 
you  also  explain  the  use  of  a  five- 
point  field  switch?  .\.  H.  b.  (d.  c.  ) 

(i)  In  synchronizing  alternating-cur- 
rent generators  it  is  necessary  that  the 
incandescent  lamps  in  series  for  indi- 
cating synchronism  be  capable  of  with- 
standing double  the  normal  generator 
voltage.  Double  voltage  is  present  in 
case  the  incoming  generator  is  180  de- 
grees out  of  phase  with  the  running  ma- 
chine. The  blowing  of  the  fuses  was 
probably  due  to  the  fact  that  not  enough 
lamps  were  used.  A  total  of  eight  no 
volt  lamps,  or  four  220  volt  lamps, 
should  be  used  in  series  in  synchronizing 
480  volt  generators.  (2)  It  is  under- 
stood that  polarity  reversal  of  the  ex- 
citer has  occurred  while  starting  the 
motor  with  its  field  switch  closed,  con- 
nections being  as  per  Fig.  1258(a).  This 
condition  is  analogous  to  that  in  a  ro- 
tary converter  which  is  self-starting 
from  the  alternating-current  side.  Under 
starting  conditions,  the  armature  current 
in  the  motor  induces  an  alternating  cur- 
rent in  the  motor  field  and  exciter  cir- 
cuits. In  this  case  the  relative  propor- 
tions of  the  motor  and  exciter  are  prob- 
ably such  that  the  induced  motor  field 
current  is  great  enough  to  destroy  the 
residual  ma.gnetism  in  the  exciter  field 
poles.  This  condition  may  be  caused  by 
using  too  high  a  starting  voltage  on  the 
motor  or  by  throwing  the  starting  switch 
over  to  the  running  position  before  the 
motor_  is  up  to  synchronism.  Either 
condition  would  cause  abnormal  arma- 
ture starting  current.  In  order  to  do 
away_  with  the  possibility  of  exciter 
polarity  reversal  in  this  case  we  suggest 
that  the  motor  field  switch  be  left  open 
with  its  blades  at  90  degrees  from  the 
closed  position,  so  that  the  motor  field  is 
short-circuited  through  the  field  dis- 
charge resistance  during  starting.  A 
heavier  resistance  will  probably  be  re- 
quired, as  it  must  be  capable  of  carryin,g 


the  field  current  during  the  starting 
period.  In  checking  the  resistance  it 
should  be  noted  that  the  motor  field  cur- 
rent in  this  case  will  be  somewhat 
greater  than  with  the  present  method  of 
starting  in  which  exciter  armature  and 
field  are  in  circuit.  An  alternative  ar- 
rangement would  be  to  make  the  field 
switch  double  throw  and  short-circuit 
the  motor  field  upon  itself  during  start- 
ing. This  latter  arrangement  would  re- 
quire no  change  in  the  field  discharge  re- 
sistance. (3)  The  five-point  field  switch 
referred  to  is  understood  to  be  a  two- 


FiG.  1258  (a) 

pole,  single-throw  field  switch  with 
quick  break  and  discharge  attachments. 
The  intermediate  jaw  on  the  hinge  jaw 
center  line  of  the  switch  engages  the  clip 
attached  to  one  of  the  blades  at  the  in- 
stant the  auxiliary  blades  leave  the  break 
jaws.  A  resistance  is  connected  between 
the  intermediate  jaw  and  the  main  hinge 
jaw,  to  which  the  clip  is  not  connected, 
and  the  opening  of  the  switch  simul- 
taneously connects  the  resistance  across 
the  field.  If  this  were  not  done  the  high 
voltage  induced  by  the  sudden  opening 
of  this  highly  inductive  circuit  might 
damage  the  insulation  of  the  field  wind- 
ings. M.C. 

1259— Effect  of  Gas  on  Engine  Parts 

— Does  the  natural  gas  as  found  in  the 
West  Virginia  fields  have  a  more  de- 
structive effect  on  the  vital  parts  of  a 
gas^  engine  than  natural  gas  of  other 
regions  having  a  lower  heat  value,  or 
than  producer  gas?  In  figuring  de- 
preciation for  a  gas  engine  what 
would  you  consider  to  be  a  fair  value? 
F.  G.  F.  (w.  V-\.) 

The  higher  heat  units  of  the  West 
X'irginia  gas  produce  no  greater  destruc- 
tive effect  in  gas  engines  than  would  be 
caused  by  natural  gas  of  lower  heat 
units  found  in  other  gas  fields.  The 
strength  of  the  explosive  mixture  of  air 
and  gas  used  in  the  power  cylinders  of 
gas  engines  is  about  the  same  with 
nearly  all  grades  of  gas.  With  the  richer 
uases  it  is  usual  to  dilute  with  a  larger 
liroportion  of  air  in  order  to  obtain  a 
proper  mixture.  As  to  depreciation,  with 
the  larger  sized  engines  of  600  horse- 
power and  over,  20  percent  a  year  would 
lie  a  fair  allowance,  as  the  thicker  pis- 
tons and  cylinder  walls  affect  the  heat 
exchange,  and  cracks  or  excessive  wear 
may  result.  With  the  smaller  sized  gas 
engines  15  percent  annual  depreciation 
will  be  about  the  average  experience. 

E.  D.  L. 


1260 — Lightning  Rods — For  the  pro- 
tection of  buildings  which  of  the  com- 
mon forms  of  lightning  rod  is  in  your 
opinion  the  best,  the  twisted  thin  fiat 
copper  or  the  iron  pipe  conductor? 
Are  insulators  necessary  or  will  a 
common  pipe  hanger  serve?  When  the 
iron  pipe  is  used  for  a  conductor  can 
ells  and  tees  be  used  for  connecting 
the  pipes?  How  high  should  the  ver- 
ticals be  over  the  horizontal  on  the 
roof  and  how  far  apart?  When  coke 
is  not  to  be  had  how  is  the  grounding 
to  be  done  to  be  effective?  Can  you 
specify  how  the  job  should  properly 
be   done?  N.  j.  R.  (penna.) 

Lightning  rod  conductors  should  be 
made  of  copper  tubing  or  copper  strap, 
which  may  be  twisted  or  not.  The  cop- 
per tubing  or  thin  strap  is  preferable  to 
a  solid  conductor  of  square  or  circular 
cross  section,  because  lightning  dis- 
charges are  usually  of  high  frequency, 
and  high  frequency  currents  pass  prin- 
cipally near  the  surface  of  the  con- 
ductor. While  iron  conductors  of  suf- 
ficient size  would  carr.v  the  discharges, 
they  should  not  be  used  because  of  the 
liability  to  rust,  thus  introducing  a  high 
resistance  and  rendering  the  conductor 
useless.  Insulators  are  not  necessary  in 
fastening  the  conductor  to  the  building ; 
the  conductor  should  be  fastened  to  the 
liuilding  by  cleats  or  hangers  of  the 
same  material  as  the  conductor,  to  avoid 
corrosion.  The  points  of  the  rod  should 
be  about  four  or  five  feet  above  the  roof, 
or  if  it  is  near  a  chimney  or  a  high 
place,  they  should  rise  above  that  higli 
place.  While  there  is  no  fixed  distance 
lietween  the  verticals  or  points  we 
should  recommend  about  ten  or  fifteen 
feet.  The  greater  the  number  of  ver- 
ticals the  more  readily  the  air  above  is 
relieved  of  its  charge  of  electricity.  The 
]irimary  object  of  the  coke  for  the 
".ground"  is  to  retain  moisture  around 
the  rod  or  plate.  When  coke  is  not 
available  dig  a  hole  ei.ght  or  ten  feet 
deep,  or  down  to  permanent  moisture 
and  bury  the  end  of  the  rod.  Preferably 
the  end  of  the  rod  should  be  attached  to 
a  fanned  out  cable  or  to  a  copper  plate 
of  several  square  feet  of  area.  Sprinkle 
plenty  of  common  salt  around  the  rod  or 
plate  and  in  the  soil  over  them.        G.  C.  D. 

1261— Counter    E.M.F.     Cell— Please 

describe  the  counter  e.m.f.  cells  men- 
tioned on  p.  448  of  the  Journal  for 
October,  1915.  r.  r.  c. 

The  counter  e.m.f.  cell  mentioned  is 
similar  in  effect  to  the  aluminum  elec- 
trolytic cell  in  that  after  a  certain  volt- 
age is  reached  a  slight  increase  in  volt- 
age causes  a  relatively  large  current  to 
pass  through  it.  The  cells  are  like  small 
storage  batteries  except  that  the  plates 
are  plain  lead.  Connected  in  parallel 
with  a  storage  battery  in  a  circuit  car- 
rying a  definite  maximum  current  as  on 
this  car  equipment,  they  act  as  a  "spill- 
way" to  prevent  the  battery  voltage  from 
going  too   high   either   from   overcharge 
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or  from  cx'cessive  charging  rates.  In 
other  words,  they  are  adjusted  to  shunt 
a  larger  proportion  of  the  current  as  the 
voltage  rises.  They  thus  protect  the 
storage  battery  and  maintain  the  proper 
charge.  These  c.e.m.f.  cells  are  practi- 
cally the  same  as  the  old  "end"  cells  used 
in  series  for  charging  batteries,  but  are 
adapted  to  a  different  purpose.        n.w.s. 

1262— Induction  Motor  With  Uneven 
Air-Gap-  If  the  roior  uf  an  induc- 
tion motor  is  not  centrally  located  in 
the  stator,  making  the  clearance  un- 
even, is  one  side  of  the  motor  liable  to 
be  hotter  than  the  other?  Could  the 
difference  of  voltage  or  current  of  the 
three  phases  of  a  three-phase  induc- 
tion motor  cause  serious  trouble  or 
excessive  heat?  .\.  c.  d.  (nev.  ) 

In  general  the  displacement  of  the  me- 
chanical center  from  the  magnetic  center 
in  an  induction  motor  docs  not  produce 
any  serious  results.  However,  there  is  a 
limit  to  this.  If  the  rotor  approaches 
the  stator  too  close  the  amount  of  un- 
balanced magnetic  pull  in  starting  or  at 
times  of  sudden  and  heavy  overloads 
may  cause  the  rotor  to  pull  over  and 
actually  strike  the  stator,  producing  me- 
chanical damage.  In  the  case  of  squirrel- 
cage  windings  of  fairly  low  resistance 
there  is  a  tendency  to  jiroduce  mag- 
netic balancing  against  such  dissymmetry 
similar  to  that  which  exists  in  direct- 
current  armatures  with  cross  connec- 
tions. It  is  possible  also  to  connect  the 
stator,  or  the  rotor,  if  phase-wound,  so 
as  to  compensate  for  magnetic  unbal- 
ancing caused  by  eccentric  air-gap.  If 
the  rotor  docs  not  strike  on  the  stator, 
and  if  there  is  no  serious  mechanical 
vdiration  while  running,  there  will  prob- 
ably not  be  enough  current  unbalance 
due  to  this  cause  to  produce  anv  serious 
results  from  heating.  '    a.  m.  n. 

1263— Induction  Motor  Characteristics 

—  (a  I  Explain  the  reason  for  a  dead 
point  in  a  polyphase  motor.  Does  the 
coil  pitch  cause  these  conditions?  If 
so,  kindly  explain.  Does  the  number 
of  rotor  bars  effect  this  case?  (b)  I 
notice  in  some  alternating  current 
motor  designs  the  coil  pitch  is  theo- 
retically correct  and  in  others  three  or 
more  slots  out.  Kindly  explain  which 
is  correct  and  best  working  condition 
under  different  speeds  (with  a  long  or 
short  pitch).  Does  the  number  of 
rotor  bars  have  any  effect  in  this  case? 
E.xplain  as  to  torque,  power- factor,  ef- 
ficiency, etc.  (c)  In  changing  a  motor 
from  30  cycle  to  60  cycle,  after  alter- 
ing number  of  poles  to  make  it  the 
same  speed,  it  being  originally  a  30 
cycle,  one  circuit,  Y  connection,  would 
it  be  necessary  to  make  it  two  circuit, 
y  or  one  circuit,  delta  on  account  of 
iron?  (d)  Explain  reason  of  less 
humming  noise  in  a  slow-speed,  poly- 
phase motor  (850  r.p.m.,  20  horse- 
power) when  the  rotor  bars  are  in- 
creased. Does  this  change  effect  the 
efficiency,  torque,  etc..  of  motor  and, 
if  not,  why  was  this  not  done  in  orig- 
inal design  of  motor?  (c)  Explain 
vyhy  a  3600  r.p.m.,  three-phase  induc- 
tion motor,  when  running  at  high 
speed  or  almost  half  speed,  will  not 
reverse  after  reversing  one  of  the 
phases.  F.  w.  s.  (calif.) 

(a)  We  understand  this  question  to 
mean  points  of  minimum  torque  or 
points  with  the  rotor  at  standstill  where 
it  develops  less  torque  than  it  would  if 
standing  in  a  slightly  altered  angular 
position.  There  should  be  no  strictly 
"dead"  point  or  point  of  no  torque  in  aii 


ordinary    jjolyphase    motor.      Minimum 
torque  points  are  caused  by  a  combina- 
tion  of    two    factors.     The    first   is    the 
relative  number  of  rotor  and  stator  slots 
which    causes    a    variation    in    the    total 
magnetic    reluctance    and,    consequently, 
in   the  total   magnetic  field   with   chang- 
ing relative  positions  of  the  stator  and 
rotor.     .\  stronger  field  in  one  position 
than  in   another  would  probably  be   re- 
sponsible for  a  change  in  the  torque  de- 
veloped   at    standstill    in    that    position. 
The   second   factor   is  the  shape  of   the 
electro-motive   force  wave   produced   by 
the  motor  windings,  whether  peaked  on 
the   top  or   flat  or   showing   pronounced 
harmonics,  etc.     The  third  liarmonic  has 
been   found  in  some  cases  to  accentuate 
maximum   and   minimum   torque   points 
The  coil  pitch  affects  this  condition  as  it 
affects  the  shape  of  the  e.m.f.  wave.     .\s 
stated,  the  number  of  slots  in  both  stator 
and   rotor  have  an  effect  on   this,      (b) 
The  coil  pitch  is  rarely  made  exactly  the 
same   as   the  pole   pitch.     The  effect  of 
chording  the  coil  or  winding  it  less  than 
the  slot  pitch  is  in  a  measure  similar  to 
reducing  the  number  of  turns  of  wire  in 
the  coil  and  leaving  the  pitch  the  same. 
Chording  the  coil  one  slot  has  very  little 
effect   on   the    performance,    and    at    the 
same    time    reduces    the    length    of    the 
mean  turn  and  saves  copper  somewhat. 
For   this    reason    it    is   not   economic   to 
wind   coils    full   pitch.     Chording   is   re- 
sorted to  by  the  designer  to  make  a  finer 
adjustment   of   the   effective   number   of 
turns  in  the  coil  than  he  could  otherwise 
get.     For  example,  it  is  possible  to  get 
an   effect   between,   say    four   turns    and 
five    turns,    e(piivalent    perhaps    to    four 
and    one-half    turns.      Chording    is    also 
used  by  the  designer  to  adjust  torques. 
See    Trans.    A.I.E.E.,    Vol.    XXVI    for 
1907,  pp.  1483  to  1503.  .\dams,  Cabot  & 
Irving,   on    "Fractional    Pitch   Windings 
for  Induction  Motors."     Sec  also  Trans. 
.X.I.E.R.,   Vol.   XXVII— 1908,    pp.    1077- 
1085,    Jens    Bache    Wiig,    on    "Applica- 
tion   of    Fractional    Pitch    Windings    to 
.Mternating-Current    Generators."       (c) 
Roughly    speaking,    if    tlie    horse-power 
remained  the  same  on  60  cycles  the  num- 
ber of  turns  in  series  should  remain  the 
same,  or  if  it  was  series  V  on  30  cycles 
it   should  remain  series  Y  on  60  cycles. 
.Speaking  freely,  this  is  because  twice  as 
many   turns    arc   required    for   twice   as 
many  poles,  but  only  half  as  many  turns 
for  twice  as  many  cycles.     Thus  the  two 
cancels    the    one-half    and    leaves    one. 
This  neglects  the  saturation  in  the  iron 
and   tlie   chord    factor   which   should   be 
taken  into  account  for  an  exact  calcula- 
tion,    (d)   The  causes  of  noise  are  not 
entirely  understood.    Changing  the  num- 
ber  of   rotor   bars   probably   helped,   be- 
cause it  changed  the  vibration  frequency 
of   the  magnetic   pulsations   which    were 
setting  .some  portion  vibration  and  caus- 
ing   the    noise.      Everything  .else    being 
properly   balanced   an   increased   number 
of   rotor   slots   would   improve   the   per- 
formance   slightly.      This    was    i)erliaps 
not  done  in  the  original  design.  Ijecause 
standard  parts  common  to  other  ratings 
were  used  by  the  manufacturer  and  also 
because,  in  general,  increasing  the  num- 
ber of  slots  increases  the  cost,  all  other 
factors  being  equal,     (e)   This  is  a  phe- 
nomenon  of   rare   occurrence  and   is   in 
most  cases  attributable  to  the  resistance 
in  the  rotor  bars  being  relatively  much 
higher  than  in  the  rings  at  the  ends  of 
the  squirrel  cage.     This  artificial  distri- 
bution of  resistance  causes  peculiar  dis- 
tribution of  the  rotor  currents,  and  this 
in  turn  probably  produces  harmonics  or 


irregular  wave  shape  and  is  an  exagger- 
ated case  of  the  condition  discussed 
under   ta».  a.  m.d. 

1264/— Rotary    Converters    in    Series — 

Two  250  kw,  60  cycle.  750  volt,  non- 
commutating  pole  rotary  converters 
connected  in  series,  supplying  a  1500 
volt  railroad,  were  operating  during  a 
thunder  storm.  The  high  machine 
"bucked  over,"  reversing  its  polarity ; 
the  grounded  machine  remained  the 
same  polarity  as  it  was  before.  None 
of  the  circuit  breakers  opened.  The 
voltage  of  the  two  machines  neutral- 
ized each  other,  giving  zero  voltage  on 
line.  The  machines  continued  to  run 
as  before.  Please  explain  how  this 
could  take  place,  and  why  both  ma- 
chines would  not  reverse. 

G.  A.  H.  (uTAh) 

When  lightning  strikes  a  line  wire,  its 
potential     is     raised     very     high     above 
ground   potential.     The  potential  of   the 
whole   length   of   line  does   not   rise   in- 
stantly, but  the  rise  of  potential   passes 
along  the  line  at  very  high  velocity  and 
with    a   very   steep   wave    front.      When 
this    rise   of    potential    reaches    the    first 
jiiece  of   inductive  apparatus,  such   as  a 
rotary  converter,   tlie  potential   piles   up 
until  the  whole  lightning  voltage  is  im- 
pressed   across    the   commutator    of   the 
first    machine.      A    lightning    discharge 
alw^ays  takes  the  path  of  least  resistance, 
which   in   this  case   is  across  the  comu- 
tator     face,     rather    than     through     the 
highly  inductive  armature  winding.    The 
arc    established    by    this    static    voltage 
offers  a   low   resistance   path   to  current 
from  the  armature  winding  and  the  arm- 
ature current  rises  to  a  very  high  value, 
and  the  machine  in  consequence  cannot 
conimutate    this    excessive    current    and 
"bucks  over."     The  high  current  in  the 
flashover  does  not  flow  into  the  direct- 
current  line  circuit  at  all   and   the  line 
circuit   breakers  should   not  open.     The 
wave  front  of  potential  is  so  held  back 
and    smoothed    out   by   passage   through 
the  first  machine  that  it  does  not  pile  up 
across  the  second  machine  to  nearly  the 
same    extent    with    correspondingly    less 
liability  to  disturbance.     The  reversal  of 
polarity  may  be  explained  by  consider- 
ing the  ma.gnctizing  effect  of  the  arma- 
ture currents.    The  alternating  load  cur- 
rent under  normal    (100  percent  power- 
factor  )  conditions  exerts  its  magnetizing 
etTect    in    the    space    between    the    main 
poles,    and    has   practically   no    influence 
on  the  direct-current  volta.ge.     When  the 
machine  bucks  over  the  power-factor  on 
the     alternating-current    side     drops     to 
practically  zero    (there  being  no  direct- 
current  output),  and  the  armature  ma.g- 
netizing  force  shifts  position  until  it  is 
directly  opposed  to  the  flux  of  the  field 
poles.     The  alternating-current  magnet- 
izing force  is  so  strong  under  buck-over 
conditions   that   it   actually   reverses   the 
normal  field  flux  and  builds  up  the  volt- 
age in  the  opposite  direction.  F.  T.  u. 


CORRECTION 


In  the  JouRXAi,  for  November,  '15,  p. 
.i02,  the  seventeenth  line  from  the  bot- 
tom of  the  first  column  should  read, 
"would  have  to  be  appro.ximately  twice 
as  heavy";  the  fourteenth  line  should 
read,  "power  of  the  weight  and  the  dif- 
ference of  the  squares  of  the  velocities."; 
the  tenth  line  from  the  bottom  should 
read,  "velocity.  If  the  energy  at  the 
initial  speed  is  one-half  M  \\-  and  at  the 
reduced  speed,  is  one-half  ,1/  IV,  then 
the  energj'  returned  by  the  flywheel 
one-half  M  (F,^— I'V)." 
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SUPPLEMENTS 

With  the  present  December  issue  are 
included  two  supplements,  the  "Two- 
Year  Topical  Index"  and  the  "Title  Page 
and  Table  of  Contents."  As  soon  as 
the  December  issue  has  been  read,  all 
the  copies  for  1915  with  Topical  Index 
and  Table  of  Contents  can  be  sent  in 
for  binding.  The  price  for  binding  is 
$1.50  per  volume  prepaid. 


PRICES  OF  BOUND  VOLUMES 

For   the   present  the   prices   of   bound 
volumes  of  The  Electric  Journal  will 
be  as  follows  : — 
For  Volumes  III,  IV,  V,  VI,  VII, 

VIII,  IX,  X,  XI  and  XII, 

Ten  ditiferent  volumes $31.00 

Nine  ditTerent  volumes 28.00 

Eight  different  volumes 25.00 

Seven  different  volumes 22.00 

Six  different  volumes 19.00 

Five  different  volumes 16.00 

Four  ditTerent  volumes 1300 

Three  different  volumes 10.00 

Two  ditiferent  volumes 7.00 

Single  volumes  l.oo 

Special  prices  on  bound  volumes  in 
combination  with  subscriptions  to  the 
JouRN.\L  and  other  technical  books  will 
be  quoted  on  request. 


PERSONALS 


Mr.  W.  E.  Moore,  until  recently  vice- 
president  and  general  manager  of  the 
West  Penn  Traction  Company,  has  estab- 
lished headquarters  in  the  Union  Bank 
Building,  Pittsburgh,  to  carry  on  con- 
sulting engineering  work,  specializing 
on  the  design,  construction  and  equip- 
ment of  power  plants. 


Mr.  A.  C.  Dinkey  has  resigned  from 
the  presidency  of  the  Carnegie  Steel 
Company  and  has  been  elected  president 
of  the  Midvale  Steel  Compan}-  to  suc- 
ceed Mr.  W.  E.  Corey,  who  resigned  tlie 
Midvale  presidency  to  become  chairman 
of  the  board. 


Colonel  H.  G.  Prout,  formerly  vice- 
president  and  general  manager  of  the 
Union  Switch  &  Signal  Company,  has 
resigned  from  his  position  as  president 
of  the  Hall  Switch  &  Signal  Company. 


Mr.  P.  M.  Lincoln,  of  the  general  en- 
gineering department  of  the  Westing- 
house  Electric  &  Mfg.  Company,  and 
professor  of  electrical  engineering  of 
the  University  of  Pittsburgh,  has  re- 
signed both  positions  to  devote  his  en- 
tire time  to  the  development  of  certain 
means  of  measuring  electric  service,  for 
which  he  has  recently  secured  a  number 
of  patents. 


Mr.  Walter  N.  Polakov  has  resigned 
as  superintendent  of  power  of  the  New 
York,  New  Haven  &  Hartford  to  en- 
gage in  consulting  engineering  practice. 


Mr.  F.  S.  Montgomery,  advertising 
manager.  National  Metal  Moulding 
Company,  has  been  elected  treasurer  of 
the  Pittsburgh  Publicity  Association. 


Mr.  Jesse  L.  Jones,  chief  chemist  at 
the  works  of  the  Westinghouse  Electric 
&  Mfg.  Company,  East  Pittsburgh,  was 
recently  elected  president  of  the  Amer- 
ican Institute  of  Metals. 


Mr.  Ray  Palmer,  until  recently  com- 
missioner, department  of  gas  and  elec- 
tricity, city  of  Chicago,  has  been  ap- 
pointed vice-president  and  general  man- 
a.ger  of  the  New  York  &  Queens  Elec- 
tric Light  &  Power  Company,  with 
lieadquarters  at  Long  Island  City. 


Mr.  Milton  Rupert,  assistant  to  the 
president  of  the  R.  D.  Nuttall  Company, 
has  been  made  general  manager  of  the 
company. 


Mr.  E.  H.  Sniffin,  formerly  sales  man- 
ager of  The  Westinghouse  Machine 
Company,  has  been  appointed  manager 
of  the  power  department  of  the  West- 
inghouse Electric  &  Mfg.  Company, 
which  will  direct  the  sales  of  the  product 
of  The  Westinghouse  Machine  Com- 
pany. 


Mr.  D.  S.  Miller,  electrical  engineer 
and  supervisor  of  power  and  lines  of  tlie 
New  Vork,  New  Haven  &  Hartford 
Railroad,  has  resigned  to  accept  the  po- 
sition of  manager  of  power  and  lines 
covering  the  properties  of  the  Reading 
Transit  &  Light  Company,  Reading,  Pa., 
and  its  affiliated  companies. 


Mr.  T.  W.  Harris,  Jr.,  assistant  to  the 
works  steam  engineer  of  the  Westing- 
house Electric  &  Mfg.  Company,  East 
Pittsburgh,  Pa.,  has  resigned  to  accept  a 
position  in  the  purchasing  department 
with  the  E.  I.  Dupont  de  Nemours  Com- 
pany, Wilmington,  Del. 


In  the  newly  organized  power  depart- 
ment of  the  Westinghouse  Electric  & 
Mfg.  Company,  Mr.  W.  H.  Garret  has 
been  appointed  manager  of  the  contract 
section,  Mr.  J.  G.  Worker,  manager  of 
the  stoker  section,  and  H.  D.  Storer, 
manager  of  the  auxiliary  section. 


Mr.  Norman  McD.  Crawford  has  re- 
signed as  president  and  general  man- 
ager of  the  Reading  Transit  &  Light 
Company.  Until  about  two  years  ago 
Mr.  Crawford  was  president  of  the  Ma- 
honing &  Shenango  Railway  &  Light 
Company,  of  Youngstown,  Ohio. 


Mr.  .•\.  C.  Lanier,  who  has  been  for 
some  time  section  engineer  in  cliarge  of 
direct-current  motor  design  in  the  in- 
dustrial engineering  department  of  the 
Westinghouse  Electric  &  Mfg.  Company, 
has  been  appointed  chairman  of  the  de- 
partment of  electrical  engineering"  of 
the  Universitv  of  Missouri. 


Mr.  J.  D.  Mooney,  formerly  in  charge 
of  Ijelting  sales  for  the  B.  F.  Goodrich 
Company,  .^kron,  Ohio,  has  been  ap- 
pointed sales  manager  of  the  commer- 
cial department  of  the  Hyatt  Roller 
Bearing  Company,  of  Newark,  N.  J. 


A  number  of  new  appointments  have 
been  made  in  the  supply  department  of 
the  Westinghouse  Electric  &  Mfg.  Com- 
pany recently,  under  the  direction  of  Mr. 
J.  J.  Gibson,  manager.  Mr.  S.  A.  Chase 
has  been  appointed  resale  assistant  to 
manager;  Mr.  T,  J.  Pace,  industrial  as- 
sistant to  manager ;  Mr.  C.  G.  Schleuder- 
berg,  central  station  assistant  to  man- 
ager ;  Mr.  C.  Streamer,  manager  of  the 
illuminating  section:  Mr.  M.  C.  Mor- 
row, manager  of  the  appliance  section  ; 
Mr.  C.  E.  Stephens,  manager  of  the  illu- 
minating section:  Mr.  T.  A.  McDowell, 
manager  switch  section :  Mr.  M.  C. 
Rypinski,  manager  of  the  meter  section. 


EDUC.\TIONAL  COURSE  OF  THE 

NATIONAL  ELECTRIC  LIGHT 

ASSOCIATION 

The  National  Electric  Light  Associa- 
tion is  now  conducting  an  educational 
course  for  men  in  the  commercial  de- 
jiartments  of  public  service  companies. 
This  is  in  the  nature  of  a  correspond- 
ence course,  with  classes  to  be  organized 
in  each  district.  The  subjects  taught  are 
mainly  selling,  metering  and  rates,  light- 
ing and  power.  The  charge  for  this 
course  is  nominal  and  is  open  to  mem- 
bers of  the  Association. 


FORMATION  OF  N.E.L.A.  TECH- 
NICAL SECTION 

Plans  are  under  way  for  the  definite 
organization  of  a  new  technical  and 
hydro-electric  section  of  the  National 
Electric  Light  Association.  This  new 
section  will  consist  of  several  thousand 
members  and  will  take  under  its  juris- 
diction all  of  the  technical  topics  on 
overhead  lines,  prime  movers,  elec- 
trical apparatus,  underground  construc- 
tion, electrical  measurements,  etc.  This 
section  should  give  added  strength  to  the 
N.E.L.A.  and  make  the  Association  de- 
cidedly more  popular  with  men  inter- 
ested in  technical  work. 


NEW  BOOKS 

"Effective  Business  Letters"  —  Edward 
Hall  Gardner.  376  pages.  Published 
by  Ronald  Press  Company.  For  sale 
by  The  Electric  Journ.^l.  Price  $2.00. 
This  book  is  written  for  those  who 
are  in  business  or  intend  to  enter  busi- 
ness, and  endeavors  to  supply  the  need 
for  a  handbook  containing  in  systematic 
form  the  principles  embodied  in  the  best 
modern  business  letters.  To  attain  good 
salesmanship  and  express  the  ideals  of 
service  in  every  letter  is  the  purpose  of 
the  best  firms  today.  This  book  en- 
deavors to  show,  by  means  of  detailed 
treatment,  just  how  that  purpose  is  car- 
ried out.  The  book  has  been  developed 
from  a  course  in  commerce  in  the  Uni- 
versity of  Wisconsin.  In  addition  to 
general  discussions  on  letters,  chapters 
are  included  on  credit  and  collection 
letters,  sales  letters,  principles  of  effec- 
tive writing,  form  letters  and  filing  cor- 
respondence. Common  mistakes  in  let- 
ter writing  are  also  indicated  along  with 
the  correct  expressions. 


"Properties  of  Steam  and  Ammonia" — 
G.  .A.  Goodenough.  108  pages,  6;jX9K- 
inches.  Published  by  John  Wiley  & 
Sons,  New  York  City.  Price  $1.25. 
The  tables  of  the  properties  of  satur- 
ated and  superheated  steam  here  pub- 
lished are  based  on  a  new  formulation. 
-\  more  complete  exposition  of  this  is 
given  in  Bulletin  75  of  the  Engineering 
Experiment  Station  of  the  L'niversity  of 
Illinois.  Tlie  tables  of  the  properties  of 
annnonia  are  leased  on  a  formulation 
worked  out  by  the  author  and  Mr.  W.  1^. 
Mosher.  The  introductory  chapter  con- 
tains a  condensed  discussion  of  the  ther- 
mal properties  of  steam,  indicating  the 
various  methods  used  for  computing 
steam  tables,  followed  by  a  chapter  on 
tlic  thermal  properties  of  ammonia.  A 
luimber  of  tables  are  given  on  saturated 
steam,  superheated  steam,  properties  of 
ammonia  (saturated  and  superheated), 
with  tables  of  logaritluns,  natural  and 
Napierian,  and  conversion  tables. 
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NEW  BOOKS 

"Financing  an  Enterprise"  —  Francis 
Cooper.  509  pages,  5x7  inches.  Pub- 
lished Ijy  the  Ronald  Press.  For  sale 
by  The  Ei.iicTRic  Journal.  Price  $3.00. 
The  proper  time  to  size  up  the  possi- 
bilities of  a  business  enterprise  is  at  its 
inception,  and  a  true  analysis  will  dis- 
close the  facts  if  the  project  is  attrac- 
tive to  capital  or  whether,  on  the  other 
hand,  money  should  not  be  sacrificed  in 
an  evidently  losing  venture.  The  au- 
thor's endeavor  has  been  primarily  to 
show  what  must  be  done  in  preparing  a 
prospectus  to  bring  out  the  points  that 
invite  capital  and  at  the  same  time  em- 
phasizes that  misrepresentation  must 
be  avoided  and,  furthermore,  denotes 
the  measures  that  should  be  taken 
by  those  who  will  provide  the  capital 
outlay  in  order  to  protect  themselves 
against  deception.  The  different  meth- 
ods of  reaching  the  different  classes  of 
investors,  both  large  and  small,  in  pri- 
vate and  public  presentation  is  fully  dis- 
cussed. Many  bases  of  capitalization 
are  also  taken  up  in  a  comprehensive 
way.  With  chapters  devoted  to  patents, 
rights,  monopolies  and  other  factors  of 
securities,  and  with  one  covering  ques- 
tions to  be  raised  by  the  investor,  the 
book  is  at  once  made  useful  both  to  the 
inexperienced  promoter  and  the  general 
run  of  investors.  Warning  is  given 
against  irresponsible  and  incompetent 
promoters  and  against  unscrupulous  ma- 
nipulators and  all  kinds  of  fraud.  The 
subject  has  been  treated  in  an  extensive 
manner  and  its  general  value  is  fairly 
indicated  by  the  demand  for  preceding 
editions.  E.  D.  n. 


"Annual  Report  of  the  Department  of 
City  Transit  of  the  City  of  Philadel- 
phia." 168  pages,  91  maps  and  plates. 
Issued  by  the  City  of  Philadelphia. 
The  October,  1914,  issue  of  the  Jour- 
nal contained  an  elaborate  article  by 
Mr.  A.  Mcrritt  Taylor,  Director,  De- 
partment of  City  Transit,  on  the  method 
of  investigating  the  traction  problem  in 
Philadelphia.  Mention  was  made  in  this 
article  of  Volumes  I  and  II  of  the  Re- 
port of  the  Transit  Commissioner  issued 
in  1913.  The  present  volume  is  the  re- 
port for  the  year  1914.  It  is  issued  in 
smaller  6x9  size,  and  the  maps  are  in- 
cluded in  the  same  volume  instead  of  a 
separate  one  as  in  the  previous  report 
During  Jte  year  an  engineering  force  of 
one  hu^^'ed  men  has  been  working  on 
plans  for  the  new  high-speed  lines. 
Plans  have  al.so  been  under  considera- 
tion for  extensions  to  the  surface  lines. 
A  number  of  modifications  to  the  previ- 
ous report  are  recommended  as  being 
desirable  under  present  conditions.  An 
exhaustive  investigation  of  the  exchange 
system  was  carried  out.  The  elaborately 
colored  maps  themselves  arc  well  worthy 
of  diligent  study  by  any  one  interested 
in  city  transportation  problems. 


an  attempt  to  perfect  operation  and 
equipment.  A  new  system  of  througli 
routes  was  inaugurated  in  1912  in  an 
attempt  to  simplify  operations  through 
the  downtown  district  and  at  the  same 
time  meet  the  increased  demand  for  ser- 
vice in  the  outlying  districts.  Gross  re- 
ceipts increased  5.4  percent  over  1911, 
and  the  earning  capacity  for  the  year 
was  8.48  percent  upon  the  capital  in- 
vested. During  tlie  year  the  total  pas- 
sengers carric<l  by  the  Chicago  Traction 
lines  passed  the  billion  mark.  Accord- 
ing to  present  estimates,  it  appears  that 
the  surface  line  traffic  alone  will  likely 
double  in  twelve  or  fourteen  years.  The 
financial  exhibits  compose  the  greater 
part  of  the  report,  followed  by  sections 
on  track  and  roadway,  electric  power 
distribution,  cars  and  car  operation  and 
official  records. 


"Sixth  Annual  Report  of  the  Board  of 
Supervising  Engineers — Chicago  Trac- 
tion."     534    pages,    illustrated.      Pub- 
lished by  the  Board. 
This    report    covers    the    fiscal    year 
ended  Jamiary  31,  1913,  and  presents  the 
results    of    the    first   year    of    operation 
since  the  immediate  rehabilitation.   Hence 
during   1912  all   of   the   properties   were 
operating    under    fairly    normal    condi- 
tions, and  the  board  at  present  is  acting 
almost  entirely  in  a  supervising  capacity. 
During   the   j'ear    several    investigations 
and  trafiic  analvsis   were  undertaken   in 


35300  KW  TURBINE  FOR  CHICAGO 

COMMONWEALTH  EDISON 

COMPANY 

The  Commonwealth  Edison  Company 
has  purchased  from  the  Westinghouse 
Electric  &  Mfg.  Company  a  tandem- 
compound  Parson  type  turbine  and  gen- 
erator rated  at  35  300  kw  at  85  percent 
power-factor,  three-phase,  60  cycles, 
12000  volts,  1200  r.p.m.,  with  direct  con- 
nected exciter.  This  will  be  the  largest 
60  cycle  set  ever  placed  in  service.  This 
machine  is  to  be  installed  in  the  com- 
pany's Northwest  station. 


FINDING  AND  STOPPING  WASTE 
IN  MODERN  BOILER  ROOMS 

This  is  the  title  of  a  68-page  book  dc- 
vt)ted  to  the  use  and  design  of  Cochrane 
meters,  issued  by  the  Harrison  Safety 
Boiler  Works.  Philadelphia,  Pa.  The 
value  of  feed  water  and  condensate 
meters  as  aids  in  the  management  of 
power  plants  is  taken  up  in  detail  in 
the  introductory  part  of  the  book,  cov- 
ering among  other  factors,  grades  of 
fuel,  grates,  methods  of  firing,  air  leaks, 
control  of  draft,  condition  of  gas  pass- 
ages, scale  and  soot  on  boiler  tubes,  radi- 
ation, etc.  With  a  feed  water  meter  in- 
stalled, it  becomes  possible  to  measure 
the  effect  of  changes  in  connection 
with  these  several  factors,  the  overall 
efficiency  and  economy,  and  the  ways 
and  means  of  obtaining  the  desired  re- 
sult having  been  ascertained,  the  man- 
ager or  engineer  is  in  a  position  to  in- 
sist upon  good  results  continuously,  that 
is,  with  facilities  for  continuous  quanti- 
tative measurements  and  records  as  af- 
forded by  this  apparatus,  scientific  man- 
agement becomes  easy  and  natural,  and 
standard  rules  of  operation,  such  as  di- 
rections for  handling  fires,  regulation  of 
draft,  blowing  of  soot,  banking  of  fires, 
carrying  overloads,  etc.,  can  be  written 
out,  so  that  any  man  following  them 
can  obtain  good  results.  The  use  of 
records  furtlier  arouses  the  ambition 
and  spirit  of  emulation  of  the  men,  and 
makes  it  possible  to  reward  special  skill 
or  attention  to  duty,  as  by  bonuses  or 
promotions.  In  the  subsequent  sections 
of  the  book,  the  Cochrane  metering 
heater  (combined  open  feed  water  heater 
and  hot  water  meter),  with  its  several 
modilications,  is  described  in  detail,  as 
also  the  Cochrane  flow  recorder  for  use 
in  comicction  with  \''-notch  weirs.  In 
the  last  pages  of  the  book  a  new  type  of 
meter,  working  on  the  voltumetric  prin- 
ciple, by  means  of  which  it  is  possible  to 
obtain  great  accuracy,  as  within  one- 
third  of  one  percent,  is  described. 
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Rotary  Converters o 

Storage  Batteries 'i 

Transformers — Reactance  Coils ....  5 

Condensers 5 
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Lighting 6 

Power  —  Motors  and  Application — 
Heating  Apparatus -Welding  -Mag- 
nets     6 

Intelligence  Transmission 7 


RAILWAY  ENGINEERING 


General . 


7      Systems— Single-Phase    7      Cars  and  Locomotives 


General 
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THE  JOURNAL  QUESTION  BOX 


References  in  the  Inde.x  to  the  Journal  Question  Box  are  given  by  numbers. 

during  191 1  and  191.5  appeared  as  follows: 


The  questions  and  answers 


1914  191S 

JANUARY 1007-1025  1140-1151 

FEBAUARTT 102S-1040  1152-11G6 

march: 1167-1180 

AFRII, 1041-1053  1181-1185 

MAT 1054-1064  1186-1190 

JTJN-E 1191-1198 


1914  1915 

JULY 1065-1075  1199-1207 

AUGUST 1076-1110  1208-1210 

SEPTEMBER 1111-1127  1211-1231 

OCTOBER 1232-1245 

NOVEMBER 1128-1135  1246-1257 

DECEMBER 1136-1139  1258-1264 


MECHANICAL    ENGINEERING 


Recent  Developments  In  Air  Brakes — 

H.  C.  I>onaldsoTi,  Variable  load  brake. 
Empty  load  brake.  Universal  equip- 
ment. 1-4,  W-3140.  Vol.  XII,  p.  -167, 
Oct..    '15. 

DrilliniT  Square  and  Hexag'onal  Holes 
— 1.'.  n.  Ali.'i.  J-4,  W-5C0.  Vol.  XI,  p. 
99.   Feb.,     14. 

Die  Castings — W.  H.  Scherer.  C-1, 
D-1,  1-3,  W-2340.  Vol.  XII,  p.  109,  Mar., 
•15. 


The    Development    of    the    Oscillator — 

I'.  M.  Liincoln.  Magnetic  and  mechani- 
cal types.  D-2,  I-l,  W-1350.  Vol.  XII, 
p.    162.   Apr.,   'lo. 

The  Modern  Water  Wheel — P.  M.  Lin- 
coln. (10)  \V-41n.  Vol.  XII,  p.  341, 
Aug.,   '15. 

Tests  of  Railway  Motor  Gearing — II. 
K.  Hardcastle.  T-1.  1-4,  W-iIOU.  Vol. 
XIT.   p.   .^.2S.    Nov..   'la. 

Belt    Slippag-e — QB,    1050. 


Care  of  Belts— QB,   1223. 
EfBciency   of   Tiu-bines — QB,    1097. 
Air    Couapressor    Operation — QB,    1107. 
Super-heated  Steam— qB.   1126. 
Pumps   in   Tandem — QB,    1146. 
Silvering-  a  Mirror — QB,   1149. 
Air  Moved  by   Fan— QB.   1239. 
Pitting'  of  Tubes — QB.   1150. 
Effect    of    Gas    on    Engine    Farts — QB, 
1259. 


ELECTRICAL    ENGINEERING 


Reviews  of  Progress  in  the  Electrical 
Field  during  1913 — A  Business  Survey, 
G.  K.  Tripp;  Development  in  Xew  York 
City,  H.  W.  Flashman;  Government  En- 
gineering Work,  H.  M.  Southgate;  A.  E. 
R.  A.,  Chas.  M.  Black;  A.  I.  E.  E.,  F.  L. 
Hutchinson:  The  Steam  Power  Plant 
Situation,  H.  A.  Rapelye;  Air  Brake  De- 
velopment, S.  W.  Dudley;  Railway  Sig- 
naling. Harold  McCready;  General  Ap- 
plication of  Electric  Power,  H.  D. 
James;  Detail  Apparatus,  G.  Brewer 
Griffin:  Central  Station  Apparatus.  E.  P. 
Dillon;  Industrial  Motor  Applications, 
J.  M.  Curtin;  Railway  Apparatus,  G.  M. 
Eaton;  Industrial  Training,  C.  R.  Doo- 
ley;  Electric  Vehicles,  Bernard  Lester: 
Transformer  Progress,  W.  M.  McCono- 
hey;  Industrial  Engineering,  J.  M.  Hip- 
pie; Generating  Apparatus,  F.  D.  New- 
bury: Detail  Apparatus,  T,  S.  Perkins; 
Mazda  Ijamps,  W.  H.  Rolinson.  (E)  W- 
24400.      Vol.   XI,   pp.    3    to   27,   Jan.,    '14. 

Electrical  Progress  for  1914 — p.  M. 
Lincoln.  (E)  W-2930.  Vol.  XII,  p.  1. 
Jan.,   '15. 

The  Trend  of  Electrical  Development 
— V.  M.  Lincoln.  Elt^cienc^^  Tempera- 
ture. Costs.  W-4160.  Vol.  XI  [,  p.  356, 
Aug..   ■!-,. 

The  Effect  of  Federal  Iieglslatlon 
upon  Public  Utilities — G.  E.  Tripp.  I-l, 
\V-800.      \'ol.    XI,    p.    503.    Oct..   '14. 

TTtilltles  from  the  Public  Viewpoint — 
Calvert  Townlev.  (E)  \V-65o.  Vol.  XI. 
p.  500,  Oct.,  '14. 

The  Public  Demand — T.  P.  Gavlord. 
(E)    \V-500.      Vol.   XII,    p.    432,   Oct..   '15. 

Progress  in  the  Electric  Industry — L. 
A.  Osborne.  (E)  W-625.  Vol.  Xll,  p. 
221,  June.   '15. 

Present  Commercial  Conditions  In 
South  America — Calvert  Townley.  T-1, 
1-3,    \V-252ii.      Vol.   Xll,  p.   295,   July,  '15. 

<E)    E.   M.   Ilerr.      \V-600.      p.   293. 

Balanced  Engineering — B.  A.  Behrend. 
\V-1220.      Vol.    XII,   p.    521.    Nov.,   '15. 

Psychology  of  Public  Utilities — 
George  1'.  Koux.  W-1500.  Vol.  XII,  p. 
513.    Nov.,   '15. 

The  Snail  Shell — An  Example  in  Capi- 
talization—  i;.  .\.  Philip.  I-l,  W-1C40. 
Vol.  XII.  li.  526.   Xov.,  '15. 

An  Opportunity  for  the  A.E.R.A. — X. 
\V.  Storer.  (E)  W-13SII.  Vol.  XI.  p. 
499.   Oct..   '14. 

The  'Work  of  the  N.  E.  L.  A.  in  1913 
— J.  r..  MiCall.  \V-2  2ilO.  Vol.  XI,  p. 
294.   June,   '14. 

The  N.  E.  L.  A.  for  1915 — H.  H.  Scott. 
W-740.     Vol.  Xll.  p.  224,  June,  '15. 

Editorial  Resume — (E)  W-SOO.  Vol. 
XI.   p.   ?.:<?..  June,   '14. 

The  Risk  Involved  in  Directing  a 
Stream  of  Water  onto  a  High  Tension 
tine— T-2.  (•-?..  I-l,  W-134II.  Vi.l.  XI, 
p.    4511,    .\UK..    '1  4. 

The  Engineering  Evolution  of  Electrical 
Apparatus — 

I — The  Heginnings  of  the  Alternating- 
Current  System — Chas.  F.  Scott.  C-1, 
1-13,   W-6775,     Vol.  XI,  p.    28,   Jan.,   '14. 

II,  III,  IV — The  Alternating-Current 
Generator  in  America — B.  O.  Lamme. 
D-2.  1-29,  W-16  000.  Vol.  XI,  p.  73. 
Feb.,  '14;  p.  120,  Mar.,  "14;  p.  221,  Apr.. 
'14. 

V,  VI — The  Evolution  of  the  Poly- 
phase Induction  Motor — R.  S.  Feicbt. 
1-29.  W-7840.  Vol.  XI,  p.  39S,  Julv,  '14: 
p.    437,   Aug.,  '14. 

VII — The  Evolution  of  the  Traiis- 
former— J.  S.  Peck.  1-19,  W-4340.  Vol. 
XI.  p.   476,  Sept.,  '14, 


GENERAL 

VIII — The  Evolution  of  Industrial 
Controllers — T.  S.  Perkins.  D-1,  1-30, 
\V-3720.     Vol.  XI,  p.  695,  Dec,  '14. 

IZ — The  History  of  the  Rotary  Con- 
verter in  America — F.  D.  Newbury.  D- 
2,  1-24.  \\'-61'J0.     Vol  XII,  p.  27,  Jan.,  '15. 

X,  XI,  XII,  XIII — The  Development  of 
the  Direct-Current  Generator — B.  G. 
Lamme.  I-IO,  W-30  130.  Vol.  XII,  p. 
65,  Feb.,  '15;  p.  115,  Mar.,  '15:  p.  104, 
Apr.,   '15;   p.    212.   Mav,   '15. 

XIV,  XV,  XVI— The  Evolution  of  the 
Switchboard — B.  P.  Rowe.  1-66,  W- 
10  450.  Vol.  XII,  p.  320,  Julv,  '15;  p. 
370.  Aug.,  '15;  p.  408,  Sept.,  '15. 

XVII,  XVIII — The  History  of  the  Arc 
Lamji — F.  Conrad  and  \V.  A.  Darrah.  D- 
5,  1-23,  \V-542(i.  Vol.  XII,  p.  517,  Nov., 
'15;    p.    560.    Dec.    '15. 

Trees  Xllled  by  Electricity — QB,   1226. 

MATERIALS 
Insulation 

Some    Practical    Insulation    Problems 

— B.  G.  Lamme.  Heat  conductivity.  Me- 
chanical strength.  Moisture  proofing. 
W-5000.      Vol.    XII,   p.    39,   Jan.,   '15. 

Industrial  Motor  Insulation — J.  L. 
Rylander.  W-1S60.  Vol.  XII,  p.  55S, 
Dec,   '15. 

The  Electrolytic  Insulation  of  Alum- 
inum Wire — C.  E.  Skinner  and  L.  W. 
Chubb.  Process.  Properties.  "T-l,  D-5, 
\V-2170.      Vol.   XII,    p.    78,   Feb.,   '15. 

A  Quality  Test  for  Sheet  Insulation 
— Phillips  Thomas.  Comparison  of 
power-factors  as  low  as  0.5  per  cent  in 
capacities  as  small  as  0.0005  microfa- 
rads. D-3,  W-2120.  Vol.  XI.  p.  628, 
Nov.,   '14. 

Methods  of  Testing  Electrical  Porce- 
lain— A.  Cliernyshoff  and  C.  ,\.  Butman. 
Short  impulse.  Single  impact  and  high 
frequency  methods.  The  theory  of  ioni- 
zation. T-S,  C-2,  D-3,  1-13,  W-4540.  Vol. 
XII,  p.   2S2,  June.  '15. 

Vacuum    Impregnating — EX. XI 1, 4 6. 

Voltage    Gradient  — EX. XII, 46. 

Gauze  Tape  — KX  XI  1.46. 

Insulation  Resistance — EN, XII,    85, 

Insulation   Burn-Out — QB,    lOSS. 

Bakelite   Impregnation — QB,    1100. 

Removing   Insulation — QB,    1103,    1137. 

Insulator  Cement — QB.    1145. 

Frost  on  Insulators — QH.    1195. 

Detecting  Faulty  Insulators  —  QB, 
1210. 

Varnishes — QiB.    1227. 

MEASUREMENT 
General 

Measuring    Idle    Volt-Amperes — H.    B. 

Tavlor.  Wattmeter  cunncctions.  D-2, 
1-2,  T-1.  ^-1200.  Vol.  XI,  p.  97.  Feb., 
'14. 

Central  Station  Testing  Department* 
— Alex.-mder  Maxwell.  D-1.  W-2240. 
Vol.   Xll,   71.    230,    June,   '15. 

Advantages  of  the  Z  Connection — .\. 
J.  A.  Peterson.  T-2.  D-15,  W-1940.  Vol, 
Xn.    p.    522.    Xr.v..   '15 

Current  in  Three-Phase  Circuit  with 
One    Ammeter     C}]',    ln:ui. 

Power  in  One  Direction — QR.   1148. 

Power  Measurements — QB,    1212,   1213. 

Meters 

Types   and   Uses   of   Graphic   Meters — 

Paul  M;iil',;ih:in.  C-3.  1-4.  W-25ilO.  Vol. 
XI,    p.    309,   June.   '14. 


Constant   of — QB,    1044. 

Portable  Indicating  Meters — H,  B. 
Tavlor.  1-5,  \V-2335.  Vol.  XI,  p,  373, 
June.     14. 

Classification,  Construction  and  Ap- 
plication of  Graphic  Recording  Meters — 
A.  K.  Allun,  li-l.  1-5,  \V-325ii.  Vol. 
Xll,    p.    497,    Nov.,   '15. 

Inst.  Trans.   Ratio — QB,    1094, 

Multiplier — QB,    1155. 

Ammeter    Shunt — QB,    1251. 

Wattmeters 

Watt-Hour      Demand      Meters — C,      A. 

Boddie.  I'rinciiiles  of  operation.  Ap- 
plication. 1-7.  \V-3  180.  Vol.  XI,  p.  314, 
June,  '14. 

Calibration— Qn,    105S. 

■Wattmeter  Connections  —  QB,  1067, 
1151.    11S5.    1225, 

Capacity   of   Meter   Trans. — QB,    1105. 

Three-Phase    Iieads — QB,    112S. 

Testing   Speed — Q\),    1138. 

Testing  Polyphase — QB,    118  2. 

Wattless  Component  Meter — QB,  1190. 

Relays 

The  Protection  of  Transmission  Cir- 
cuits by  Relays — F.  E.  Ricketts.  C-5, 
D-5.    I-l.   \V-29S5.  Vol.  XI,  p.  227,  Apr., '14. 

I  El    I'.   Ma.'Gahan.     W-350.  p.   185. 

A  liOad  Proportioning  Relay — B.  H. 
Smith.  For  dividing  the  load  between 
direct  and  alternating-current  systems 
through  a  motor-generator  set.  D-2,  1-3. 
\V-1  055.     Vol.  XI.  p.    2S5.   May,  '14. 

A  Series-Transformer  Tripping  De- 
vice for  Circuit  Breakers — B.  H.  Smith. 
With  time  element  relav.  D-2.  1-2,  W- 
800.      Vol.   XI.   p.   620.   Nov.,   '14. 

(E)     T.    A,    McDowell,      W-41(l.    p.    609. 

The  Selective  Time  Element  of  Relays 
— I''aul  MacGahan.  Types.  Relation 
to  circuit  breaker  rating.  C-3,  D-2,  1-4, 
W-24S5.     Vol.  XII,  p.   91.  Mar.,  '15. 

(E)    F.    E.    Ri<'kelts.      W-365,    p.    90. 

Reverse  Power  Relays — Paul  MacGa- 
han and  P.  H,  Smith.  Development, 
construction  and  <ij»plication.  C-.3,  D-4, 
I-IO,  W-3900.    Vol.   .KIl.  p.   417,  Sept.,  '15. 

Shunt  Field  Protective  Relays — J.  H. 
Albrecbf.  C-1.  W-57II.  Vol.  XII.  p.  566. 
Dec.,    '15. 

Overload  Relays  for  Isolating  Defec- 
tive Apparatus — M.  Cornelius.  D-5.  W- 
10711.      Vol,    XII.    p.    366.    Aug,,   '15. 

Over-Load  Relays — QB.   10.S6. 

Reverse  Phase  Relay  Magnet — QB, 
1235. 

THEORY 

Tlie    Analysis    of    Periodic    Waves — L. 

W.  Chubb.  Description  of  a  mechanical 
analvzer.  C-4,  1-5,  W-3500.  Vol.  XI,  p. 
91.    Feb.,    '14. 

(K)    C.   E,   Skinner,      W-35n,  p,   71. 

Polar  and  Circular  Oscillograms — 1-. 
W.  Chubb.  Their  pr.actical  application. 
C-5,  1-3.  W-4  285.  Vol.  XI.  p.  262,  May. 
'14. 

Derivation  of  Wave-Form  of  Flux 
from  Wave-Form  of  Electromotive- 
Force —  F.  I'.edell  -Av.d  l;,  B.iwn,  T-3.  W- 
295H,      Vol,    XII.   p.    23.   Jan..   '15. 

(E)    I,.    W.    Chubb.      W-590.    p.    4. 

Elementary    Principles   -EN.XIT, 4  6. 

Vector   Conventions — EN, XIT. 125. 

Definition  of  Watt — (;ir,.   1062. 

Resistances   in   Parallel — QB,    1092. 

V-Connection   -QB.    1139, 

Arcing  Ground — QB.  120,^. 

Leakage  Current — QB,   122S. 
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POWER  PLANTS 

(Sci-     ItiliZiltHiil.     p.     6) 

Excitation  and  Voltage  Control — J.  A. 

Joliii.son.  \\  iUi  siJeuiul  rel'c-i-eiice  to  Ihe 
nlanl  of  the  Untaiio  I'ower  Company  or 
Niat'iua  I'-alls.  C-1.  U-6,  I-o,  VV-4S3U. 
Vol.   XI,   I),   till',   Nov..   '14. 

(E)    r.  M.    i.iiicoli..      \V-410.  p.  609. 

Kydro-Electric  Development  —  C.  S. 
Cook.  (H)  \V-5C0.  \()l.  XII,  p.  :M1, 
Aug.,   '!■'>.  „ 

Chang^es  in  New  York  Power  Houses 
—(■has.  K.  SioU.  (!•:>  \S'-li;ilu.  Vol. 
XII,   p.    --1,   .June,    '10. 

Railway  Iioads  for  Central  Stations  - 
G.    !■;.   MilkT.      \V-12S0.      Vol.   XII,   p.   2:!3, 

The  Relation  of  Plywheel  Effect  to 
Speed  l-luctuations  in  Waterwheel  Units 

].'.      1).      .N.wl.iiry.      I-T.    \V-3-ti".       \<il. 

xii,  I).  :m:;.  .\uk'.,   i.'i. 

I  |.;i    .1     11.    W  ilsuii.      W-SOO,   p.   342. 
Exciter  Trouble     QB,   1U31.   1134. 
Unsteady  Voltage    -QD,   1034. 

DESCRIPTIONS 

The  Canadian  Niagara  Power  Com- 
pany's Plants— L.  li.  1  inlay.  Spiicial 
fialuii-s  of  llu:  power  plant  equipment. 
1)-1,  1-14,  \V-2315.  Vol.  XI,  p.  302,  June, 
'14. 

Brunots  Island  Power  Station,  Pitts- 
burgh— 1'".  riil.-nllaul.  .11-..  Il-l,  C-1.  1-14, 
\V-4710.      Vol.    XU.   p.    24  1.  .June,   'la. 

The  take  Spaulding — Drum  Power 
Development  of  the  Pacific  Gas  and 
Kleeirir  Company.  1-12,  W-2450.  Vol. 
XII.   p.    2ll.'>.   .1  une.   '1,'>. 

SUBSTATIONS 

Charleroi  Substation  of  the  Pitta- 
burgh   Railways   Company — G.    C.    Heck- 

,■]■.      1-11.    \\-2;.iU.      Vol.   XI,  p.   6311,  Nov., 

EfSciency    of    Railway    Substations — 

I,  I'.  Cretelius.  'l"-2,  C-1,  \V-770.  Vol. 
XI,   p.    r.4  3,    (let,,   '14. 

The  Increasing  Importance  of  tne 
Substation  C.  .■<.  I'oi.k.  (E)  W-440. 
Vol.  XII.  p.   12!i.  Apr.,  'ir,. 

A  100  000-Volt  Portable  Substation — 
C  I.  Burkholder  and  N.  Stahl.  A  poly- 
phase transformer  station  for  vario(;s 
voltages.  D-1,  1-7,  W-2670.  Vol.  XII, 
p.    143,    Apr.,    '15. 

(Kl    \V.    S.    I'aiKK.      \V-4|0.    p.    120. 

A  1500- Volt  Portable  Railway  Sub- 
station- 10.  !•'.  Taylor.  A  converter  sub- 
station on  the  i'iedmont  Lines.  1-3,  W- 
1320.     Vol.   XII,  p.   152,   .\pr.,  '15. 

The   Field  of  the   Outdoor  Substation 

L    C    Hart.     Keonomie  considerations. 

n-1.  1-9,  W-1410.  Vol.  XII.  p.  15S,  Apr. 
'15. 

(E)    II.    11.    Kllrtcl.      \\'-50ll.   II.    131. 

A  1500-Volt  Converter  Substation  — 
O.  Wortman.  1-2,  \V-33ii.  Vol.  Xll.  p. 
482.  Oct.,  '15. 

DYNAMOS  AND  MOTORS 


General 

Ventilation  of  Rotating  Eloctrlcal 
Apparatus  -I!.  !■'..  Gilm.in.  l-'.i.  \V-351(I. 
Vol.   XI.  p.   20S.   .\pr..  '1  I. 

(I-;)    F.    11.    .Xewlnirv.     \V-47ii.    p.    1S3. 

Conditioning  Air  for  Generator  ■Ven- 
tilation— W.  \V.  Stevenson.  C-1.  U-1. 
1-5,  \V-1820.     Vol.  XI,  p.  213,  Apr.,  '14. 

(E)   .1.  I-.  Harvey.     W-OSO.  p.  184. 

Industrial  Motor  Insulation — J.  \j. 
liyUuulcr.  \V-1m;ii.  \'..1.  XII,  p.  558. 
llec.    'l.'i. 

Motor  Armatures  of  Different  Diam- 
eters—E.    .\.    Kew.     W-rJlli.      V..1.   Xll.   p. 

r.i-i7.  Pec  ,  -ir. 

Size    and    Horse-Power — EN. XI  1,125. 
Rad'rs  of  Gvratlon     (JR.    10S5. 
Insulation    Burn-Out     QI!,    loss, 
Removint  Insulation — QB,  1 103. 
Motorizing     i.'l'-.    1207. 

GrNEBAL    TESTS 

Shop  Testing  of  Electrical  .Apparatus. 
XIII — Potary  Converters.  Resistances. 
Preliminarv  inspection.  Voltaste  ratio. 
Ptartins  tests.  Core  loss  and  satura- 
tion. VoUace  control.  Methods  of  load- 
ing. Synchronous  booster  .diivertors. 
Temper.-iture  tests.  Efficiency  by  losses. 
T-7  C-2.  n-5.  T-3.  ■W-5750.  Vol.  XI.  p. 
56.  '.Tnn..    '14.  „.  .     , 

X''V — Induction  'Motors.  The  circle 
diagram  method.  The  pnmy  braise  m-th- 


GENERATION 

AND     ALL    PARTS    OF    ROTATING    MACHINES) 

od.  C-3,  1-2,  T-U,  \V-535U.  Vol.  ,K1,  ji. 
luO,  l-'eb.,  '14. 

(E)    E.  I.  Chute.    W-C60.  p.  71. 

XV — Induction  Motors  (Concl.)  The 
symbolic  melhod.  aingle-Phase  Motors. 
The  Branson  method.  Temperature 
tests.  Commercial  tests.  C-3.  T-4,  W- 
3400.     Vol.  XI.  p.   17S.   Mar.,  '14. 

XVI — Single-Phase  Transformers.  Ra- 
tio. Polarity.  Parallel  test.  Measure- 
ment of  resistances.  D-7,  \V-2230.  Vol. 
VI.   p.   231,   Apr.,   '14. 

XVII — Single  -  Phase  Transformers. 
Core  loss.  Impedance.  Regulation.  Ef- 
liciency.  D-9,  VV-3  130.  Vol.  XI,  p.  287, 
May,  '14. 

XVIII  —  Single-Phase  Transformers 
(Cont.)  Temperature  run.  Insulation 
tests.  D-6.  I-l,  W-4350.  Vol.  XI,  p. 
411,  July.  '14.  „  ^.      , 

XIX — Chas.  Fortescue.  The  Circle 
Diagram  for  Single-Phase  Transform- 
ers.    D-2,  VV-900.     Vol.  XI.  p.  449,  Aug., 

(E)   Chas.  R.  Rilier.  ■W-470,  p.  420. 

XX — Three-Phase  Transformers.  Re- 
sistance, core  loss,  copper  loss  and  impe- 
dance, temperature,  insulation,  regula- 
tion and  efflciency.      D-ll,   \V-227o.     Vol. 

XI.  |).  4.s;t,  Stilt..  '1 1, 

Experimental  Temperature  Measure- 
ments of  Electrical  Machines     O.   \V.  A. 

c  letting.  Effects  of  temperature.  Rise 
by  resistance.  Thermo-couples.  (-1, 
l)-'^    W-Sniin.     Vol.  XI,  p.   85.  Feb.,  '14. 

IF.)    I'has.    l:.    Kikir.      \V-450,  p.  72. 

Acceptance  Tests — QB.  1011. 

COMMUTATOR    and    COLLECTOR 
RINGS 

Commutator    Soldering— EX, XII,33S. 
Collector  Rings-   (J IJ,   1035. 
Current   Collection — (JB,    1040. 
Collector  Rings     (JB,    1014. 
Commutator  Trouble — (.JB,   1035. 
Selection  of  Brushes — (ili,  1110. 
Cleaning   Commutators — QB,    1133. 
Sand  Papering — ijl'.,    Il,")!i. 
Brush   Setting — (Ji;.    1197. 
Flat  Spots  -1,1  P.    U'lt'.. 

BEARINGS   AND  PARTS 

Babbit    and    Its    Applications — T.     J. 

.Irihnslon.  1-5.  \V-303u.  Vol.  XI,  p.  387, 
.Iul(.    '14.  .  ,   ,    ^ 

Elements  of  Bearing  Design  and  IiUb- 
rication-  Win.  Fool.  <-"-3,  1-11,  \V-2530. 
Vol.   .XI,  p.  3'.il,  .luly.  '14. 

I  lO)    F.  11.   Newbury.     \V-470.  p.  379. 

The  Kingsbury  Thrust  Bearing — H.  .\. 
S  Howarlh.  Theory  and  application. 
T-1,  D-5,  1-9,  ■VV-3070.  Vol.  XII,  p.  351. 
Aug..   '15. 

Direct  Current 

The  Development  of  the  Direct-Cur- 
rent Generator  P.  C.  l.anime.  Bipolar. 
Mullipulur.  .-^lotted  armatures.  Formed 
coils.  Coil  supports.  Field  poles  and 
windings.  Commutation.  Equalizing 
connections.  Mica.  Brushes  and  brush 
holders.  Commutators.  Ventilation. 
Houble  commutator  machines.  Turbo 
generators.  Unipolar  machines.  A.  C.-l>. 
C.  generators.  Compensating  and  com- 
mutating-pole  machines.  High-voltage 
generators  \vithout  commutators.  I-IO, 
\V-30  130.  Vol.  Xll,  p.  65,  Feb.,  '15:  p. 
1(15.    Mar.,    '15;    p.    164,    Apr.,    '15,    p.    212, 

^l":'^''    ■'•'•■  -         .         ^  « 

\  Speed  Characteristics  of  Direct-Cur- 
rent Motors  K.  1..  Hansen  and  C.  G. 
Lewis.  C-S.  1-1,  \V-2070.  Vol.  XI.  p. 
493,   Sent..   'U, 

Direct-Current  Motor  and  Generator 
Diagrams — I'.  H.  Taher.  For  changing 
c-omlilions  of  operation.  T-1,  D-55.  W- 
"iiTM       Vol,    NI.   p.    46S.    Sept..   '14. 

Armature  Reaction  in  Direct-Current 
Machines  -U.  H.  T.ibcr.  Pistorlion  of 
iM-lil  Effect  on  conimutntion.  Brush 
dispiaceinent.      C-3.    1-13,    ■V\''-1730,    p.    65, 

'sparking   and   Plashing  -EN.XIT, 173. 
Bands  vs.  -Wedges  — EN. XI  1.530. 
Armature   Reaction — (.iB.    1055.    112n. 
Changing    Motor    to    Generator  —  QB. 

Shape    of    Pole    Tips— QB,    1074. 
Rewinding  -iiP,    '068. 
Idle    Coil     'JP.    1064. 
Power  to  Accelerate — (,iB.  1027. 
Automobile    Generators — QH.    1041. 
rhanging    Voltage — iDP.    I^IS. 
Reversal     of     Elevator     Motor  —  QB, 
107  8. 


Dynamic  Braking — QB,    1098. 

D.  C.   Boosters     (Jl..    1157. 

Sp.arking  on  Half  Voltage— QB,   1163. 

SHUNT    AND    COMPOUND 

Operation  of  D.  C.  Motors  as  Genera- 
tors B.  U.  Cluilto.  'i'-l,  \\ -OSU.  Vol. 
Nil,   p.    52'J,    Nov.,   '15. 

Shunt  Pield  Protective  Relays — J.  H. 
Albrecht.  I  -1,  \V-570.  Vol.  Xil,  p.  566, 
IJec,  '15. 

Field    Rheostats — EN,XII,46. 

Field    Discharge— E.N. Xll. 491. 

Three-Wire    Generators — EN,X1I,383. 

Induced  Voltage  in  Pield — QB,  lo2S. 

Exciter  Trouble-   QB,  1U31,  1134. 

Demagnetized  Pield— QB,   1086. 

Regulation-  (J  1 1,    lnS". 

Balancer  Set-  (jP.   lliiy. 

Building  Up  Exciter  Field — QB,  1177. 
,     M-G.     Sets     for     Moving     Pictures — 
iSB.    IP".. 
ASpeed  Adjustment— QB,  1229. 

Compound    Generator— QTTrT231. 

Calibrated  Motor— QB,  1232. 

SERIES. 

Considerations  in  the  Design  of  Rail- 
way Motors  —  K.  E.  Helliiuind.  1-lu,  \V- 
7!S20.  Vol.  XI.  p.  uUO,  (.let.,  14;  p.  645. 
Nov..    -14. 

The  Electrical  Design  of  Railway  Mo- 
tors— It.  E.  Hellmund.  Rating.  Speed. 
Efflciencv.  T-1,  W-1710.  Vol.  XII,  p. 
74,   Feb..   '15. 

Insulation  Design  for  Railway  Victors 
— l;.  i:.  H.-lliiiuiid.  Matt-rials.  Treat- 
ing. Alipli<'alion.  W-3JS0.  Vol.  Xll. 
p.    104.   ilar..   '15. 

Railway  Motor  Ventilation — B.  E. 
Hellmund.  T-1.  I-2S,  \V-3s70.  Vol. 
XII.    p.    2"4.  Jlay,  "15. 

Commutation  and  Flashing  of  Rail- 
way Motors — It.  E.  Mellmuiid.  C-9,  1>-1, 
I-l.    \V-i;iiin.      Vol.    Nil,   p.    29S,   July,  '15. 

A  Universal  Pressed  Steel  Railway 
Motor— P.  \\'.  Slarlicr.  1.24.  W-2210. 
\'<il,    NT.    p.   5S1.   I).  (..   'II. 

Electric  Vehicle  Motors  —  T.  H. 
Schoepf  and  A.  !>.  Broomall.  C-5.  1-2, 
W-1390.     V'ol.   XII,  p.   112,  Mar.,  '15. 

(E)    Bernard    Lester.     W-570,  p.  90. 

Railway    Motor    Frames     EN, Xll, 85. 

Field  Ahead  of  Armature — EN,XII, 
17:'., 

Arc  Generator  -  I  JP.    P'lii. 

Speed  at  Varying  Voltage — QB,  1029. 

Operation  in  Parallel     QB.  1120. 

Changing    220-Volt   to   110— QB,    1143. 

Rewinding     'jP-.    11^1. 

Shunt  Motor  'Without  Pield  ~QB,  1184. 

Pield  Connections     (JB,   1248. 

COMMUTATING    POIiE 

Two  Commutating  Poles  on  Pour-Polo 

Motors    -KN.NI  l.i".i". 

Checking  Neutral     P.N.XII.Iio. 
Commutating  Poles     (JB.    1111. 
Speed    Regulation — (J  P.    Il'.i2. 
Reactance  Voltage  of-  (JB.    1206. 

Alternating  Current 

ALTERNATORS 

30  OCO  Kw  Turbo-Generators  of  tho 
Interboro  Company — M.  C.  McNeil.  T-1, 
1-11.    \V-227H.       Vol.    XII.    p.    271,    June, 

iiarge     Ttirbine     Alternator    Units — C. 

M.  Hardin  and  S,  I..  1 1.-ndcrson.  T-3. 
1-7     \V-;!  PHI       Vol,   .NI,   11,   319.   June.     14. 

Generator,  Reactance  and  Circnlt 
Breaker  Performance  Under  Short-Cir- 
cuit  Conditions  1".  1 1.  .Ncwb.iry.  \\  .  M. 
Dann  and  J.  N.  ilahoney.  Description 
of  tests.  Results  of  tests.  T-4,  C-7. 
n-l.    1-4,   \V-5430.     Vol.   NI,   p.   188,   Apr.. 

Generator  Short-Circult  Current 
■Waves— F.  D.  Newbury.  A  discussion 
of  terms  and  conditions.  T-2.  C-5.  W- 
3215.      Vol.   XI,   p.   196,   Apr.,  '14. 

i|.;i     P     :M.    T-incoln.      \V-660.    p.    1S3. 

The  Vertical  ■Waterwheel  Generator — 
H  II  Stephens.  ^leclianical  feitiires 
Ventiiation.  Excitation.  I-S.  VV-2O0O. 
Vol.    XII.  p.   347.   .Vug.,  '1  1. 

Characteristics  of  Alternators  whMi 
Exc'ted  by  Armature  Currents — F.  T. 
Hague.      c-2.   W-16110.      Vol.    Xll.   p.    368, 

The  Alternating-Current  Generator  Iji 

America  — B.  G.  T-""'"*'-  .''"v,  .'"-''■  ,Vn' 
1,-,  11,1,1.  Vol.  XI.  p.  73;  Feb.,  '14;  p.  120, 
Jl:ir  .   'PI ;    P,    -'Jl.    -Vpr..   'I  1. 

Synchronous  Impedance — EN.XII.So. 

Short   Circuits     i.i''-.  l"9r.. 
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Parallelingr   Alternators — QLJ,    lOus. 
Phasing'  Out — ijli,   1101. 
Changing-   Voltage — glj,    lOU'J. 
Critical  Speeds — iJB,   1025. 
Rating — i,ili,    lOSJi. 
Drying — yi;,    1US4. 

Inherent  Keactance — QB.   1100,   112!i. 
Elimination  of  Noise — Qll,   1141. 
Excitr.tion     (jr.,    lltfl. 
Escitation     by    Rectified     A.     0. — QB, 
i:;:;i;. 

Current  in  Frame  —  iji:,  HS". 
Synclironizing— i.'l ;,     lulT,     125S. 

SYNCHECNOUS    MOTORS 

Starting-   Syn.   Motor — QB,    1061. 
Syn.  Motor  Trouble — QB,   1083. 
Syn.  Motor  Driving'  Pump — QB,   10 
Syn.     Motor     with     Open     Pield— 


10'. 


Operation  of  Syn.   Motor — QB.    11 
Operating   at  low  Po wer-Pactor- 

IL'IIL'. 

Starting  CIiarr-.cteriEtics — tjB,  120 
Pull-Out  Torq.ire — Q  I ;.  1240. 
Excitation  Chax-acteristios — QB,  1 
Reversing   Rotation — QB.   1249 


01. 
-QB. 

:i. 
-QB, 

0. 
243. 


INDUCTION    MOTORS 

The  Evolution  of  the  Polyphase  In- 
duction Motdr — K.  s.  I'l-iclil.  l-2'.i,  \V- 
7S40.  Vol.  XI,  p.  308,  July,  '14;  v.  4:i7, 
Aug.,  -14. 

Rotor    ■Windings — EN, XII, 85. 

Magnetic    -Wedges — E.N', XII, 290. 

Single-Phase    Vv  indings — QB,    1102. 

Phases    Cross-Conneci,ed — QB,    1090. 

Wiring  Diagram — QB,    1142. 

Windings — Qij,    1152,    11S9. 

Changing   Speed— QB,    1165. 

Two-Phase   Trouble — QB,    11S7. 

Changing  Motor  Speed — QB,   1201. 

Insulation  on  Squirrel-Cag-e — QB,  1215. 

Uneven   Air  Gap — QB,    1262. 

Pi  rfdi'uiniii'f 

Polyphase  Indiiction  Motor  with  Sin- 
gle-Phase Secondary — 1'..  G.  Lanime.  1-6. 
W-HiOO.      Vol.    XII,   p.    304.    Sept..   'l.'.. 

(E)    I'.    M.    Lin.-oln.      \V-3'.io.   p.    SS,",. 

Characteristic  Curves  of  the  Induc- 
tion Motor — C.  .\.  JI.  Webf-r.  C-3,  \V- 
50O,      \-.jI.   XI.   p.    4S4,   .Si.pt.   '14. 

Induction  Motors  for  'Varying  Speed 
Service — Arthur     J.     Jlot.ver.       C-1,     W- 


Ki.^o.      Vol.   XI.   p.   485.  Sept.  '14. 
il']!    A.   .\I.    iMiiiley.  W-410.  p.   450. 

The  High-Slip  Induction  Motor  In  Ply- 
wheel  Applications — Blaine  B.  Barney. 
W'-SS".      \..i.    .XII.  p.   502,   Nov.,  '15. 

Starting  Current — EX, XI 1, 33 S. 

Speed-Torque    Curves — K.X, XI  1.491. 

Single-Phase  Motor  Trouble  —  QB, 
1022, 

Motor  Trouble — QB.    1045. 

Three-Phase  Motor  on  One-Phase — 
ijl:.    HT.T. 

On  Over-'Voltage — QB,   1076. 

Power-Factor   Curve — QB.    1108. 

Load  Calculation- -I J  B.   1160. 

Sixty-Cycle   on   25-Cycles — QB,   110  1. 

Arcing-  Between  Slip  Rings — QB,  1199. 

Characteristics — Qlj,   12  63. 

Three  Phase      Impedance      Test      with 

Single  Phase— QB.    l^o:;. 

Testing  for  Grounds-   ijB,    1245. 

SERIFS    MOTORS 

Series   Single-Phase    Motor— QB.    1255. 
Direction  of  Rotation — QB,   1252. 


TRANSFORMATION 


RECTIFIERS 

Mercury  Arc  Rectifiers  lor  Moving 
Picture  Arcs  H.  M.  WibU-.  C-2.  n-i. 
I-:;,    \\--l   411(1.      Vol.  XI.  p.   376,  .Tune.  '14. 

Charging'  Apparatus  for  Automobile 
Lighting  Batteries  —  Q.  A.  Brackett. 
Vibrating:  and  niercury  vapor  rectifiers, 
D-2,  1-5.  \V-3  430.  Vol.  XI,  p.  354,  June, 
■14. 

Lead-in  Wires— QB,    1024. 

Limit  of  Size — QB,   1024. 

Distance  Between  Electrodes — Q,.  B. 
10(-i((. 

Mercury  Rectifiers — (,J.   B.   116S. 

Electrolytic — (jl:,    123o. 

ROTARY  CONVERTERS 

Synchronous  Booster  Rotary   Convert- 
ers— J.       L.       .M.-K.       VMi-dley.         Theory. 
Armature  and  field   windings.      C-1,   D-.",. 
1-6.  -\V-4  715,     Vol.  XI.   p.   267,  Mav,  '14. 
(E)    B.   P.   Dillon.      W-610.   p.   239. 

High-Speed  Rotary  Converters — J.  1,. 
McK.  V:(rdlev.  I'-l.  1-4.  \V-2100.  Vol. 
XI.   p.   562.   (  i<-t.,   '14, 

Rotary  Converters  vs.  Motoi'-Genera- 
tor  Sets  for  Indi'strial  Service — Xii-ho- 
las  Stahl.  I'ower- t'artor.  Starting. 
Hunting.  Economic  features.  D-2,  1-4. 
W-2640.  Vol.  XII.  p.  154.  Apr.,  '15. 
(El    E.   P.   Ilillon.    W-70O.  p.    130, 

Substation    Converting-    Apparatus — C. 
F.  Llo>-d,      The  aiiitlication  of  converters 
and   motor-grenerator   sets.      ('-3.   1-4.   W- 
3210.      Vol.    XII.    p.    147.    Apr.,    '15. 
(E)    E.    P.    Dillon,      W-SIO.    p.    130. 

Sixty-Cycle,  1500-Volt  Rotary  Con- 
verters— X.  Stnhl.  (In  the  rirrtmont 
Bines.  D-2,  1-4.  \V-2650.  Vol.  XII.  p. 
154,   Apr,.   '15. 

The  History  of  the  Rotary  Converter 
in  America — F.  D.  Newbury.  The  hunt- 
ing problem.  Inverted  converters.  Three- 
wire  operation.  Sixtv-cycle  converters. 
Voltage  control.  Coniniutating  po'es. 
D-2.  1-24.  -^-6190.  Vol.  XII.  p.  27,  Jan., 
■15. 

Relation  of  Trolley  Feeder  Taps  to 
Machine  Pl^sh-Overs — Chas.  H.  Smith. 
The  taps  shonld  1>..  at  a  distance  from 
the  station  1-1.  \V-25IO.  Vol.  XII.  p. 
44,    Jan  ,    -15. 

Effect    of   -Wave    Form — EN.XTT.SS. 

TToltag-e   Ratios — OB.    11  S3. 

Three-Wire  Converters — QB,    1049. 


Protection  of-  (.jr..    1071. 
Accidental  Ground — (jl!,    1095. 
Twenty-five  Cycles  on  60  Cycles — QB, 

ii;-;o. 

Converter   Neutral— QB,    1136. 
Three-Wii-e    Converter — (.j.;,    1217, 
Emergency      Starting      of       Six-Phase 
Converter    -(,jB.    121!(. 

Operation   in  Series     (jB.    12':4. 

STORAGE  BATTERIES 

storage   Battery    Operation — QB,    1106. 
lead    Burning— (,JB.    Io60. 
Battery   Cases — (jI:.    1224, 
Counter  E.  M.  F.  Cell     (.J B,   1261. 

TRANSFORMERS 

General 

High  -Voltage  Distributing  Transfor- 
mers— i:.  (4,  Keed.  (■-2,  1-0,  W-lolO. 
Vol.   XI.   p,    338.   June.    '14. 

The  Evolution  of  the  Transformer — 
J.  S.  reck.  I-IO,  \V-4340.  Vol.  XI,  !>. 
476,    SeiJt..    -14. 

Self-Cooling  Transformers — \V.  -Vl. 
liann.  Iladiator  type.  I-IO,  W-22S0. 
Vol.   XII,  p.    134,   Apr..   -15. 

(£,■■    W.   M.   McConahey.  W.   3S0.  p,   130, 

Mechanical  Stresses  in  Transformers 
— J.  P.  Peters.  1-7,  W-22S0.  Vol.  XII. 
p.    555.    Dec.   '15. 

Polarity  of  Single-Phase  Transfor- 
mers—M.  A.  Smith,  Jr.  D-1.  W-1040. 
\(>l,    XII.   p.    S3.   Feb..   '15. 

Manhole  Transformers  for  A.  C.  Dis- 
tribution—  !•:.  G.  P.eed.  1-3,  \\-12(io. 
Vol,    XI  i.    ]..    515,    Nov.,   '15. 

The  Care  of  Transformer  Oil — (?.  S. 
Bawson,  Tests.  Filters.  1-4,  W-29S0. 
Vol,    Xll.    11.    ISS.    Mav.   '15. 

Flssh    Point — E.N.XII.S5. 

Filtering— QB.    1162. 

Interlac'ng  Coils — E.V,xn.20O. 

-Variations  of  Core  Flux  with  Load-  - 
E.X.XIBIOI. 

Definition  of  Primar.v — QB.    1153. 

Groundins'   Cases- (.JB.    115S. 

Switching  Pract-ce — QB.   11  S6. 

Cleaning  Transformer  -Water  Coils — 
Qi:,   1237. 

Connections 

Eyperience  on  the  Road. — .-V  neculiar 
transformer  coinici-tion — B.  M.  Klauber. 
D-1,   W-7S0.      Vol.    XI,    p.    235.   Apr,,   '14. 


Star   and   Delta  Transformers   in   Prr- 

allel— l';x.Xll.53(i. 

Interconnected  Star — QB.    lo(i7. 

One   Ph.    from   3    Ph Cl\^.    loio,    lOSO, 

1242. 

Paralleling  3  Ph. — (,JB,   1017. 

Paralleling   Scott    Con. — QB.    1046. 

Open  Delta— (JB.  1054,  1139,  1154, 
1172.    1173.    lll'l. 

Grounded  Neutral — QB,  1171. 

Parallel  Operation— QB,  1221. 

Two  Ph.  to  3  Ph. — QB,  1043,  1112, 
1II4,    1234. 

Performance 

leakage    Reactance      i;X.X  1 1.3s3. 
Paralled  Cpera,tion  of  Transformers — 
EX,XII.33S. 

Unbalanced  Load — QB,    1020. 
Change   of   Frequency — QB,    1023. 
Ratio  -(JB.   loOC,    1094.  1256. 
Er citing  Current — (,JB,  1116. 

Testing 

loading  Back-  (jB,   lo33. 
Capacity  for  Testing — QB.   1037. 
Phasing  Cut — (.JB..   1063. 


Series  Transformers  with  Open  Sec- 
andai-y    -  E.\-,.X  1 1.33N. 

Current  Transformers  in  Parallel  — Q, 
B.    113.5. 

Connected  in  Series — QB,   1233. 

Split   Core     (JB.    1211. 

Through-Type — (jB,    1253. 

Design — QB.    117S. 

Auto  Transformers 

On  Two-Phase — fJB.    IIIO. 

Reactance  Coils 

Current  Limiting-  Reactance  Coils — J. 
F.  Peters,  1-4.  \\'-154((.  Vol.  XI.  p. 
202.    Apr..    '14. 

Mechanical  Stresses  in  Reactarca 
Coils— W.  M.  Dann.  T-2,  C-7,  I-l,  W- 
2280.     Vol.   XI,  p.    204,  Apr..  'II. 

(E)    P.   M.    Bincoln.      W-66n.   p.    1S3. 

Percent   Reactance — EX'. XI  1,1 73. 


CONDENSERS 

Capacitance  of — (.JB.   1124. 


TRANSMISSION 
CONDUCTORS   AND  CONTROL 


Power-Factor 

Effect  of  Line  Power-Factor  on  Mo- 
tor Power-Factor- E.X. XI  1,1 73. 

Systems 
Electric    Development    in    California — 

J.  A.  Britton.  \V-740.  Vol.  XII,  p.  229, 
June.   '15, 

Experiences  with  150  O00--Volt  Trans- 
m-ES'on — I-al'.'.nrd  Wondbin'\-.  ('-1.  I-II, 
W-"66(i,      Vol.   Xll.   11,    25(-..   June.   '15. 

Higher  Direct-Current  -Voltages — C. 
S.  Cook.  (E)  W-53n.  Vol.  XI.  p.  501, 
Oct,.    '14. 

Single-Phase    Loads     from    Polyphase 


Systems —B.  G,  I. amine.  l''iitility  of 
li-;insf (inner  connections.  Tht^  rotat'ng 
Pb.-ise  converter.  O-l,  D-3,  W-3070,  Vol. 
XII.   p,    261.   .lune,   -15. 

Distribut'on  Line  Records — F.  R.  Ilea- 
lev.  1-2.  W-60(i,  \'ol.  .Xll.  p.  276,  June. 
'15. 

■Variations  in   Frequency — QB,    1205. 

Alternating  Current 

A  Study  of  Three  Phase  Systems — 
(-has,  Fortisciie.  Star-star,  delta-delta, 
st.ar-delta  and  del  la-star  connections. 
T-1.  C-4.  D-7.  T-1,  \V-5210,  Vol.  XT,  p. 
461.    Sent..   '14. 

Unbalanced   -Voltages — QB,    1238. 


LINES 

Calculation  of  Constant-'V  o  1 1  a  g  e 
Transmission  Lines — H.  B.  Dwight.  C-1, 
\V-213(i.      \oI.    XI.    p.    487.    Sept.,    '14. 

(Hi     1:,    P.    .l;i<-I;son.      \V-420.    p,    451. 

Constant  -Voltage  Operation  of  the 
City  of  Winnipeg-  Transmission  System 
—  1/.  A.  Her<lt  and  E.  G.  Burr.  Prede- 
termination of  operation.  Mathematics. 
C-8.  1-1.  W-3450.  Vol.  XII.  p.  397, 
Sept..   '15. 

A  Chart  for  Estimating  A.  C.  Lines — 
H.  B.  Dwight.  T-1.  D-7.  W-1560.  Vol. 
XII.  p.   3(01.   July.  '15. 


THE  ELECTRIC  JOURNAL 


The  Bisk  Involved  in  Directing-  a 
Stream  of  Water  onto  a  Hig-li-Tension 
Line  T-:;.  i-;;,  i-i.  \v-i:ili(.  \  ,,1.  ,\l,  j., 
■lull.   Auk.,   '1  I. 

Surges     ijK,    101:;. 

Power    Factor     QU,    1013,    1082. 

Vector  Relations     QB,   1019,  1042. 

Cost  of   Transmission— qH,   1026. 

Transmission  Data — QIJ,   1039. 

Choice   of   Voltag-c — Qfi.    1051. 

Cable   Troubles     vJII,    1059. 

Stresses  Between  ConductorB  —  QU, 
11 1:;. 

Grounding' — QH.   1115. 

Drying-   Cable — Qi:.    1117. 

Iron  -Wire— gH,   1119. 

Skin  Eltect-    QB,    1123. 

Size  of  Cable     Qli.    1127. 

Electrolier   -Wiring-   Scliems — QB,    1132. 

Removing-    Insiilation  — (.jB,    1137. 

Desig-n     I  jl  I,    1  IT'.i. 

Insulator  Cement — QB,    1115. 

Insulated    Hall    Rope — QB,    1171. 

Capacity    of    Bus-Bars  -QB,    11 70. 

Size   of    -Wire   -i.'i:.    I  ins. 

Leads  from  D.  C.  Gen.    -QB.   1214. 

Iron  vs.  Bronze  Moving  Contacts — 1.1I'., 
1254. 

SWITCHBOARDS 
General 

Electrically-Operated  Switchboards  — 

H.  ,\.  Ti-avers.  t^oiitrol  etiuipnieiit.  Cir- 
cuit lireakor  stl-U(.-tui-e  ;irr;iTtj?t-ni(^nt.s.  (,.'- 
1,  D-l.  1-53.  \V-7UliO.  Vol.  XII,  p.  507, 
Nov..    '15;    p.    547.    Ht-c.   '15. 

The  Iioad  Dispatching  System  of  the 
Public  Service  Electric  Company  of  Now 
Jersey  -.1.  T.  I.awsoii.  T-2,  I-:;,  \V-5100. 
Viil.  .\l.  p.   i;ii2,  1  ic-i..  ■!  I. 

The  System  Operating  Department  of 
thi-  Duciuesne  Light  Company  1 ;.  1 '. 
Stonr.        1-1.     \\-22i;ii.        \(.l.     ,\l.     p.     r.H5. 

()(-l..  '1 1. 

Load  Dispatching  System  of  the  Pitts- 
burgh Railways  Company  -.1.  W.  Wi-l.-^h. 
I-:'..  w-l:iiiii,     \-ni.  .\i.  I..  r.iiT.  o.-i..  'i  1. 

The  Evolution  of  the  Switchboard — 
B.  1'.  Itowc.  ftletGi-.s.  S-ft'itches.  l^anels. 
Oil  (circuit  brGaker.s.  Arrangement  of 
structures.  T-G6,  W-IO  450.  Vol.  XU,  p. 
320,  .liil.v,  '15;  p.  370,  Aug-.,  "15;  p.  40,S, 
Sept..  -15. 

Comparison  of  600,  1200  and  24C0- 
"Volt  D-C.  Railway  S-witchboard  Practice 
— (>.  Wiirlnian.  I  i-!i.  W-llMlii.  Vol.  XII. 
p.    155.    li,-t..    '15. 

Switchboards  for  Frequency  Changer 
Sets  .\.  I,.  Ihirvev.  1-L',  \V-i:ioii.  Vol. 
-Ml.    V     M.    l-'fli..    '15. 

Protection  of  Motor-Generator  Sets  in 
Parallel  on  High  -Voltage  Direct-Current 
Systems  1-;.  I-'.  X.  l.-;oii.  Ii-I.  I-I.  W- 
430.      Vol.    Xll.    p.    10s.    M.-ir..    '15. 

Safety     First     Switchboards  -EN.XII. 

Connections     QB,   1015.   1072. 
Ground  Detector — QV,.   1032. 

Interrupting  Devices 

Outdoor  S'^.  itch  and  Circuit  Breaker 
Appar.atus  -  .1.  M.  .Malioncv.  1-2",  \V- 
1  ;i|-.ii.      \-ol.    N  I.    p.    :;i;2.   .Ume.   '14. 

The  Efect  of  LimitinfT  Reactances  on 
the  Apnl'cation  of  Oil  CircuU  Breakers 
— .1.  N.  Malionev.  C-L'.  W-79n.  Vol.  XI. 
p.    200,    .\pr..    'II. 

(K)    )•.  M.   T.incoln.     \V-(JGO.  p.   1S3. 


The  Design  of  Oil  Circuit  Breakers  for 
Quantity  Manufacture  .1.  .X.  .Malioin-v. 
■r-i,  1-1:1,  \\-:;:;tii.  \..i.  .\U,  p.  :;,s7,  Sepi.. 
'15. 

(K)   Chas.   li.   Biker.      \V-500,  p.  38(1. 

Fire-proof  Compartments  for  Hlgh- 
Tenslon  Oil  Circuit-Breakers  — S.  Q. 
llaye.s.  1-4,  \V-;i(lii.  \ol.  .\ll,  p.  76, 
Feb..    '15. 

Disconnecting  Switches — <;.  I.,  ('hrist- 
niaii.  1-11.  \\-15iiO.  Vol.  Xll,  p.  1:2, 
Mar,.     15. 

Direct-Trip  Reverse  Current  Devicea 
for  Direct-Current  Circuits  -  II.  I-;. 
Trenl.  r-1,  li-l.  1-;;.  \\-l;i4u.  Vol.  Xll, 
p.    3i;ii.   Auk..   '15. 

Magnetic    Blowouts — EN',XIT,85. 

Air  Break  Switch — QB,    I'iso. 

Series  Contactor — i.j  I :.    llilT. 

Carbon  vs.  Oil  Circuit  Breakers  i.jB, 
1193. 

Protective 

Protection  of  Outdoor  Transformer 
Substations  from  Lightning  —  (j.  ,\, 
Brai-k.-U,  1-5.  \\-l:;sH.  \-,,|.  XI.  p.  4119. 
.luly.     I  I. 

Lightning  Arresters  for  Electric  Rail- 
way Equipment  -i.1.  A.  Bracketl.  Cir- 
cuit bre.'ikei-.  magnetic  blow-out.  multi- 
path.  ,'Mul  condenser  t\-pe  arrester.s.  1-7. 
\V-3  2'~ii.      Vol.    XI.    p.    217.    Mav,    'M. 

Charging  Resistances  for  Electrolytic 
Lightning  Arresters- 1 :.  < '.  Mill.  1>-;'., 
1-2.   \\-7'.iii.      \'ol.   XI.  p.    251.  May.  '11. 

Protection  from  Lightning  and  High- 
Voltage  Disturbances — 1,1.  A.  Bracket! 
T..ines.  Station  eciuipnienl.  Types  of 
arresters.  1-11,  W-54C0.  Vol.  XH.  ji. 
330.   .lulv.   '15. 

Lightning    Pi-otection — QB.    lOlS. 

Electrolytic  Arresters — QB,   1053. 

For   Converters     '.iB.    1071. 

Grounding    Arresters —QB.    1073,    1241. 

Ground  Resistance     i.H'..    1250. 

Diameter  of  Choke  Coils— QB.   lOSl. 

For    D.    C.    Circuits-  QB.    lllS. 

Location  of-   ijB,   11.SS. 

Lightning    Rods — QB,    1260. 

REGULATION  AND  CONTROL 

Regulators 

Voltage  Regulation  of  the  -West  Fenn 
System — .1.  .S.  .lenks.  .\u1oni:ilic  Tndu'-- 
tion  rcKul.-tlor.s.  I-S,  W-3  240.  Vol.  XT. 
p.    3ii;i.   .luni-,   '1  I. 

Automatic  Induction  Regulator — QB, 
I  ii;i;. 

Three-Phase  Regulators — QR,  1244. 

Controllers 

The  Evolution  of  Industrial  Control- 
lers T.  S.  Perkins.  H-l.  l-3ii.  \\-372ii. 
\ol.    XI.   p.   095,    Hec..   '1  1. 

Progress  in  Industrial  Control — F.  Vi. 
Ilallo'-k.  (l-:i  W-I3S0.  Vol.  XI.  p.  653, 
lie.-..  'I  I. 

An    Appeal    for    Controller    Education 

M.  B.  |-..:i.li.  iKl  \V-fi3ii.  Vol.  XI.  p. 
05  I.    II.-.-..      1  I. 

An  Analvsis  of  Controller  Diagram 
Construction— n.  L.  Beach.  P-S,  \V-151ii. 
Vol.   XI.   p.   000,  Pec.  '14. 

The  Magnet  Switch— E.  K.  HnnlY.  P-^- 
tails  of  rlcslKn  and  characteristics,  T-15. 
■\V-2snO.      Vol.  XI.  p.   650.   Pec..  '14. 


An  Analysis  of  Industrial  Control — A. 

(I.  l'(ji)cke.  With  respect  to  type  of  con- 
slruetion  and  .-haracteristics  of  the  mo- 
tors. T-1.  \V-245ii.  Vol.  XI,  p.  661, 
Pec,  -14. 

Antomatic  Starters  and  ContTOllers — 
\V.  H.  Patterson.  D-5,  1-14,  \V-1740. 
Vol.   XI.   p.   009,   Pec.  '14. 

Control  Panels  for  Synchronous  Uo- 
tors  1:.  I..  Kiniber.  P-1,  1-7.  \V-14511 
\-.il.    XI.    p.    7111.    Pec,  '1  I. 

The  Manufacture  of  Electric  Control- 
lers—.!. .\.  r.lickiaan.  1-7.  W-19:iii.  Vol. 
X  I,  p.   092,    Pec.   '1  1. 

Recent  Development  in  HL  Control 

.1.  A.  Clarke,  .Ii-.  P-1.  I-ll,  \V-102ii.  Vol. 
XII.    p.    452.    li.t..      15. 

Transition  in  Railway  Control— F,X, 
XII. 41:5. 

SPECIFIC    APPLICATIONS 

(.Vi-i-.iiiK.  il    .\lpli.-il..-tieally.) 

Control  for  Electrically  Driven  Rub- 
ber Calenders  T.  !■:.  Simpers  <.'-l.  p-3, 
I-I.   W  -211711.      Vol.  XI.  ji.   Om;.   Pec,  -14. 

Magnetic  Controllers  for  Crane  Mo- 
tors W.  (I.  l,inn.  PI,  1-7,  W-lCoo 
\'ol.    XI.    p.    IIM,    P,.-.-.,   'U. 

The  Selection  of  Control  for  Portable 
Drilling  Rigs  \V.  1:.  .lolmslon.  P-4, 
1-4,    \\-37iiil.     Vol.   XI.  p.   7211,  Dec,  '14. 

Electric  Elevator  Control  —  H.  D. 
.laiMeS.  p-2.  1-3,  W-252II.  Vol.  XI.  p. 
077,    Pec,   '14. 

Automatic  Control  for  Latindry  Ma- 
chines— 11.  F.  Koc.  Driven  by  allernat- 
iuK-current  reversing  motors.  C-1.  D-l, 
1-4.   \V-750.     Vol.  XT,  p.  690,  Dec,  '14. 

Control  for  Mine  Hoists  —  Graham 
Bright.  Pire.-t-ciit-i-ent.  Alternating- 
current.  The  Ward  Leonard  and  Ilgner 
systems.  C-2.  P-3,  1-3,  \V-3330.  Vol.  XT, 
p.   704,   Dec,   '14. 

Operation  of  FK  Control  on  the  New 
York  Railways — Alex.  Mclver.  T-5,  W- 
i:;5ii.      \-.il.   XI.  p.   570,  Oct..  '14. 

iK)    B.   W  .  Stemmerich.     W-2S0,  p.  502. 

Skip  Hoist  Control — .1.  H.  Albrecht. 
For    blast    furnaces.       C-2,    D-l,    1-4,    W- 

iii'iii      \'..:.  -X  I.  p.  i;i;4.  Pec.,  '14. 

The  Control  of  Induction  Motors  for 
Rolling  Mill  Drive — Wilfred  Sykes  and 
tl.  10.  SLoltx.  Bv  the  automatic  slip  reg- 
ulator. C-9.  D-l,  1-3,  W-3580.  Vol.  XI. 
p.    709.    pec.    '14. 

Magnetic  Control  for  Steel  Mill  Aux- 
iliary Motors  -.\.  (3.  .\hrens.  I'-l.  1-7. 
\V-274ii.       \'..l.    XI.    p.    073,    Pec,    '14. 

CK)     Brent    Wiley.      ^-450,    p.    655. 

Steel-Mill  Motor  Control — W.  O.  Lum. 
.\utonialic  starlei-s.  Contactors.  Re- 
lays. D-3,  1-9,  W-2340.  Vol.  XI,  p. 
150.   Mar.,   '14, 

Rheostats 

Liquid  Rheostats — W  .  F.  Thau.  For 
controlling  wound  secondary  induction 
motors.  C-l.  p-1,  1-3.  W-1610.  Vol.  XI, 
p.   0.S4.   Pec.  '14. 

(E)  Girard  B.  Rosenblatt.  W-380.  p. 
655. 

The  Design  and  Application  of  Rheo- 
stats II.  C.  Xagel.  1-9.  W-4220.  \-ol. 
XI.    p.    720.    P<-c..    '1  I. 

Iron  -Wire  Rheostat     QB.   1200. 


UTILIZATION 


GENERAL 

Electricity  in  the  Home — George  AVil- 
lams.  \V-3iiO.  Vol.  XTT,  p.  229,  .Tune. 
•15. 

LIGHTING 

Arguments  Against  Light — Betirinted 
from  Pio.  \\"-:;50,  Vol.  XI.  p.  90.  Feb., 
'14. 

Standardization  in  Industrial  Tllnm- 
Snatlon--A.  .1.  .\irslon.  T-3.  1-4.  W-3  370. 
Vol.   XI.   n.   347.  .Tnno.  '14. 

Tendencies  in  Street  Car  Illumination 
— N.  II.  Callard.  T-2,  C-1,  1-5,  W-2000. 
Vol.   XIT.   p.   449.  Oct..  '15. 

<F)   W.   H.   Rolinson.     W-500.  p.   433. 

Units 

Street   and   Industrial   Lighting   TTn<*-s 

— G.  W.  Bo.isi.  T-".  C-3.  I1-2.  I-ll.  W- 
3  130.      Vol.    XI.    p.    325,    .Time.   '11. 

Large  Incandescent  Lighting  TTnits — 
A.  R.  PeniiiiiKion.  The  nitroU'-n  filled 
tungsten.  I-l.  \V-2  ."30.  Vol.  XI.  p.  3ii0, 
.Tune.   '11. 

The    Efaciency     of     the     Inc.nd.^scant 


Lamp— \\".  11.  Rolinson.  T-3,  C-4,  T-2, 
\\-2  S50.     v.il.  XT.  p.  311.  .Tune,  '14.    . 

Results  with  Nitrogen-Filled  Lamps 
—  Kav  I'almer.  I-'or  sti-.^.-t  lighin-J:  in 
Chi.-;iVo.  T-1,  \V-I11911.  V.il.  XII.  p.  225. 
.Tune.   '15. 

Mazda  Lighting  Svstems — W.  1".  Hur- 
ley. Besidence  districts.  Business 
streets.  Systems.  C-5.  M  1,  W-4300. 
Vol.   XIT.   p.   234.  .Tune.  '15. 

Incandescent  Lamp  Developments — 1^. 
,T.  Pail. -v.  .Ir.  T-1.  1-3.  W-ISO".  Vol. 
Xll.    p,    251.   .Iniie.   '15. 

Mazda  C  Lamps  in  the  Making — .V.  R. 
Pennington.  T-G.  W-3050.  Vo).  XTI.  i>. 
Z19,.  .Tune.  '15. 

The  History  of  the  Arc  Lamp — F. 
Conrad  and  W.  A.  Pnrrah.  D-5.  T-23. 
AV-54''n.  Vol.  XIT.  p.  517.  Nov..  '15;  p. 
500.  P,..-..  '15. 

Peo'ulntlmr  Arc  Lamn     OB.   1047. 

Twenty-flve-fycle    Tiffhtinff- QR.  1077. 

Mf.n-.  of  Carbon  Filament — QB.  1079. 

T>.   r.    Afc  Lamn  on    «.  C. — QB.   1131. 

2ao-Volt  vs.  110-Volt  Lamps  —  QB, 
11711.    I  '".7. 

Metallic  Flame   Arc     QB.   1220. 


POWER 
ral 


Ijene 

Load  Building  in  Large  Cities — V,.   W. 

I.loyd.   W-Oiiii.    \ol.   .XI.   p.    290.  .lune.  '14. 

Building  Big  Business  —  Douglass 
Burnett.  \V-2  ISO.  Vol.  XI,  p.  297. 
■Illiu-.  '14. 

Securing  Power  Business — L..  P.  Per- 
ry.     W-44".      Vol.    XI.    p.    299.   June.   '14. 

Methods  of  Load  Building — Gordon 
Weaver.  \V-500.  Vol.  XI.  p.  300.  June, 
-1  I. 

Merchandising  Methods  for  the  Sale 
of  Appliances— T.  I.  .lones.  T-3,  W-:!40. 
\'ol.    X  I.   p.    3111.   .lune.   '14. 

Electrical  Appliance  Merchandising — 
Joseph  V.  Guilfovle.  W-1150,  \\A.  XII, 
p.    565.    Pec.    '15. 

A  Perspective  Survey  of  Electricity  in 
Industry-  Chas.  F.  Scott.  C-4.  P-2,  I-4, 
\\--303ii.      \'..l.   XII.  p.   6.  Jan..  '15. 

New  Opportunities  for  Central  Sta- 
tions— A.  E.  Ki.-kards.  .\  studv  of 
credits.  T-1,  C-1,  W-IOSO.  Vol.  XII.  p. 
10,  Jan.,  '15. 


THE  ELECTRIC  fnURNAL 


The    modern    Power    Salesman — C.    X. 

Johnson.  lE)  W-530.  Vol.  XII,  p.  175, 
May,   '15. 

Factors  Governing^  the  Cost  of  Power 
— GfcOl-ge  r.  Koux.  W-32G(J.  ^  ol.  XII, 
p.    ?.(•?,.    .Aug.,    '15. 

The  Marginal  Element  in  Power  Con- 
Contracting: —  E.  1.1.  Drevfus.  (K)  W- 
6;iii.      V,,l.    XU.    p.    fl'i,    June.    '15. 

Popularizing^  £lectric  Service — .V.  H. 
Milnlirc.  (K)  W-430.  Vol.  XII,  p.  495, 
Xo\'..   '15. 

Industrial  Electricity — O.  F.  Stroman. 
(lO)    \V-i;GU.     Vol.   XII,  p.   17B.  May,  '15. 

The  Cost  of  a  Kilowatt-Hour — ,\.  F. 
Stniuse.  A  discussion  of  fundamentals. 
T-2,  C-3,  \V-42GiJ.  Vol.  XI,  p.  444,  Aug., 
•14. 

Making"  Power  Investigrations — B.  H. 
Uli'ieh.  Instruments.  The  investiga- 
tion. The  report.  T-I.  C-3,  1-4.  W-35SO. 
Vol.  XI,   p.    13S,   Mar.,   '14. 

Typical  Electric  Power  Plant  Costs  — 
M.  C.  .McXeil.  5iM)  to  5  00(1  kw  plants 
at  various  load  factors.  T-4,  \V-L'180. 
Vol.   XI,  p.   135,  JNIar.,  '14. 

Turningf  the  "Wheels  of  Indusary — . 
(Kl    W-'.HMl.      Vol.    XI,    p.    111.    Mar.,   '14. 

Motor  Drive  in  the  Industrial  Pield — 
C.  \\.  Urake.  W-lsoii.  Vol.  XI,  p.  ll;i. 
Mar..  '14. 

The  Growth  of  the  Central  Station 
Industry— .s.  A.  Fletcher.  C-1,  \V-li;00. 
Vol.  XI,  p.    lUT.   Mar.,   '14. 

Motors  and  Their  Application 

Practional      Horse-Power     Motors — B. 

Lester.  (E)  W-34ii.  Vol.  XII.  p.  175. 
May.  '15. 

Applying-  Small  Motors — H.  F.  Boe. 
.Aplilication.  Tvpes.  I-S.  W-29no.  Vol. 
XII,    p.    1N2.    May.    '15. 

SPECIFIC    APPLICATIONS 

( ."arranged    -Mphabetieallj') 

Electrical  Equipment  for  Automo- 
hiles — C.  E.  ^Vilson.  Starting  motors 
and  liglitlng  and  ignition  generators. 
C-5,  D-2,  1-9,  W-ISIO.  Vol.  XII,  p.  3  26, 
July,   '15. 

Electrically-Operated  Boot  and  Shoe 
Factories— I '.  X.  Johnson.  T-5,  1-3,  W- 
IS."".      Vol.    XI,   1).    li;ii.    .Mar..   '14. 

Economy  in  the  Manufacture  of  Cane 
Sugar^Wirt    S.    Scott.      By    the    use    of 
electricallv-ojierated   mills.      T-3,    D-2,    1- 
30,  W-4760.     Vol.  XII,  p.   12,   Jan.,  '15. 
(E)    H.   F.  Griffith.     W-710,  p.   4. 

Motor  Requirements  in  the  Portland 
Cement  Industry — I'.  X.  Harrison.  De- 
scripti'Mi  of  ajqiaratus.  T\*pical  instal- 
lations. 1-12,  T-2.  W-4S4I1.  Vol.  XI,  p. 
4S.   .Ian..   '14. 

Motor-Driven  Conveyors — V.  r*.  Moul- 
ton.  1-6.  W-1211'.  Vol.  XII,  p.  201,  Mav, 
'15. 

A  Central  Station  Analysis  of  Cotton 
Gins — Jolni  Gelzer,  Jr.  Power  require- 
ments. T-4,  C-1,  11-1,  1-6,  W-1870.  Vol. 
XI.  11.   42S.  Aus..  '14. 

(El    |i,    S.    r.owninn.   W-tnn.   p.    420. 

The  Cotton  Industry  in  California — 
C.  |).  I.aMorcc.  1-1.  \V-5:hi.  Vd.  XI,  p. 
43(;.    Aui;,.   '1  1. 

The  Situation  Before  the  Cotton  Tex- 
tile Manufacturers — .\.  IZ.  liickards. 
Power  requirements.  T-S,  C-3,  1-3,  W- 
2S4n.      Vol.   XI,   p.    404.   July.  '14. 

Direct  Traction  Elevator  Equipment — 
.A.  Rrunt  and  H.  L.  Keith.  ^lotor.  Con- 
troller. C-1.  D-l,  1-4,  W-2150.  Vol.  XII, 
p.   195,  Mav.  '15. 

'i'"l    \V.   H.   P'.tterson.    W-4'iO,   p     176. 

■Ventilation  by  Small  Motor-Driven 
Fans    and     Blowers    —    Bernard     Tvester. 


T-1,   1-9,   W-1470.     Vol.  XI,   p.    351,   June. 

Improving  Air  Conditions — E.   E.   Gar- 

lits.  I'.y  e.xhaust  and  agitator  fans  and 
ozonizers.  T-2,  I-Il,  \V-2  94U.  Vol  XI, 
p.    331.    June,    '14. 

Electric  Drive  in  Flour  Mills — T  E. 
Simpers.  T-1,  I-,,  \V-L'30m.  Vol.  XII, 
p.    5H-1.    .\-,,v,.     1,-,. 

The  Production  Problem  in  the  Foun- 
dry and  Machine  Shop  Industry —  v  E 
Kickards.  T-11.  1-6,  \V-2425.  Vol.  XI, 
p.    216,   .Vpr.,   '14. 

Application  of  Motors  to  Hardinge 
Mills — \V.  A.  Rankin.  C-1.  I-l,  \V-15imi 
Vol.    XI.   p.    396,   July,   '14. 

IE)    W.   .\.   Thomas.      W-310.  p.   379. 

Power  Kequireraents  of  Electric 
Hoisting  Plants  — Wilfred  Sykes.  UoisL- 
ing  speeds.  ^Acceleration  and  retard.a- 
tion  with  cylindrical  and  conical  drums. 
C-4,  I-l,  \V-3660.  Vol.  XI,  p.  14  1,  Mar., 
•14. 

Balanced  Hoisting  Systems — Wilfred 
Sykes.  The  use  of  Uywheels  with  the 
Ilgner  and  the  converter  hoisting  sys- 
tems. T-1,  C-3,  D-3,  W-2  435.  Vol.  XI, 
p.   27  4,  May,  '14. 

Electrical  Installation  of  the  Cleve- 
land Cliffs  Iron  Company — F.  C.  Stan- 
ford. Bequirenients  of  motor  service. 
T-1,  C-7,  D-1,  1-2,  AV-4320.  Vol.  XI,  p. 
381,   July,   '14. 

(E)    W.   .\.    Thomas.     W-310,   p.    379. 

Electric  Drive  in  the  I^aundry — H.  P. 
Boe.  Baundr.N-  maciiines.  Motor  re- 
quirements .  C-2,  1-4,  \V-347u.  Vol.  XI, 
p.    163,    .Mar..    '14. 

Purchased  Power  and  the  Iieather  In- 
dustry— .A.  E.  Kickards.  Analysis  of 
the  industry  and  its  power  require- 
ments. C-4,  1-5,  T-6,  \V-2810.  Vol.  XI, 
p.   41,   Jan.,   '14. 

Electrically-Operated  Iiime  Plants — I 
E.  ForK>-.  1-8,  W-1090.  Vol.  XII.  p. 
1S6,  May,  '15. 

Placer  Mining  with  Bucket  Dredges — 
W.  -M.  II. Mil.  1-3,  W-193n.  Vol.  XI,  II. 
132.    .Mar..    '14. 

Purchased  Power  and  Bituminous 
Coal  Mining — .\.  E.  Kickards.  Power 
reuuireincnts.  T\iies  of  motors.  I-lo. 
W-330II.      A'ol.    XI,   p.    SI,   Feb.,   '14. 

Electric  Drilling  in  the  Oil  Field — 
^V.  K.  Johnston.  Drilling  operations. 
Power  requirements.  T-1,  C-1,  I-ll,  W- 
40,'iO.     Vol.  XI.   p.   172.  Mar..  '14. 

Reversing  Motor  Planer  Equipment — 
W.  l;.  .Xicklas.  Iietails.  Economy  of. 
T-1.  C-2,  I-S,  W-1SC5.  Vol.  XI,  ]..  129, 
.Alar..   '14. 

Electric  Drive  for  Small  Printing 
Plants  — F.  S.  Iiellenliautrh.  Jr.  1-5.  AV- 
2n.-,ii.      A'ol.   XII.   p.    192.    May,   '1.'^. 

Motors  in  tlie  Pulp  and  Paper  Indm- 
try— lO.  C.  Morse.      T-1,  I-S,  AV-220fl.  A"ol. 

XI,  p.    149.    Mar.,    '14. 

Irrigation  by  Pumping"  in  California 
— R.  A.  Balzari.  Improving  arable  land: 
Developing  arid  land:  Reclaiming  alk-ili 
deserts  .  I-S.  W-47S5.  Vol.  XI,  p.  114 
Mar..   '14. 

Electric  Drive  in  Railroad  Ren^.ir 
Shops— J.    H.    Brv:.n.      1-7.   \V-2040.      Vol. 

XII.  p.    llix.    Ma>-.  "15. 

Fabrication  of  Rubber  Goods — E.  C. 
P.aushci".  i'roccsses.  Power  require- 
ments, I-IO.  AV-2740.  A'ol.  XI.  p.  16S. 
Mar..  "14. 

Motor  Driven  Shovels — AV.  H.  Patter- 
son. 1-5.  W-Slfl.  A'ol.  XI,  p.  142,  Mar., 
"14. 

The  Silk  Industry  in  Northeastern 
Pennsylvania — G.  \^ .  ,'-:niith  .ami  E,  1.. 
Kyle.  T-.-..  I--1.  I-ll.  W-2170.  A"c)l.  XTI. 
p.    402.    Sept..    "15. 


Electricity  in  Slate  Mining — J ;.  C.  Ber- 
lin.     1-5,    \\-4130.      \"ul.   XI  1,   p.   177,   .Alay. 

Central  Station  Service  for  Steel  Mills 

— T.  S.  H.-nd-rson.  T-1,  1-2,  W-]l>ii. 
Vol.    XI  1.    |i.    2.')4,    June,    '15. 

Speed  Adjustment  of  Alternating-Cur- 
rent Mill  Motors — G.  E.  Stoltz.  By  ro- 
tary converter  and  motor-generator 
au.xiliaries.  C-5,  D-2,  1-4,  W-6  145.  A'ol. 
XI,    p.    277,   Mav,   '14. 

IE)    W.    Sykes.     W-525.    p.    240. 

Electric  Power  for  Textile  Mills — 
John  S.  Henderson.  Jr.  Comparison  of 
methods  of  power  generation.  T-1,  C-3, 
1-3,   AV-31Sn.      A'ol.   XI,   p.    432,  Aug.,   '14. 

(E)    I  I.    S.    I'.ciwilKiii.     W-40U,    p.    420. 

Puritication  by   Ozone — QB,    1065. 

Syn.  Motor  for  Pumps — QB,  1091. 

Effect  of  Trolley  Resistance  on  Crane 
Operation      '.>K.    1147. 

Special  Hoist — Ijli.    1164. 

Fan  Motors  in  Paper  Factory — i  iB. 
1216. 

Pole  Pumps  -i.iP.  1144. 

Vehicles 
The  Future   of   the   Motor   Bus — T.    H. 

Schoepf.  (El  W-440.  A'ol.  XII.  p.  432, 
Oct.,  '15. 

Heating  Apparatus 

Immersion  "eaters  for  Iiiquids  or 
Senu-Iiiquids — E.  F.  Carpenter.  T-1. 
I>-1,  I-S.  W-1735.  Vol.  XI.  p.  35S,  June, 
'14. 

The  Energy  Required  for  Ho.Tting 
Buildings — W".     l  l.     Peale.       T-3,     1-2,    AV- 

I  235.      Vol.    .\l.   p.    345,   June.   '14. 

The  Electrically  Heated  linotype  Pot 
— H.  M.  Wicker.  1>-1.  1-4,  W-1  2HII.  A'ol. 
XI,   p.    336.   June.  '14. 

Temperature    of    Heater — QB,    103G. 

Current  to  Anneal  Copper — QB,   1070. 

Rewinding — ijl:,    1156. 

Welding 

Applications   of   Electric   Arc   AVeldins" 

— E.  S.  Zuck.  Use  of  carbon  and  metal 
electrodes.  1-7,  AA'-2460,  A'ol.  XI,  p.  37. 
Jan.,  '14. 

Equipment  for  Electric  Arc  "Weldingf 
— E.  S.  Zuck.  T-1,  ll-l,  1-5,  \V.3550. 
A'ol.   XI,   p.   565,   Oct..   '14. 

Electro  -  Percussive  "Welding — C.  E. 
Skinner  and  L.  W.  Chubb.  .\  special 
lirocess  for  aluminum  and  for  dissim- 
ilar metals.  C-1,  D-2,  1-9.  A\^-2990.  Vol. 
XI.  p.  640.     Xov.,  '14. 

Arc  Welding— Qt'.,   1104. 

Electro  -  Percussive  "Welding  —  QB, 
1175. 

Spot  Welding-  Ql"..    120  4. 

Magnets 

Shading  Coils  for  Single-Phase  Mag- 
nets—  K.  T.  Kiiltzina.  D-2,  W-6I11.  A'ol. 
XTI.    p.    407.    Sept.,    "15. 

Design   of-    QB,    1021. 

Impregnation — QK.   1100. 

Capacitance    to    Absorb    Spark  —  QB, 

II  ".'4. 

Shunting"  Contact  Points— iTB.    1222. 

INTELLIGENCE  TRANSMISSION 

Neutralizing  Transformers  and  Tlieir 
"Use  in  Telephone  Circuits — Thomas 
Shaw.  For  reducing  voltages  Induced 
b.v  adiaceiit  power  circuits.  D-3,  1-4, 
AA'-5630.      A'ol.   XI,   p.    622,    .Vov.,  '14. 

fE)    Chas.    F.    Scott.   A\'-1360.   p.    61 0. 

The  Protection  of  Telephone  Circuits 
— W.  A.  Darrah.  n.5.  I-S.  AV-3150.  Vol. 
XI.   n.    631.   Xov..   '14. 

11":!    F.    P..   .lewett.    \V-620,  p.  611. 


RAILWAY  ENGINEERING 


GENERAL 

The  First  5a00-Volt  D.  C.  Railway — 
N.  AV.  Storer.  Equipment.  Oper.ation. 
D-2.  1-9.  A\'-2240.  Vol.  XII.  p.  445,  Oct.. 
'15. 

Purchased  Power  for  Electric  Rail- 
ways—  Win,  C.  P.  Eglin.  Economii"  ad- 
vantage. Peliabilitv  of  service.  1-1, 
W-1320,      A'ol.   XI,    p.    504,    Oct.,    II. 

The  Solution  of  a  City's  Transit  Prob- 
lem— .A.  Merritt  Taylor.  Traffic  Condi- 
tions in  Philadelphia.  T-24,  C-5,  1-21, 
W-1734n.      A'ol.   XT.   p.   514,    Oct..   '14. 

CE)    John    J.    Gibson.     AV-320,   p.    50I. 

Recent  Developments  in  Railway  Mo- 
tor Gearing"  —\\'.  P.  -\ll.n.  T-2.  1-10, 
W-"'420,      A'.il,    XI.   p,    544.   Oct..   '14. 

The  Jitney  Situation — C.  S.  Cook.  fE) 
W-950.      A'ol.    XII.    p.    431,    Oct.,    '15. 


Railway  Apparatus  at  the  Panama 
Pac'flc  Exposition — M.  ( '.  Turpin.  I-lO, 
\V-2350.    A'ol,    XII,    n,    477.    Oct..    "15. 

Elevation   of    Outer   Rail — QB,    121S. 
SYSTEMS 

Some     Railwa.v     Operating     Results — 

II.  1>.  Kirker.  The  Indianaiiolis  it  Cin- 
cim"iiinati  Trai"tion  Co.  Pock  Island 
Southern  Hailway.  New  York.  "\Vest- 
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